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Chapter 1 
Introduction 

 
1.1 Fiber Optic Sensor Technology 

The world of fiber optic sensors lies at the intersection of fiber optic communication and 

optoelectronics.  Fiber optic sensors offer many advantages over conventional electrical 

or electromechanical sensors.  First, optical fiber is a dielectric, so it is not subject to 

interference from electromagnetic waves that might be present in the sensing 

environment. Secondly fiber-optic sensors can function under harsh environment, such as 

high temperature, toxic or corrosive atmospheres where metals or other materials can be 

corroded. In addition, semiconductor based photodectctors and laser diode sources are 

usually small and light, so fiber-optic sensors are useful as sensing devices for wider 

range of physical and chemical phenomena that include temperature, pressure, acoustic 

field, position, rotation, electrical current, liquid level, biochemical composition, and 

chemical concentration.  Indeed, fiber-optic sensors can perform the functions of virtually 

any conventional sensor and even faster and with greater sensitivity.  Particularly, they 

can perform measurement tasks that would be impracticable with conventional sensors. 

For instance, they can be embedded in critical structures, such as airplanes and bridges, 

reporting continuously on structural integrity, and possibly averting a catastrophic failure.    

 

The numerous advantages of fiber-optic sensors will ensure that they continue to attract 

research funding for their further development.  Even more noteworthy is the fact that 

commercially available fiber optic sensors are increasing.  It is a promising field with 

clear advantages over conventional sensors in certain applications.    

 
1.1.1 Fiber Optic Sensor Categories 
 
Nearly all of the physical parameters of interest and a very large number of chemical 

quantities can be sensed optically with fibers.  The following is a list of these parameters 

and quantities: 

• Temperature; 
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• Pressure; 

• Flow; 

• Strain; 

• Vibration; 

• Displacement (Position); 

• Rotation; 

• Magnetic Fields;  

• Electric Fields; 

• Acoustic Fields 

• Acceleration; 

• Chemical Species;  

• Force; 

• Radiation; 

• Humidity; 

• Liquid Level; 

• Velocity; 

The measurement techniques can be broadly grouped in three categories depending on (a) 

how the sensing is accomplished, (b) the physical extent of the sensing, and (c) the role of 

the optical fiber in the sensing process. 

 

Means of sensing 

In this category, an external perturbation is measured by changing one of the terms in the 

electric field expression: ( ) cos[ ( )]E t t tϖ φ+ , where ( )E t is amplitude of the field, 

ϖ (=2πc/λ) is frequency, and ( )tφ is field’s time varying phase.    Sensors based on 

varying intensity or amplitude changes are termed intensity-modulated sensors. Examples 

of intensity-modulated sensors are optical fiber micro-bending sensors. Sensors based on 

observing changes in wavelength to detect the sensing function are termed wavelength 

modulated sensors.  Examples of wavelength modulated sensors are Bragg grating and 

long period grating sensors.  Sensors based on phase changes in the light beams by 
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causing them to interact or interfere with one another are termed phase-modulated 

sensors. Examples of phase-modulated sensors are interferometric sensors.  Sensors 

based on the Faraday effect and the photoelastic effect are termed polarization-modulated 

sensors. Polarization-modulated sensors are used to measure electrical or magnetic field 

with the typical application of the measurement of the electrical current.  In Chapter 2, 

we will use this category to analyze how these types of fiber optic sensors are used for 

pressure measurement. 

Extent of sensing 

This category is based on whether sensors operate at a single point or over a distribution 

of points. Thus, sensors in this category are termed either point sensors or distributed 

sensors. In the case of a point sensor, the sensor may be at the one end of a fiber. The 

fiber brings a light beam to and from this sensing point or fiber end itself is a part of the 

sensor.  Examples of this sensor type are interferometers bonded to the ends of fibers to 

measure temperature and pressure. In the case of a distributed sensor, sensing is 

performed all along the fiber length. Examples of this sensor type are fiber Bragg 

gratings distributed along a fiber length to measure strain or temperature. 

