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A Comparative Study of Refractive Index Sensors Based on
Bare TFBG and SPR-TFBG
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(School of Control Science and Engineering., Shandong University. Jinan, Shandong 250061, China)

Abstract The refractive index sensing principle of tilted fiber Bragg grating (TFBG) and tilted fiber Bragg grating
with surface plasmon resonance (SPR-TFBG) is provided. The transmission spectrum and reflection spectrum of
TFBG with 8 tilt angle and 1550 nm central wavelength are given. After that, refractive index sensing experiments
are carried out using bare and gold deposited TFBG, respectively. The results prove that the deposited gold layer
improves the refractive index sensitivity dramatically.
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1 Introduction

Tilted fiber Bragg grating (TFBG) and uniform fiber Bragg grating (FBG) both belong to the short period fiber
grating of which the grating period is several hundreds of nanometers-~* . The difference between them is that the
grating plane of the TFBG is not parallel to the cross section of the fiber but tilted by an angle.

The structure difference between TFBG and FBG leads to the distinct differences of their spectra. Only the
Bragg resonance peak can be observed in the reflection spectrum of FBG™**®'. However, the tilted grating planes
could couple the incident light to a contra-propagating core mode as well as a series of contra-propagating cladding
modes distributed at discrete wavelengths below the Bragg wavelength™’ . A peak which represents the core mode
can be observed in the reflection spectrum; correspondingly, a notch will present itself in the transmission spectrum.
The contra-propagating cladding modes attenuate rapidly and are therefore not observable in the reflection spectrum
but observed as numerous discrete notches in the transmission spectrum. Specifically, several low order cladding

7. TFBG has been studied as refractive index sensor, strain sensor

modes would fold up to form a strong ghost mode
with temperature compensation. micro-bend sensor. vibration sensor and so on in recent years*~" . The constructed
refractive index sensor by TFBG with surface plasmen resonance (SPR) has also been put forward by Carleton

University researching group™ .
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In this paper, we carry out a comparative study of refractive sensors based on bare TFBG and SPR-TFBG.
Experimental results show that gold deposited SPR-TFBG has a significantly improved sensitivity for refractive index
measurement.

2 Sensing principle

The schematic of a TFBG is shown in Fig.1. The grating plane is tilted by an angle 0 to the cross section of the
fiaer core.

Fig.1 TFBG with a tilt angle 8 in the core of SMF

The reflection and transmission spectra of TFBG with
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TFBG of which the effective refractive index is influenced by
the surrounding refractive index (SRI), it can be predicted Fig.2 Transmission and reflection spectra of TFBG
that the wavelength of cladding modes will shift with the

SRI. The expected wavelength can be expressed as
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where Angy is the variation of SRI. The effective refractive index of the fiber core and the grating period will not
change as the SRI changes, thus, 9nl; ./dnga = 0, JA/Ing = 0. Equation (2) can be simplified to
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Total internal reflection (TIR) of the cladding modes can be achieved at the interface between the cladding of
TFBG and the surrounding material, so it is convenient to exploit TFBG to construct a SPR refractive index sensor by
depositing a layer of gold at the surface of the bare TFBG. As the incident light propagates in the TFBG, a part of the
light will be coupled to the cladding to form the cladding modes. These cladding modes hit the interface between the
cladding and the metal film at different angles and stimulate the surface plasmon wave (SPW) at the exterior surface
of the metal film. As a result of SPW, a SPR peak will present itself in the transmission spectrum of TFBG-SPR.
When the refractive index of the SRI changes, the wavelength of the resonance peak will shift.

i —
AA(’M(] JSRI 7

3 Experiments and results
3.1 Optical circuit of experiments

The experimental optical setup is demonstrated in Fig.3. The bare TFBG and SPR-TFBG would be placed in the
sample tank respectively. Here, SPR-TFBG was fabricated with 50 nm gold coating in a very simple vacuum
sputtering deposition system. The used optical source was C + L band amplified spontaneous emission ( ASE)
broadband light source (BBS) of which the spectrum ranges from 1525 to 1610 nm. The used optical spectrum
analyzer (OSA) was AQ6317B.
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SPR-TFBG sensor

o

Fig.3 Experimental optical circuit and picture

3.2 Process of experiments

A group of sucrose solution with different concentrations was prepared for the refractive index sensing
experiment. The mass concentrations of the solutions were 11. 1%, 20. 0%, 27.3%, 33.3% and 38. 5%,
respectively. According to Ref.[ 6], the refractive indices of the solutions can be calculated as shown in Table 1.
Meanwhile, the refractive indices of different solutions were tested via WYA-Z Abbe refractometer. The sucrose
solutions with different concentrations were added to the sample tank successively in an ascending order to keep in
close touch with the surface of the bare TFBG or SPR-TFBG”"*, and then the spectra were saved to be used as raw
data. The bare TFBG or the SPR-TFBG and the sample tank must be cleaned thoroughly before the solution is added
to the tank. The room temperature and the temperature of the solutions must be constant during the experiment

process.
Table 1 Relation between solution concentration and refractive index
Mass concentration (20 C) /% Refractive index (20 C, 589 nm)

0 1.333
11.1 1.350
20.0 1.364
27.3 1.376
33.3 1.387
38.5 1.397

3.3 Experiment result of bare TFBG

Figure 4 demonstrates the spectrum evolution of a cladding mode at the wavelength 1530 nm of the bare TFBG
as the surrounding refractive index varies from 1.333 to 1.397. It is obvious that the central wavelength of the
cladding mode shifts to the long wavelength direction as the surrounding refractive index increases.

Figure 5 is a quantitative description of the relation between the central wavelength of the cladding mode and the
refractive index of the sucrose solution, which shows that the bare TFBG is sensitive to the solution refractive index
with a relatively low sensitivity of 2.16 nm/RIU (RIU means refractive index unit) .
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3.4 Experiment result of SPR-TFBG

Figure 6 demonstrates the spectrum evolution of the SPR-TFBG as the surrounding refractive index varies from
1.333 to 1.397. It is obvious that the SPR wavelength of the SPR-TFBG sensor shifts to the long wavelength
direction as the surrounding refractive index increases.

Figure 7 is a quantitative description of the relation between the SPR wavelength of the SPR-TFBG sensor and
the refractive index of the sucrose solution, which shows that the SPR-TFBG sensor is very sensitive to the solution
refractive index with a much higher sensitivity of 698.77 nm/RIU than that of the bare TFBG.
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4 Conclusion

Refractive index sensing experiments were conducted to compare the sensing characteristics of the bare and gold
deposited TFBGs™ ). The results show that the gold deposited TFBG possesses much higher sensitivity than the
bare one. The sensitivity of the gold deposited TFBG can be up to 698.77 nm/RIU, which is 323 times larger than
that of the bare TFBG.
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