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A simple and effective method employing a local micro-structured long period fiber grating (LMS-LPFG) for the simul-

taneous measurement of temperature and refractive index is proposed and investigated experimentally. The LMS-LPFG is 

formed by using the partial etching technique with hydrofluoric (HF) acid in a standard LPFG, in which there are discon-

tinuities in the effective refractive index of cladding modes. Similar to the phase shift theory, a narrow passband and two 

stopbands are formed. The temperature and the surrounding refractive index (SRI) characteristics of the two stopbands 

and passband are studied. The temperature sensitivities of the two stopbands and passband are 0.05 nm/°C approximately. 

The SRI sensitivity of passband (-61.56 nm/RIU) is bigger than that of the two stopbands (-35.62 nm/RIU). Thus, with the 

sensitive matrix, we can simultaneously measure the changes of temperature and refractive index. 
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Long period fiber grating (LPFG) has been widely used 

in optical fiber sensing and optical fiber communica-

tion[1]. Even so, LPFG still has some drawbacks, such as 

the discrimination of the cross-sensitivity between the 

surrounding refractive index (SRI) and temperature. 

Scholars did a lot of researches to solve this problem. In 

2005, A. Iadicicco et al[2] made the first local micro- 

structured fiber Bragg grating (LMS-FBG) via partially 

etching the FBG, and thus a passband was produced in 

the stopband, similar to the phase shift grating (PSG). In 

2012, Cao Ye et al[3] achieved a single grating to measure 

the temperature and surrounding refractive index (SRI) 

simultaneously by using the LMS-FBG. Yan Jinhua et 

al[4] demonstrated a new-type LPFG sensor by utilizing 

etching process on a dual-LPFG structure to simultane-

ously measure the SRI and temperature. Zhao Hongxia et 

al[5] proposed a semi-etched LPFG scheme for measuring 

the temperature and strain simultaneously. Similar to the 

LMS-FBG theory, L. R. Chen[6] proposed an approach 

for tuning the response of LPFG based on refractive in-

dex-shifting, and Kun-Wook Chung et al[7] designed a 

reconfigurable phase-shifted long period grating. In this 

paper, we present a new grating structure, which can 

simultaneously measure the liquid’s SRI and tempera-

ture. 

Fig.1 shows the schematic diagram of the LMS-LPFG. 

BC segment is etched by hydrofluoric (HF) acid. AB and 

CD segments are the original gratings. LTH is the length 

of etched area, and DTH is the diameter of etched clad-

ding. In addition, according to the results of the experi-

ment, it is low cost, tunable and with high resolution of 

refractive index. 
 

 

Fig.1 Schematic diagram of the structure of the LMS- 

LPFG 

 

In a standard LPFG, according to the coupled mode 

theory, the phase matching between the core mode and 

the mth forward-propagating cladding mode is achieved 

at resonant wavelengths[8], given by 
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n  are the effective refractive indices 

of the core and the mth cladding mode, respectively, and 

Λ is the period of LPFG. 

The coupled-mode equations of LPFG between the 
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core mode and the cladding modes can be written as 
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where Aco(z) and Acl(z) are the slowly varying amplitudes 

for the core mode and the cladding modes, respectively, 

δ is the phase mismatch, κco-cl is the coupling coefficient, 

and Φ is the grating phase. When the effective refractive 

indices of the cladding modes are discontinuous, we use 

the piecewise uniform approach to express the solution 

to the coupled-mode equations[9]: 
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iβ  are the ith sec-

tion’s propagation constants for the core mode and the 

cladding modes, respectively. For the LMS-LPFG, i=1 

and 3 are for the non-etched grating sections, and i=2 is 

for the etched grating section.  

In Fig.1, BC segment is etched by the HF acid, which 

induces the discontinuities of the cladding refractive in-

dex. According to the phase shift theory[10-13], a narrow 

allowed band will be formed, which is similar to PSG. 

However, unlike the conventional discrete phase shifted 

LPFG, the allowed band is tunable. The phase shift, 

which is related to the deviation of the propagation con-

stant and the length of the defect, can be calculated by 

eff_cl TH

2π
n LΦ

λ
= Δ .                           (6) 

The cladding thickness influences the LPFG’s sensi-

tivity to surrounding material[14-16]. The LPFG can be 

more sensitive to SRI when the cladding’s radius be-

comes smaller. The etched section is much more sensi-

tive to SRI when the LPFG becomes thinner via partially 

etching. 

For this simulation, the induced refractive index 

change in the core region is assumed as 1.8×10-5, and the 

main resonant peak is selected at 1550 nm. The diame-

ters of cladding and core are 125 μm and 8.3 μm, respec-

tively, the grating length is 3.42 cm, and the grating pitch 

is 570 μm. The differential effective refractive index is 

0.0275, LTH is 1 cm and DTH is 97.2 μm. The phase shift 

in the edge of etched region can be calculated as Φ= 

0.98π. 