Role of optical fiber 

Sensors in this category can be grouped as either extrinsic or intrinsic sensors. If the 

transmit/receive light conducts with signal modulation occurring outside of the fiber and 

the role of fiber is to transmit the sensed quantity, the sensors are termed extrinsic 

sensors. If an external perturbation directly interacts with the fiber and the sensors are 

embedded in or are part of the fiber -- and for this type there is often some modification 

to the fiber itself -- the sensors are termed internal or intrinsic sensors. Extrinsic sensors 

have been used to measure temperature, pressure, liquid level, and flow in process control 

and to monitor linear and angular position in aircraft fly-by-light operations.  Intrinsic 

sensors have been used to make rotation, acceleration, strain, acoustic, and vibration 

measurements.   
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1.1.2 Barriers and opportunities 
 
Barriers 
There are many barriers to widespread implementation of optical sensor technology. [1]   

In some areas, such as process control, there are conventional sensor technologies, which 

are well developed, and often cost effective. High quality package, and fabrication 

facilities, and short testing cycle make conventional sensors more easily to be 

commercialized.   The advantage of fiber optic sensor, such as immunity to EMI and high 

sensitivity cannot be sufficient to replace these conventional technologies.    

 

Cost is another obstacle to adapting of fiber optic sensors. Electro-optic interface, optical 

components of high accuracy, or components specially used in fiber optic sensors other 

than fiber optic communication are expensive.  Fiber optic sensors are chosen unless 

conventional sensors are more expensive or cannot function in some harsh environments. 

 

Noise and drift problems can be obstacles though these problems can be solved at some 

cost. Because fiber optic sensors have a potential for high accuracy, they are sensitive to 

noise and drift coming from light sources and other factors.   

 
Opportunities 
 
There are areas in which conventional sensors are either very expensive or cannot 

perform well, especially in harsh environment, such as magnetic field sensing, gyroscope, 

chemical analysis and applications in oil and gas wells.  A good example is to measure 

physical parameters in engine. The temperature in engine can exceed 800°C.  

Conventional sensors can only withstand 420°C. Conventional sensors also suffer the 

sparks generated by engines.  In this case, fiber optic sensors can exhibit benefits of high 

accuracy, and capability of operation in high temperature and harsh environment.  

The maturation of fiber-optic technology and the advances in material science, 

microelectromechnical systems will, over time, expand the applications of fiber-optic 

sensors as the cost of components declines and component performance improves.  And 
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with the drive toward automation by manufacturing facilities all over the world, the many 

inherent advantages of fiber-optic sensors portend a major role for them in the future. 

1.2 Microelectromechanical Systems 
 
Micromachining and microelectromechanical system (MEMS) technologies can be used 

to produce complex structures, devices, and systems on the scale of micrometers or 

nanometers.  MEMS techniques were initially adopted from integrated circuit (IC) 

processing and batch fabrication techniques, but now many unique MEMS-specific 

micromachining processes are being developed.  The miniaturization of nearly all other 

types of devices and systems offers an even greater opportunity for commercial profit and 

beneficial technological advances.  However, instead of the traditional evolutionary 

engineering effort to reduce size and power while simultaneously increasing the 

performance of such diverse set of systems, the field of microelectromechanical system 

represents an effort to radically transform the scale, performance, and cost of these 

systems by employing batch-fabrication techniques and the economies of scale 

successfully exploited by the IC industry.  

 
1.2.1 What’s MEMS 
 
MEMS stood originally for Micro-ElectroMechanical System microscopic mechanical 

elements,for use as sensors, actuators, and other devices, fabricated on silicon chips by 

techniques similar to those used in integrated circuit manufacture.  Today, almost any 

miniaturized device (based on Si technology or traditional precision engineering, 

chemical or mechanical) is referred to as a MEMS device. [2] Other names for this general 

field of miniaturization include Microsystems technology (MST), popular in Europe, and 

micromachines, popular in Asia. [3] 

 
MEMS and IC 
 
MEMS is the integration of mechanical elements, sensors, actuators, and electronics on a 

common silicon or glass substrate through the utilization of microfabrication technology. 

