Z
; Eurosensors
proceedings T @@

Proceedings

Monitoring the Etching Process in LPFGs towards
Development of Highly Sensitive Sensors *

Ignacio Del Villar 2%, Jose Luis Cruz 3, Abian Bentor Socorro '?, Silvia Diaz 12,
Jesus Maria Corres 12, Francisco Javier Arregui 12 and Ignacio Raul Matias 12

1 Sensors Research Laboratory, Public University of Navarra, 31006 Pamplona, Spain;
ab.socorro@unavarra.es (A.B.S.); silvia.diaz@unavarra.es (S.D.); jmcorres@unavarra.es (J.M.C.);
parregui@unavarra.es (F.J.A.); natxo@unavarra.es (LR.M.)

2 Institute of Smart Cities, Jeronimo de Ayanz Center, Campus Arrosadia, 31006 Pamplona, Spain

3 Department of Applied Physics and Electromagnetism, University of Valencia, 46100 Burjassot, Spain;
josel.cruz@uv.es

* Correspondence: ignacio.delvillar@unavarra.es; Tel.: +34-948-16-9256

t Presented at the Eurosensors 2017 Conference, Paris, France, 3-6 September 2017.

Published: 11 August 2017

Abstract: In this work, the monitoring of the etching process up to a diameter of 30 um of two LPFG
structures has been compared, one of them had initially 125 pm, whereas the second one had
80 um. By tracking the wavelength shift of the resonance bands during the etching process it is
possible to check the quality of etching process (the 80 um fibre performs better than de 125 um
fibre), and to stop for a specific cladding mode coupling, which permits to obtain an improved
sensitivity compared to the initial structure.
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1. Introduction

Long period fiber gratings (LPFG) can be used as highly sensitive detectors by application of
three different phenomena: the mode transition [1,2], the dispersion turning point (DTP) [3], and the
reduction of the cladding diameter [4,5]. It has been theoretically analyzed that a sensitivity in the
water region of up to 143,000 nm/refractive index unit (nm/RIU) can be attained by considering the
wavelength shift of both attenuation bands in DTP mode [6]. However the practical implementation
is difficult and requires a high degree of accuracy. Nonetheless a sensitivity of 40,000 nm/RIU in a
single band has been obtained by Smietana et al. [4].

Here focus is centered in the combination of the DTP and the cladding diameter reduction,
which is simpler to control and permits to obtain sensitivities of 8000 nm/RIU by considering the
wavelength shift of both attenuation bands [5]. The attenuation bands in LPFGs are created by
coupling the core mode to a specific cladding mode. Coupling to lower order modes occurs by
decreasing the cladding diameter for a given grating period. The highest sensitivity is obtained for
the lowest order mode. Consequently, it is interesting to track the coupling to each cladding mode
during the cladding diameter reduction, in order to stop the process at the highest sensitivity.

2. Materials and Methods

In Figure 1 the experimental setup is depicted. Light from a broadband source (Agilent 83437A)
is launched into one end of the fiber where the grating is written. The second end is connected to an
Agilent 86140B optical spectrum analyzer, which monitors the transmission spectrum.

Two devices were explored. For the first one a grating of period 192 pm was written in the core
of PS1250/1500 photosensitive fiber of diameter 125 um from Fibercore, whereas for the second one
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a grating of period 210 pum was written in the core of a SM125(9/80) fiber of diameter 80 pm from
Fibercore. The length of device 1 was 19 mm, whereas the length of device 2 was 7.5 mm. The purpose
of comparing two fibers of different diameter was to observe if a better performance is observed for
the device with diameter 80 um, because less imperfections during the etching process should be
induced than in a standard fiber with 125 um diameter. The fiber is introduced in a cuvette with two
narrow grooves that permit the hydrofluoric acid introduced in it to attack the fiber and not to escape
from the cuvette. The fiber must be maintained straight during the etching process.
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Figure 1. Experimental setup.

