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When θ is greater than θc=sin-1(n2/n1), the light can be guided. 
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Why fiber sensors attractive? 

• High temperature capability 

• Chemically inert 

• Remote operation 

• Immunity to electromagnetic interference  

• Non-electrically conducting 

• Sensor multiplexing/distributed 
measurement 

 



Overview of CPT Sensor Research 
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Pressure and temperature sensors 
tested in Chevron oil well 

Acoustic sensors (70-250kHz) 
tested in Northfleet 400kV 
transformer 

PHOTONIC SENSORS Fabrication and instrumentation Applications 
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Pressure sensors tested 
on Virginia Tech Engine 

Sapphire fiber temperature sensor 
testing in TECO coal gasifier  
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Intrinsic Fabry-Perot Sensors 
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“Decoding the spectra of low-finesse extrinsic optical fiber Fabry-
Perot interferometers,” Opt. Express, 24, 23727-42 (2011).  
 
“Toward eliminating signal demodulation jumps in optical fiber 
intrinsic Fabry-Perot interferometric sensors,” J. Lightwave Tech. 
29 (13), 1913-9(2011) 
 
“Phase Term in the Spectrogram of SMS-IFPI Fiber Sensor and Its 
Influence on White-Light Interferometry Based Sensor Signal 
Demodulation,” Appl. Opt., 49, 4836 (2010). 
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Presenter
Presentation Notes
For EFPI, fringe visibility is a more important issue, but the additional phase term is less important because it shifts very little during measurement. For IFPI, fringe visibility is typically very high due to beam confinement inside the cavity, but the additional phase term can be very large, which is a potential cause of demodulation discontinuities. 



 Porous Clad Optical Fiber for High 
Temperature Fast Gas Sensing 
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Single-Crystal Sapphire Fiber Sensors 
Silica Fiber Limitations 
1) Thermal diffusion of germanium dopant 
2) Glass creep under stress at elevated temperatures 
3) Max temperature is usually between 800 and 900C.   
 
For higher temperatures, different fibers are needed. 
 
Sapphire Properties 
1) High melting point (2045C) 
2) Excellent optical transparency from near UV to several 

microns 
3) Commercial availability 
 



Sapphire Fiber Temperature Sensor 

Alumina probe 

75µm single-crystal sapphire fiber 100/140µm silica fiber 
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Presenter
Presentation Notes
Now let’s look at the system. It’s the widely used white-light intereferometric system. Light from a wideband LED travels through a 3dB coupler to sensor,
Gets reflected and detected by the spectrometer. Here we use OceanOptics miniature spectrometer.

This is the structure of the sensor head. The sapphire fiber and the wafer are held by a alumina tube by high temperature adhesive.
The sapphire fiber is coupled with 100/140um silica fiber by fusion splicing.

http://www.vt.edu/


IFPI Sensor Test on NETL Engine Rig 



Field Test at Tampa Electric Corporation 
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The sapphire temperature sensor probe has now 
survived more than 110 days in the coal gasifier.



Example Sensors 

350µm 

Laser welding points 

Air gap 

390nm tip 



Wavelength-Scanning TDM 

Important Feature:  Use weak IDENTICAL FBGs. 
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