Through the transmission matrix of MATLAB, the 

spectrum of the LMS-LPFG is obtained as shown in 

Fig.2. 

 

 

Fig.2 Simulation result for transmission spectrum of 

the LMS-LPFG 

 

The sensitivity coefficients are different when the 

shifts of the stopband and allowed band are controlled by 

temperature and SRI. The responses of the LMS-LPFG 

to SRI and temperature can be expressed in matrix form 

as 
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where Δλ1 and Δλ2 are the shifts of the stopband and al-

lowed band, respectively, Δn is the change of SRI, ΔT is 

the change of temperature, KT1 and Kn1 are the thermal 

coefficient and SRI coefficient of stop band, KT2 and Kn2 

are the thermal coefficient and SRI coefficient of allowed 

band, respectively, and D= KT1Kn2–KT2Kn1. 

The LPFG used in our experiment is written by CO2 

laser. The diameters of core and cladding are 8.3 μm and 

125 μm, respectively. The grating pitch is 570 μm, and 

the length of the grating is 3.42 cm. We made the grating 

in the middle of a plastic pipe whose length and radius 

are 1 cm and 0.2 cm, respectively. L1 and L2 are both 

1.21 cm. We injected the HF acid into the plastic pipe, 

whose concentration is 20%. The LMS-LPFG was fi-

nally obtained after etching for about 40 min. The spec-

trum of the LMS-LPFG in experiment is shown in Fig.3. 

We can see from Fig.3 that a narrow passband is 

formed in the middle of the resonant peak, and the peak 

of passband is 1543.60 nm, whereas the peaks of the 

double stopbands are 1539.72 nm and 1548.80 nm, re-

spectively. 

The schematic diagram of the experimental setup for 
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measuring temperature and refractive index simultane-

ously is shown in Fig.4. The left part is for the tempera-

ture measurement, and the right is for the SRI measure-

ment. 

 

 

Fig.3 Experimental transmission spectrum of the 

LMS-LPFG 

 

 

Fig.4 Experimental setup for measuring temperature 

and refractive index simultaneously 

 

For the temperature measurement, the LMS-LPFG is 

placed into the thermostatic heater plate, and then the 

temperature is allowed to rise from 20 °C to 80 °C. The 

shifts of the peaks of double stopbands and passband are 

recorded every 5 °C. The fitted data is shown in Fig.5. 

 

 

Fig.5 Temperature responses of the LMS-LPFG 

 

From Fig.5 we can see that the three peaks all shift to 

the longer wavelength when the temperature is gradually 

increased. The shifts of the peaks of double stopbands 

are both 3.10 nm, and the shift of the passband peak is 

3.08 nm. The temperature sensitivities of the three peaks 

are all 0.05 nm/°C approximately. 

To get the SRI sensitivity of LMS-LPFG, we use a 

commercial Abbe refractometer. By increasing the con-

centration of NaCl, liquid samples with refractive indices 

varying from 1.33 to 1.38 are obtained. Then we place 

the LMS-LPFG into the NaCl solution, and observe the 

wavelength shifts in the optical spectrum analyzer (OSA). 

Fig.6 shows the SRI response of the LMS-LPFG. Obvi-

ously, a blue shift happens to all the three peaks when the 

refractive index is increased. However, the shift of pass-

band’s peak is 2.94 nm which is larger than those of the 

double stopbands’ peaks, which are 1.70 nm and 1.71 nm, 

respectively. The SRI-sensitive coefficients can be cal-

culated by the data fitting, which are 35.62 nm/RIU ap-

proximately for the two reflection peaks and 61.56 

nm/RIU for the transmission peak. 

 

 

Fig.6 SRI responses of the LMS-LPFG 

 

By substituting the coefficients into Eq.(8), we can get 

the relationship between the wavelength shifts and the 

changes of temperature and SRI in the following matrix 

as 
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Therefore, the LMS-LPFG can deduce the changes of 

the liquid’s refractive index and temperature simultane-

ously. 

In conclusion, the influence of the partially etching 

technique in a standard LPFG is described and investi-

gated. We fabricate a novel LMS-LPFG. There are dis-

continuities in the effective refractive index of the clad-

ding modes which induce a narrow allowed band with 

the stopbands. With the thermostatic heater plate and 

NaCl solutions with different concentrations, we obtain 

the thermal coefficients and the refractive index coeffi-

cients of the three peaks. We can achieve the simultane-

ous measurement of SRI and temperature by the 

LMS-LPFG with the unique features. Due to the advan-

tages of easy fabrication, high sensitivity and low cost, 

the proposed LMS-LPFG is convenient for practical use 
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and has potential applications in the chemical and bio-

logical sensing fields. 
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