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Miniaturized Fiber Inline Fabry-Pérot Interferometer for Chemical 
Sensing 

 
Tao Wei and Hai Xiao 

Dept. of Electrical and Computer Eng., Missouri University of Sci. and Tech., MO, USA 65409            

ABSTRACT 

This paper demonstrates the chemical sensing capability of a miniaturized fiber inline Fabry-Pérot sensor fabricated by 
femtosecond laser. Its accessible cavity enables the device to measure the refractive index within the cavity. The 
refractive index change introduced by changing the acetone solution concentration was experimentally detected with an 
error less than 4.2×10-5. 

Keywords: Fabry-Pérot interferometer, femtosecond laser, fiber-optic sensor, refractive index measurement.  
 

1. INTRODUCTION  
Accurate refractive index measurement based optical sensing devices have raised a growing interest in recent years due 
to their broad applications in chemical and biological sensing. Preferably, these devices shall have a small size, high 
sensitivity, fast response time and large dynamic range. Many existing devices operate based on evanescent field 
interactions. Examples include long period fiber gratings, [1] chemically etch-eroded fiber Bragg gratings, [2] optical 
microresonators/microcavities, [3] fiber surface plasmon resonance (SPR) devices, [4] photonic crystals, [5, 6] etc. In 
general, these devices have shown high sensitivity for refractive index measurement. Characterized as the resonance 
wavelength shift in response to refractive index changes, it has been reported that LPFGs can provide a sensitivity as 
high as 6000nm/RIU (refractive index unit) while microresonators can reach 800nm/RIU. [7] However, the evanescent 
field-based devices have a nonlinear response to refractive index, meaning that the sensitivity varies at different 
refractive index ranges. The dynamic range of refractive index measurement is also limited. In addition, many existing 
devices have shown large temperature cross sensitivity. As a result, temperature induced errors need to be corrected in 
real time.  

Low finesse fiber Fabry-Perot interferometers (FPI) have been widely used as optical sensors. In a fiber FPI, the phase of 
the interference signal is linearly proportional to the optical length of the cavity, defined as the product of the cavity 
length and the refractive index of the medium filling the cavity. When exposed to the external environment, a FPI cavity 
can be used to measure the refractive index by tracking the phase shift of the interference signal [8] However, so far 
fiber FPIs have not been widely used for refractive index sensing, mainly because they have been commonly made with 
a sealed cavity. [9-11] As a result, their applications have been limited to the measurement of physical parameters such 
as pressure, strain and temperature, etc. Very recently, we successfully fabricated a miniaturized fiber inline FPI by one-
step machining of a micro-notch on a single mode optical fiber using a femtosecond (fs) laser. [12] The all-glass, inline 
FPI has small temperature dependence and more attractively, an open cavity that is accessible to the external 
environment. In this letter, we report our experimental investigations on its capability for temperature-insensitive 
refractive index sensing. 

2. SENSOR FABRICATION 
The device fabrication was carried out using a home-integrated fs laser 3D micromachining system as schematically 
shown in Fig. 1. The repetition rate, center wavelength and pulse width of the fs laser (Legend-F, Coherent, Inc.) were 
1kHz, 800nm and 120fs, respectively. The maximum output power of the fs laser was approximately 1W. We used the 
combination of waveplates and polarizers to reduce the laser power to about 20mW, and then used several neutral 
density (ND) filters to further reduce the laser power to desirable values. The attenuated laser beam was directed into an 
objective lens (Olympus UMPLFL 20X) with a numerical aperture (NA) of 0.45 and focused onto the single mode 
optical fiber (Corning SMF 28) mounted on a computer-controlled five-axis translation stage (Aerotech, Inc.) with a 
resolution of 1µm.  



 
 

 
 

During fabrication, the interference signal of the fiber FP device was continuously monitored. A tunable laser source (HP 
8168E) was connected to one of the input ports of the 3dB fiber coupler. The output port of the coupler was connected to 
the device under fabrication. Controlled by the computer, the tunable laser continuously scanned through its wavelength 
range (1475-1575nm) at the rate of 1nm per step. The signal reflected from the device at each wavelength step was 
recorded by an optical power meter (Agilent 8163A). The fabrication was stopped after a well-formed interference 
pattern was recorded. 

 

 
Fig. 1. Fiber inline FPI device fabrication system using a fs laser 

  

Fig. 2 shows the structural schematic and the scanning electron microscope (SEM) image of the fabricated fiber inline 
FPI device. The cavity length was about 60µm as estimated from the SEM image. The depth of micro-notch was around 
72 µm, just passing the fiber core. The FP cavity was made very close (~2mm) to the end of the fiber. With such a short 
bending arm, the chance of bending induced device breakage is small. The interference spectrum of the device in air is 
shown in Fig. 3. The background loss of this particular device was about 20dB. The interference spectrum indicated a 
fringe visibility of about 5dB, which is sufficient for most sensing applications. 

 
Fig. 2. Structural schematic and SEM image of the fiber FPI fabricated by fs laser micromachining. 