While the electronics is fabricated using integrated circuit (IC) process sequences (e.g., 

CMOS, Bipolar, or BICMOS processes), the micromechanical components are fabricated 
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using compatible "micromachining" processes that selectively etch away parts of the 

silicon wafer or add new structural layers to form the mechanical and electromechanical 

devices. Microelectronic integrated circuits (ICs) can be thought of as the "brains" of 

systems and MEMS augments this decision-making capability with "eyes" and "arms", to 

allow microsystems to sense and control the environment. In its most basic form, the 

sensors gather information from the environment through measuring mechanical, 

thermal, biological, chemical, optical, and magnetic phenomena; the electronics 

processes the information derived from the sensors and through some decision making 

capability directs the actuators to respond by moving, positioning, regulating, pumping, 

and filtering, thereby, controlling the environment for some desired outcome or purpose. 
[4]   MEMS established a technological revolution of miniaturization that may create an 

industry that exceeds the IC industry in both size and impact on society. [2]  

 

MEMS and batch fabrication 

MEMS devices manufactured using batch fabrication techniques, similar to volume IC 

manufacturing processes, eliminate many of the cost barriers that inhibit large scale 

production using other less proven technologies. MEMS batch fabrication capacity 

promises unprecedented levels of functionality, reliability, and sophistication can be 

placed on a small silicon chip at a relatively low cost.  By reducing the cost and 

increasing the performance, MEMS technology is enabling new discoveries in science 

and engineering such as the Polymerase Chain Reaction (PCR) micro-systems for DNA 

amplification and identification, the micro-machined Scanning Tunneling Microscopes 

(STMs), biochips for detection of hazardous chemical and biological agents, and micro-

systems for high-throughput drug screening and selection. 

MEMS is a combinative technology 

In addition, MEMS is also an extremely diverse and fertile technology, both in the 

applications it is expected to be used, as well as in how the devices are designed and 

manufactured. [4]  MEMS manufacturing technology is not a uniform science but rather a 

combination of design techniques and knowledge of materials, process, and applications. 
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Processes may vary considerably. For example, the techniques used for wireless may not 

work at all for the development and production of optical communications devices. As 

the field of MEMS is adopted by many disciplines and various advantageous scaling 

properties are exploited, the diversity and acceptance of MEMS will grow.  [2] 

 

Figure 1-1 Components of MEMS    
 (http://mail.memsnet.org/mems/what-is.html) 

MEMS is not only about size and silicon 

Although MEMS devices are extremely small, MEMS technology is not about size. 

Furthermore, MEMS is not about making things out of silicon, even though silicon 

possesses excellent materials properties making it a attractive choice for many high-

performance mechanical applications (e.g. the strength-to-weight ratio for silicon is 

higher than many other engineering materials allowing very high bandwidth mechanical 

devices to be realized). Instead, MEMS is a manufacturing technology; a new way of 

making complex electromechanical systems using batch fabrication techniques similar to 

the way integrated circuits are made and making these electromechanical elements along 

with electronics. [4] 

1.2.2 Why use MEMS technology for optical sensors 
 

MEMS technology has enabled many types of sensors, actuators, and systems to be  

http://mail.memsnet.org/mems/what-is.html
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reduced in size by orders of magnitude, while often even improving sensor performance. 

Historically, sensors and actuators are the most costly and unreliable part of a macroscale 

sensory-actuator-electronics system. In comparison, MEMS technology allows these 

complex electromechanical systems to be manufactured using batch fabrication 

techniques allowing the cost and reliability of the sensors and actuators to be put into 

parity with that of integrated circuits. Interestingly, even though the performance of 

MEMS devices and systems is expected to be superior to macroscale components and 

systems, the price is predicted to be much lower. 

