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Production of fiber optic temperature
sensors

Overview
Optical Fiber Sensors for High-Temperature Monitoring: A ReviewFiber-optic high-
temperature sensors are gradually replacing traditional electronic sensors.

Key Takeaways
Fiber optic temperature sensors can be fabricated using silicon-tipped Fabry-Perot
interferometers bonded to optical fibers via aerogel-assisted glass soldering with
precise laser heating.

Sensor Design and Principle

Fiber optic temperature sensors often utilize a Fabry-Perot interferometer (FPI)
configuration, where a small silicon diaphragm is attached to the tip of an optical
fiber. The silicon diaphragm acts as a reflective cavity, and its thermo-optic
properties—high refractive index and large thermo-optic coefficient—enable high-
sensitivity temperature measurements. These sensors are compact, immune to
electromagnetic interference, and suitable for high-speed and high-precision
applications in aerospace, metallurgy, and medical monitoring.

Conventional Fabrication Methods
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Traditional fabrication involves vacuum deposition techniques such as e-beam
evaporation, sputtering, or chemical vapor deposition to deposit thin polycrystalline
silicon films (< a few micrometers) directly onto the fiber end face. While this method
provides high-temperature capability, it often results in short cavity lengths, limiting
temperature resolution. Other bonding methods like UV epoxy or direct fusion
bonding have limitations, including low temperature tolerance or stringent diameter
requirements.

Aerogel-

Assisted Glass Soldering Method

A more advanced approach involves bonding a silicon diaphragm to the fiber tip
using glass powders with tailored melting points, assisted by an aerogel substrate
and 980 nm laser heating. Key steps include: Preparation of the silicon diaphragm
(coated or uncoated) and fiber tip. Placement of glass powders between the
diaphragm and fiber tip.

Localized laser heating delivered through an optical fiber to melt the glass powders,
forming a strong bond. Temperature monitoring using a 1550 nm white-light system
to ensure precise control and prevent thermal damage. Use of aerogel substrate to
reduce thermal loss and improve heating efficiency, allowing bonding at lower laser
power and in open space for convenient optical alignment.

This method allows fabrication of both low-finesse and high-finesse FPI sensors,
achieving temperature resolutions as fine as 0. 07 mK for high-finesse sensors and 0.
35 mK for low-finesse sensors.

The flexibility of glass powders with different melting points enables high-
temperature resistance and compatibility with various diaphragm sizes.

Advantages

High precision and sensitivity due to silicon's thermo-optic properties. Compact and
robust design, suitable for harsh environments. Reduced thermal perturbation during
fabrication thanks to precise laser heating and aerogel insulation.

Flexibility in operating temperature by selecting appropriate glass solder
compositions. Open-space fabrication allows easier optical alignment and reduces
risk of thermal damage.

Applications

These fiber optic temperature sensors are widely used in: Aerospace and aviation for
turbine and combustion chamber monitoring. Metallurgical industry for real-time high-
temperature measurements. Medical applications for precise body temperature
monitoring.
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Nuclear and energy sectors where electromagnetic interference immunity is critical.
In summary, aerogel-assisted glass soldering with laser heating represents a
breakthrough in the fabrication of silicon-tipped fiber optic temperature sensors,
combining high precision, thermal stability, and flexibility for advanced sensing
applications.

Article Content

Optical Fiber Sensors for High-Temperature Monitoring: A Review

Fiber-optic high-temperature sensors are gradually replacing traditional electronic
sensors due to their small size, resistance to electromagnetic interference, remote
detection, multiplexing, and distributed

Temperature Measurement Using Optical Fiber

Abstract The paper deals with the overview of fiber optic methods suitable for
temperature measurement and monitoring. The aim is to evaluate the

Optical Fiber Based Temperature Sensors: A Review

Recognizing the major developments in the field of optical fibers, this article provides
recent progress in temperature sensors utilizing several sensing

Fiber Optic Temperature Sensing and Measurement

High-definition temperature sensing based on the natural Rayleigh backscatter in
optical fiber delivers a virtually continuous line of temperature measurements

Sub-millisecond response fiber-optic temperature sensor based on ...

In this work, we propose a silicon-based short-cavity FPI fiber-optic temperature
sensor, utilizing micro-electromechanical systems (MEMS) technology and fiber-
waveguide coupling

A low-cost fiber-optic temperature sensor utilizing integrated sensing ...

To address this, an integrated fiber-optic sensing approach is presented. A tapered
fiber segment is employed to generate leaky-mode speckle patterns, with geometric
parameters and a

Optical Fiber Sensors for High-Temperature Monitoring: A Review

This paper reviews the sensing principle, structural design, and temperature
measurement performance of fiber-optic high-temperature sensors, as well as recent
significant progress in the...

Chip-based high-precision fluorescent fiber-optic temperature sensor
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In this paper, a chip integrating both readout circuit and LED driver is designed and
fabricated in 0.18-µm CMOS process. Based on this chip, an integrated fluorescent
fiber-optic

DTSX200 Distributed Temperature Sensor

What Is Distributed Temperature Sensing? Distributed temperature sensing (DTS)
measures temperature distribution over the length of an optical fiber cable using

DTSX1 Fiber Optic Heat Detector | Yokogawa Electric Corporation

DTSX1 fiber optic heat detector stores the functions required for heat detection in
one box. DTSX1 analyzes the temperature data with high accuracy by measuring with
fiber optic sensor cable and

Optical Fiber Sensors for High-Temperature Monitoring: A Review

High-temperature measurements above 1000 °C are critical in harsh environments
such as aerospace, metallurgy, fossil fuel, and power production. Fiber-optic high-
temperature sensors are gradually

ODiSI 6000 Distributed Sensing | Luna

The ODiSI 6000 Series products are multichannel high-definition fiber optic sensing
(HD-FOS) interrogators. Working with sensors based on low-cost unaltered optical
fiber and operating on the

Fiber optic sensor | PDF

Fiber optic sensors have many advantages over traditional electronic sensors such as
immunity to electromagnetic interference, small size, and ability to operate in
hazardous environments. They

Fiber Optic Sensors | KEYENCE America

Fiber optic sensors are compact because the detection circuit is located in the
amplifier, allowing for detection even in narrow spaces. Installation and

Luna Innovations | Fiber Optic Sensing and

Luna fiber optic sensing and measurement systems help design, build and maintain
products and processes for aerospace, energy, and more. Explore solutions now.

Distributed Fiber Optic Sensing for Structural Health Monitoring

Enhance your Structural Health Monitoring using advanced Distributed Fiber Optic
Sensing Interrogators. Get real-time, high-resolution strain and temperature data with
reliable performance.

Optical Fibers & OEM Fiber Assemblies | CeramOptec
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Optical fiber solutions for applications from high temperature to radiation, harsh
chemical environments, laser light transmission, sensing, spectroscopy – made for
outstanding performance

Distributed Acoustic Sensing (DAS) | C-OTDR | AP Sensing

Distributed fiber optic acoustic sensing systems respond to various parameters,
including acoustic signals (such as vibrations or sounds), changes in temperature,
strain, and pressure.
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