 

Due to the low reflectivity of the laser-ablated surface, multiple reflections have negligible contributions to the optical 
interference. The low finesse FP device can thus be modeled using the two-beam optical interference equation [13]: 

                          (1) 

where, I is the intensity of the interference signal; I1 and I2 are the reflections at the cavity surfaces, respectively; ϕ0 is 
the initial phase of the interference; L is the length of the cavity; n is the refractive index of the medium filling the 
cavity; λ is the optical wavelength in vacuum.  



 
 

 
 

According to Eq. (1), the two adjacent interference minimums have a phase difference of 2π. Therefore the optical 
length of the cavity can be calculated by:     

                                 (2) 

where λ1 and λ2 are the center wavelengths of two adjacent valleys (Fig. 3) in the interference spectrum. The length of 
the FP cavity was found to be 63.112µm when we set n to be 1.0008 for air. The calculated value was close to the length 
estimated by the SEM image.  

3. EXPERIMENT AND DISCUSSION 
To evaluate its capability for refractive index measurement, the fiber FPI device was immersed into various liquids 
including methanol, acetone and isopropanol at room temperature. The interrogation of the FPI sensor is shown in Fig. 4. 
A broadband source made by multiplexing a C-band and a L-band Erbium doped fiber ASE (amplified spontaneous 
emission) source was used to excite the device through a 3dB fiber coupler. The reflected interference signal from the 
sensor was detected by an optical spectrum analyzer (OSA, HP70952B). The spectral resolution of OSA was set to 
0.5nm and 1600 data points were obtained per OSA scan. 

The interference spectra are also shown in Fig. 3 for comparison. The interference intensity dropped when the device 
was immersed in liquids as a result of the reduced reflection from the cavity endfaces. However, the interference fringes 
maintained similar visibility. The spectral distance between the two adjacent valleys also decreased, indicating the 
increase of refractive index of the medium inside the cavity. Based on Eq. (1), the refractive indices of the liquids were 
calculated to be: nmethanol = 1.3283, nacetone = 1.3577, and nisopropanol = 1.3739, which were very close to the commonly 
accepted values. 

 

 
Fig. 3. Interference spectra of the FPI device in air, methanol, acetone and isopropanol. 

 

We also studied the device’s capability for temperature-insensitive refractive index sensing by measuring the 
temperature-dependent refractive index of deionized water. As shown in Fig. 4, the fiber device was attached to the tip 
of a thermometer and immersed into deionized water in a beaker. The beaker is placed in a large container for water/ice 
bath and the container was placed on a stirring/hot plate (Corning PC-420D). A magnetic stirrer was also used to 
equilibrate the temperature during experiment. The system was first heated till the water inside the beaker reached 90oC 
read from the thermometer. Then the heater was turned off to allow the system to cool down smoothly while the 
interference spectrum was recorded at every degree of temperature dropping. Ice was added into the water bath container 
to help cooling the system at low temperatures. The measurement ended till the temperature inside the beaker reached 
3oC. 



 
 

 
 

 

 

 
Fig. 4. Experimental setup for refractive index measurement. 

 

Fig. 4 shows the measured refractive index of water as a function of temperature. As the temperature increases, the 
interference fringe shifts to a shorter wavelength indicating the decrease of the refractive index of water. Assuming a 
constant cavity length over the entire temperature range, we calculated the refractive index change based on the linear 
proportional relation between the amount refractive index change (Δn) and the wavelength shift (Δλv) of a particular 
interference valley, given by  

                                                                 (3) 

where λv is the wavelength of the specific interference valley. 

 

 
Fig. 5. Measured refractive index of deionized water as a function of temperature. 

 
The measured refractive index of water as a function of temperature, shown in Fig. 5, agreed well with the previously 
reported measurements. [14] According to equation (3), the sensitivity for measurement of refractive index of water is 
estimated to be 1163nm/RIU at the wavelength of 1550nm. Given a spectral resolution of 10pm of the OSA, the 
detection limit was about 8.6×10-6 RIU.   

We also conducted an experiment to evaluate the temperature cross sensitivity of the sensor. A temperature variation 
from 20 to 100oC in air caused a wavelength shift less than 0.1nm of the interference fringe. Without temperature 



 
 

 
 

compensation, the maximum temperature-induced error was estimated to be 9.4×10-5 RIU for water refractive index 
measurement within the temperature range of 3 to 90°C [15]. 

4. CONCLUSION 
In conclusion, we demonstrated a fiber inline FPI device with open cavity fabricated by one-step fs laser 
micromachining for highly sensitive refractive index measurement. The device was evaluated for refractive index 
measurement of various liquids and the results matched well with the reported data. The inline fiber FPI was also tested 
to measure the temperature-dependent refractive index of deionized water from 3 to 90°C with a sensitivity of 
1163nm/RIU. The maximum temperature-induced error was 9.4×10-5 RIU within the entire temperature variation range. 
The small size, all-fiber inline structure, small temperature dependence, linear response, high sensitivity, and most 
attractively, an open cavity that is accessible to the external environment, make the new fiber inline FPI an attractive 
refractive index sensor that has many applications in chemical and biological sensing.  
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