3. Results

In Figure 2a, the resonance wavelength (minimum transmission) is tracked with a Matlab based
algorithm during the etching process of an LPFG of period 192 um and diameter 125 pm.
The spectrum nearly at the end of the etching process (minute 58.5) is shown in Figure 2b. Several
attenuation bands are present at the final spectrum (coupling to LPos mode). This agrees with the
zig-zag shift corresponding to LPos attenuation band in Figure 2a. However, in view that the
dispersion turning point of this LPFG is centered around 1600-1700 nm, only the left band should be
visible. This problem can be avoided with an etching process that departs from an LPFG in a fiber of
80 um diameter.

(a) Wavelength shift of attenuation bands during etching (b) spectrum after etching (58.5 minutes)
, ; 0
LPp 11 Lp
L 0,10 4
1600 - L s oy | P i 2
T : \ LPos Pos LPoa LPgs3 o
£15001 ] Y 3 4
s :
£ 1400 N 4 -
ko £
2 2
= 1300 H st
i
10
1200} .
, , ‘ ‘ V. | 2
0 10 20 30 40 50 60 1200 1300 1400 1500 1600
Time (minutes) Wavelength (nm)

Figure 2. (a) Tracking of the attenuation bands in an LPFG with initial diameter 125 um during etching
process; (b) Spectrum at minute 58.5 corresponding with coupling to LPos cladding mode (the left
band of the DTP is spread into three bands).
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The period used for this LPFG was 210 um, (DTP is centered around 1500-1600 nm). No zig-zag
shift is observed during the etching process in Figure 3a. Moreover, the spectrum at the end of the
etching process is shown in Figure 3b, where no additional bands apart from the left and right band
of the DTP are created. This indicates that the etching process is more uniform.

(a) Wavelength shift of attenuation bands during etching (b)  spectrum after etching (38 minutes)
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Figure 3. (a) Tracking of the attenuation bands in an LPFG with initial diameter 80 um during etching

process; (b) Spectrum corresponding with coupling to LPos (no spreading of the left and right
attenuation band of the DTP is observed).

In Figure 4 we compare the sensitivity of the LPFG with initial diameter 80 um with the
sensitivity of the LPFG with initial diameter 125 pm. To this purpose, the LPFG was etched up to a
diameter that is close to the DTP. In Figure 4a there is still one band at 1400 nm and a lateral band at
1575 nm due to the not perfect etching with this structure. Nonetheless, the wavelength shift that can
be observed from water (refractive index 1.321) to 20% glycerol solution (1.351), is 53 nm
(1767 nm/RIU) in the 125 um fiber and 36.5 nm (1217 nm/RIU) in the 80 pm fiber, which indicates the
ability of both structures to be used as refractive index sensor with high sensitivity; more than two
times higher than that obtained with soft etched optimized LPFGs working at DTP [7].

(a) LPFG with initial diameter 125 pm (b)  LPFG with initial diameter 80 pm
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Figure 4. Wavelength shift as a function of refractive index for both 125 and 80 pm LPFGs.

4. Discussion and Conclusions

The results presented here prove that it is possible to etch LPFGs with hydrofluoric acid up to
the moment when the attenuation band corresponding to LPo3 is visible in the optical spectrum.
According to [5,6] this band is present for a cladding diameter of 30 um. LPo2, the last band that can
be monitored, could be observed with a higher etching. However, the fiber is so thin that this may
compromise the stability of the measurements. That is why it was decided to stop at LPo3, where a
high sensitivity is obtained without a compromise in the stability of the measurements.
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Two fibers of diameter 125 and 80 pm where compared and the etching process in the 125 pm
device lead to the generation of several bands for each expected band. This effect is attributed to the
fiber cross section, which is not completely round in a fiber reduced from 125 to 30 um, as it has been
proved in [8], whereas the etching from 80 to 30 um is softer and, consequently, the double band in
DTP mode (see Figure 4b) is visible without the interference of additional bands.

In any case the sensitivity of the bands obtained with both fibers of cladding diameter 125 and
80 pum is similar, which indicates that both devices can be used for sensing purposes, especially in the
domain of chemical and biological sensors, where a high sensitivity is required.
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