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ABSTRACT

This thesis presents an analysis of fibre-optic ring resonators (FORR).
Applications of the FORR for optical fibre sensing and optical signal processing

are also analyzed and studied.

First, the steady state response of the FORR is described in detail under
various operating conditions. In practice, the loop phase of the FORR will be
modulated or scanned to force the FORR to go through the resonance condition.
The modulation will affect the steady state behaviour of the FORR leading to
an oscillatory transient response, if the frequency of modulation is high. Such
a dynamic behaviour of the FORR is analyzed when the loop phase of the
FORR is'modulated sinusoidally by a PZT. I_t is shown that when the period
(1/f,) of the modulating voltage waveform, applied to the PZT, becomes
comparablé to the loop delay time. the FORR response deviates from the steady
state response. The upper limit on value éf f -T required for the steady state
response of the FORR is tabulated for different parameters of the FORR.
Experimental results on the FORR are given by using a He-Ne laser source and
a loop length of 225 m for modulation frequencies up to 340 kHz. The experimental

results agree well with the developed theory.

A theoretical dynamic analysis of the FORR is given when the excitation
is provided by a laser diode with its injection current modulated sinusoidally,
thereby producing an optical frequency modulation along with an amplitude
modulation. Simulation results are given for different conditions of the FORR,

namely, modulating frequency f,, amplitude modulation index, power coupling
coefficient of the coupler, loop delay time, and the phase angle between the

FM and AM response of the laser diode.



When the product f.T exceeds a factor of about 0.0002, the output response

of the FORR deviates from the steady state and exhibits an oscillatory behaviour
with overshoots. Interestingly, when the value of f,1 becomes greater than
anity, the response does not show any resonance in the ring and the output
in this case approximates to intensity modulation of the laser diode source. A
method of measuring the FM characteristics of a given laser diode is proposed
by using the FORR. It is shown that both the magnitude and phase responses

of the FM can be estimated.

An optical fibre electric current sensor based on Faraday effect is exper-
imentally built by winding 980 turns of a single mode fibre of length about
200 m around a bus bar. To tackle the polarization problems that arise due to
linear birefringence effect in long fibre of 200 m, an effective method is
proposed to control the polarization state of the output light to remain always
linearly polarized. A noise ;analysis for the sensor system is given. For an
optical output of 17 YW the system could sense a 50 Hz electric current in the

bus bar from 200 mA to 60 A rms.

A theoretical analysis for the FORR (in steady state) is given by assuming
a polarization modulation in the loop fibre. If the change in polarization angle
@ is large the output intensity will have two resonance dips separated by an
angle equal to 20 when the loop phase of the FORR is scanned from 0 to 2n
When 0 is small, the FORR output produces only one resonance dip and the
amplitude of this resonance dip is a measure of 6. By placing a polarizer sheet
at the FORR output a resonance peak in the intensity is produced with an
amplitude that increases with 6. Such a proposed system has potential appli-
cations, for example, in Faraday current sensing with an increased sensitivity,

The effects of birefringence in the loop and the angle of polarization of the



input light are also analyzed and it is shown that the sensitivity of the system
would decrease if a significant amount of birefringence is present in the loop

fibre.

The applications of the FORR for rotation sensing are reviewed. A novel
method for rotation sensing is proposed and analyzed theoretically, where a
resonance spike of variable amplitude in the cystem output gives a measure
of rotation rate. The advantage of the proposed method is that no stabilization
circuit to fix the operating point of the FORR is required and the output is
obtained by simply scanning the loop phase and detecting the peak value of

the resonance spike in a peak-detector circuit.

Also, in this thesis, a theory on optical pulse response of the FORR is
developed for the first time. The theory predicts that the FORR can have
several p&tential applications in optical signal processing. For instance, it is
shown that under steady-state operation with different conditions, the FORR
with an optical input pulse can be employed to perform various tasks such as
differentiation (like an RC ‘circuit in electronics), integration of an optical
pulse, and generation of a sharp optical trigger pulse of strength up to 4
times the input pulse power. The theoretical analysis shows that the FORR can

be used as an optical fibre equalizer.



CONTENTS

CERTIFICATE i
ACENOWLEDGEMENTS i
ABSTRACT x
LIST OF ABBREVIATIONS xiii
LIST OF SYMBOLS XU
LIST OF FIGURES XXV
CHAPTER 1 ]
INTRODUCTION
1.1.  FIBRE-OPTIC RING RESONATOR 1
1,2. HISTORICAL BACKGROUND 3
1.3. IDENTIFICATION OF THE RESEARCH PROBLEMS FOR ) 6
INVESTIGATION
1.3.1. Dynamic Response of FORR 7
1.3.2. Optical Pulse Response Of FORR 8
1.3.3 Optical Fibre Current Sensor 8
1.3.4, FORR In Gyroscope System Applications 11
1.4, STATEMENT OF AIMS OF THE WORK 19
1.5, STATUS OF THE WORK 20
1.6. ORGANIZATION OF THE THESIS 21
CHAPTERD | 24

STEADY STATE RESPONSE OF FIBRE-OPTIC RING

RESONATOR

iv



2.1. INTRODUCTION

2.2, THEORY
2.2.1. Output And Loop Powers Of FORR
2.2.2, Condition For Resonance
2.2.3. Output Power And Loop Power At Resonance
2.2.4, Output Power And Loop Power At Off-Resonance
2.2.5.  Response Of FORR When y,+ 0
2.2.6. Response Of FORR Whena =1 And vy, = 0
2.2.7. Phase Angles Of Output And Loop Fields
2.2.8. Finesse Of FORR
2.2.9. Group Delay Calculation Of FORR