The main reasons that we use MEMS technology in optical sensor fabrication are: 

Advantageous Scaling Properties:  MEMS technology has enabled many types of 

sensors, actuators, and systems to be reduced in size by orders of magnitude, while often 

even improving sensor performance. Some physical phenomena perform much better or 

are more efficient when miniaturized to the micrometer scale. 

Batch Fabrication: With lithographic processes and batch fabrication the cost of 

producing one MEMS device is not much more than the cost to produce many MEMS 

devices. 

 
1.2.3 How to use MEMS in optical sensor fabrication 

MEMS technology is based on a number of tools and methodologies, which are used to 

form small structures with dimensions in the micrometer scale (one millionth of a meter). 

Significant parts of the technology have been adopted from integrated circuit (IC) 

technology, but there are several processes that are not derived from IC technology.  [4] 

 

Figure 1-2 MEMS Process 
(http://mail.memsnet.org/mems/what-is.html) 

 

http://mail.memsnet.org/mems/what-is.html
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MEMS fabrication process is usually a structured sequence of three basic processes, 

which are the ability to deposit thin films of material on a substrate, to apply a patterned 

mask on top of the films by photolithograpic imaging, and to etch the films selectively to 

the mask. 

Deposition 

 
Deposition is a key building block in that it is the ability to deposit thin films of material 
(for subsequent local etching). MEMS deposition technology can be classified in two 
groups: 

1. Depositions that happen because of a chemical reaction:  

o Chemical Vapor Deposition (CVD)  

o Electrodeposition  

o Epitaxy  

o Thermal oxidation  

These processes exploit the creation of solid materials directly from chemical reactions in 

gas and/or liquid compositions or with the substrate material. The solid material is 

usually not the only product formed by the reaction. Byproducts can include gases, 

liquids and even other solids. 

2. Depositions that happen because of a physical reaction:  

o Physical Vapor Deposition (PVD)  

o Casting  

The material deposited is physically moved on to the substrate (a chemical byproduct is 

not created). 

 

Lithography  

Lithography in the MEMS context is typically the transfer of a pattern to a photosensitive 

material by selective exposure to a radiation source such as light. A photosensitive 

material is a material that experiences a change in its physical properties when exposed to 



 
Chapter 1.  Introduction 

 10

a radiation source. If we selectively expose a photosensitive material to radiation (e.g. by 

masking some of the radiation) the pattern of the radiation on the material is transferred 

to the material exposed, as the properties of the exposed and unexposed regions differs. 

In lithography for micromachining, the photosensitive material used is typically a 

photoresist (also called resist, other photosensitive polymers are also used). When resist 

is exposed to a radiation source of a specific wavelength, the chemical resistance of the 

resist to developer solution changes. If the resist is placed in a developer solution after 

selective exposure to a light source, it will etch away one of the two regions (exposed or 

unexposed). If the exposed material is etched away by the developer and the unexposed 

region is resilient, the material is considered to be a positive resist (shown in figure 2a). If 

the exposed material is resilient to the developer and the unexposed region is etched 

away, it is considered to be a negative resist. 

 
Etching Processes 

In general, there are two classes of etching processes: 

1. Wet etching where the material is dissolved when immersed in a chemical 

solution  

2. Dry etching where the material is sputtered or dissolved using reactive ions or a 

vapor phase etchant  

We are using all the above-mentioned MEMS process in sensor fabrication.  Chromium 

is deposited in order to improve the adhesion of the photoresist on the substrate.  Patterns 

are transferred on to fused silica wafer by photolithography process.  Deep pits are 

fabricated by wet etching process.  In Chapter 3, there is more detailed description on 

how these MEMS processes are used in our optical sensor fabrication. 

1.3 Objective 
 
In this research, we try to develop and fabricate a pressure sensor working at high 

temperature (≥ 600°C) with high frequency response (150kHz).  Meanwhile, we try to 
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make the use of MEMS technologies in sensor fabrication in order to shrink the size of 

the sensor and make batch fabrication possible.   