2.3. AN ALTERNATIVE CONFIGURATION OF FORR

2.4. CONCLUSION

CHAPTER 3

DYNAMIC ANALYSIS OF FIBRE-OPTIC RING
RESONATOR

3.1. MRODUCTION

3.2, THEORY OF DYNAMIC BEHAVIOUR OF FORR

3.3. DYNAMIC RESPONSE OF FORR WITH SINUSOIDAL
PHASE MODULATION OF LOOP

3.4. CONDITION FOR THE VALIDITY OF STEADY STATE
RESPONSE

3.5. EXPERIMENTAL RESULTS

3.6. CONCLUSION

24

25

28

29

32

4]

43

Sl

o3

56

o7

63

68

69

69

71

75

77

87



CHAPTER4 88

DYNAMIC ANALYSIS OF FIBRE-OPTIC RING RESONATOR

EXCITED BY A SINEWAVE-MODULATED LASER DIODE

4.1.  INTRODUCTION 88
4.2. THEORY 89
4.3. EFFECT OF MODULATING FREQUENCY (f,) : 95
4.4. EFFECT OF LOOP DELAY TIME () 99
4.5. EFFECT OF AMPLITUDE MODULATION INDEX (k,) 101

4.6. EFFECT OF PHASE ANGLE (.,) BETWEEN FM AND AM

—
D
—

RESPONSE OF LASER DIODE

4.7. EFFECT OF LASER DIODE LINE-WIDTH (l.) 104
4.8. MEASUREMENT OF FM DEVIATION OF A LASER DIODE 106
4.9. CONCLUSION 107

Appendix 4-A 109
CHAPTER 5 113

OPTICAL FIBRE ELECTRIC CURRENT SENSOR BASED

ON FARADAY EFFECT

5.1, INTRODUCTION 113
5.2. THEORY 115
5.2.1. System Response Without Birefringence 115

Effects In The Sensing Fibre
5.2.2, System Response With Birefringence 121
Effects In The Sensing Fibre

5.3. EXPERIMENTAL SET-UP 124



5.4, SIGNAL TO NOISE RATIO CONSIDERATION
5.4.1. Laser Coupling Noise Induced By Vibration
5.4.2. Noise Due To Vibration-Induced Polarization
Change
5.4.3. Relative Intensity Noise Of Laser
5.4.4. Shot Noise Due To dc Signal And Dark Current

5.4.5. Thermal Noise

5.4.6.  Amplifier Noise

5.4.7.  Flicker (1/f) Noise

5.4.8. 50 Hgz Pick-Up Noise

5.4.9. Expression For Signal To Noise Ratio

5.5, CONCLUSION

Appendix 5-A

CHAPTERé

131

131

132

132
133
133
134
134
134
135

135

137

143

ANALYSIS OF FIBRE-OPTIC RING RESONATOR WITH

POLARIZATION EFFECTS: APPLICATION TO FARADAY

CURRENT SENSING WITH IMPROVED SENSITIVITY

6.1. INTRODUCTION
6.2. THEORY
6.3. SYSTEM RESPONSE

6.3.1. Application For Polarization Sensing
6.3.2. Birefringence Effects

6.3.3. Effect Of Input Polarization Angle ¢

6.4. CONCLUSION

143

145

148

154

157

163

163



CHAPTER'7 164

ANALYSIS OF TWO-COUPLER FIBRE-OPTIC RESONATOR

FOR ROTATION SENSING

7.1. INTRODUCTION 164
7.2, CONCEPTS OF ROTATION SENSING WITH FORR 166
7.2.1. Method-1: Based On Sensing The Movement 166

Of Operating Point Along The Resonance Dip

7.2.2. Method-2: Measurement Of Time De¢’ay Between 171
Resonance Dips Of Counterpropagating Waves

7.2.3. Method-3: Measurement Of Two Optical Frequencies 172
As A Function Of Rotation Rate

7.2.4. Other Methods 174

7.3. PROPOSED NEW METHOD 175
7.3.1. Theoretical Modelling 175
7.4 SYSTEM RESPONSES 179
7.4.1. When K, = 0.5 And a, = K, 179
7.4.2. When K, = 0.5 And o, = 1.0 187
7.4.3. When K,# 0.5 And o, = K. 190
7.5. DISCUSSION ON THE PROPOSED SYSTEM 193
7.6. A MODIFIED CONFIGURATION USING ELECTRONIC SUBTRACTION 193
7.7. CONCLUSION 200
CHAPTERS 202

OPTICAL PULSE RESPONSE OF FIBRE-OPTIC RING

RESONATOR

8.1. INTRODUCTION 202



8.2. THEORY OF PULSE RESPONSE OF FORR , 203

8.3. SYSTEM RESPONSES 208
8.3.1, Differentiation Of An Optical Pulse 208
83.2 Integration (Or Delay) Of An Optical Pulse 210
8.3.3. Optical Trigger Pulse Generation 212

8.4. EQUALIZATION OF FIBRE DISPERSION 212

8.5. CONCLUSION 218

CHAPTER 9 219

CONCLUSION

9.1. MAJOR ACHIEVEMENTS 219

9.2. SUGGESTIONS FOR FUTURE WORK 223

APPENDIX 4 225
. v

LINEARITY ANALYSIS ON AN APD RECEIVER CIRCUIT

A.1. INTRODUCTION 225
A.2. DISTORTION IN APD RECEIVER 226
A.3. DERIVATION OF HARMONIC DISTORTION IN APD 230

AJ.1. Fourier Series Expansion Of The ac Output 233

Voltage Of The APD

A4 RESULTS OF THE DISTORTION ANALYSIS 236
A.5. CONCLUSION 240
REFERENCES 241
PUBLISHED WORK OUT OF THE PRESENT THESIS 269

BIOGRAGHY 270



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

