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Chapter 1 
 

Introduction 

 

 

1.1 Review of Wavelength Tunable Laser using FPLD 

 

Wavelength-tunable optical pulses are very important for wavelength 

division multiplexed (WDM), optical time division multiplexed (OTDM), and 

optical code-division multiple access (OCDMA) communication systems [1-4]. 

Actively mode-locked fiber lasers are attractive optical sources to realize such 

light sources. Generally, fiber lasers are actively mode-locked by several kinds 

of modulators such as Mach-Zehnder modulator [5] and electroabsorption 

modulator [6]. In recent years, fiber lasers for generating wavelength-tunable 

pulses by using a Fabry-Perot laser diode (FPLD) or a distributed feedback 

laser diode as both a modulator and a tunable filter were presented. The tuning 

range was up to 4.8 nm [7-9]. Furthermore, a modified scheme by using a high 

birefringence fiber loop mirror in the ring cavity as filter and a FPLD as a 

modulator also has been proposed. The tuning range of this fiber laser was 

about 10 nm. The best SMSR was 29.2 dB and the pulsewidth was 60.4 ps [10]. 

In this system, the selected wavelength output from a FPLD is arranged to be 

fed back into the FPLD and results in a single-wavelength emission when the 

feedback pulse timely overlaps with the emission pulse. However, the 

repetition frequency is determined by the cavity length of fiber laser. This 
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mode-locked scheme is difficult to have widely wavelength-tunable range and 

a constant repetition frequency and pulsewidth at different wavelengths. 

The FPLD in external-injection schemes also have been developed [11-16]. 

The external-injection scheme is generally injected by a continuous wave 

tunable laser source. When the injected wavelength coincides with one of the 

wavelengths of the FPLD lasing modes, single wavelength optical pulses can 

be produced. Recently, due to the high cost of continuous wave tunable laser 

source, a dc-driven FPLD together with the fiber Bragg grating (FBG) has been 

used as an external-injection source. The SMSR in this system was about 20 dB 

[14]. Another FPLD together with a tunable filter and an erbium doped fiber 

amplifier (EDFA) as an external-injection source was also presented. The 

SMSR is better than 30 dB over the wavelength-tunable range of 19 nm 

[15-16]. However, the wavelength-tunable range of these systems are limited 

by the overlap spectrum of two FPLDs. 

 

1.2 Review of Fiber Bragg Grating Sensor Network 

 

FBG sensors have been identified as very important sensing elements 

especially for the strain measurement in smart structures [17-20]. In many 

applications, the arrays of FBG sensors are required for multipoint or 

distributed measurement. The multiplexing of FBG sensors is therefore 

essential to reduce the cost per sensing point and to increase the 

competitiveness of FBG sensors against the conventional electrical sensors. A 

large-scale FBG sensor system with 60 sensors has been experimentally 

demonstrated by using a combination of WDM and TDM techniques [17]. 
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Such research associated with sensing network survivability would be an 

ongoing challenge for the practical applications of the multipoint FBG sensor 

systems. Therefore, enhancing the survivability of a FBG sensor network is 

very important. However, the in-line topology, star topology, and tree topology 

generally adopted in a FBG sensor network cannot protect the sensing network 

[21]. Moreover, a broadband light source is usually used in a FBG sensor 

system. Because the optical power reflected from a FBG is weak, the sensing 

resolution and the capacity of a fiber sensor system would be limited by the 

broadband light source. 

 

1.2.1 Multiplexing Techniques 

  One of the attractive advantages of a FBG sensor system is the multiplexing 

capability. The techniques for multiplexing FBGs include the WDM technique, 

spatial division multiplexing, TDM, code division multiplexing access, and 

frequency modulated continuous wave multiplexing [17,22-24]. The most 

popular technique for FBG multiplexing in a sensor system is the WDM 

technique. The simplest light source for a WDM-FBG sensor configuration is a 

broadband source, such as an EDFA or a LED. The sensor number to be 

multiplexed is determined by both the operating wavelength range required for 

each FBG sensor and the total useable bandwidth of the broadband source. In 

recent year, using intensity and wavelength division multiplexing (IWDM) 

technique to increase the sensor number has been proposed [25]. A FBG with 

two specified low-reflectivity peaks has to be fabricated for this IWDM scheme. 

Such a specific FBG with dual peaks therefore can be addressed when its one 

peak overlaps with that of another single-peak high-reflectivity FBG and its 

second peak can be used for decoding the wavelength shift. However, an 
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un-measurable gap would be induced when the bandwidth of the single-peak 

FBG is slightly broader than that of the dual-peak FBG. Thus a single-peak 

high-reflectivity FBG with a narrow bandwidth also has to be fabricated [25]. 

Furthermore, a signal processing method for the IWDM scheme without using 

the FBG specifically fabricated has also been reported [26]. 

 

1.2.2 Fiber laser scheme 

The FBG sensor systems using a fiber laser scheme have been the focus of a 

great deal of research. In contrast with the FBG sensor system based on a 

broadband light source, the advantages of a FBG laser sensor includes its high 

resolution for wavelength shift and high optical signal-to-noise ratio (SNR) 

against the noisy environments in practical applications [17]. The simplest 

in-fiber cavity mirrors of a FBG laser can be constructed either by two FBGs 

with identical Bragg wavelength or by one FBG in conjunction with a 

broadband reflector. In general, the erbium-doped fiber (EDF) is adopted as the 

gain medium between two mirrors for a linear-cavity fiber laser. With a 

sufficient gain provided by a 980-nm pumping laser diode, the fiber laser lases 

and its lasing wavelength is determined by the Bragg wavelength of the FBG. 

When a strain or a temperature variation is imposed on the FBG, the Bragg 

wavelength drifts and the lasing wavelength shifts simultaneously. Another 

simple type of a fiber laser is the fiber ring laser, and its lasing wavelength also 

can be determined by a FBG. By inserting a tunable Fabry-Perot filter within 

the cavity, we can simply implement a tunable fiber laser for the application of 

a FBG sensor system [20,27]. However, the scanning rate of the tunable filter 

always limits the dynamic range of a fiber laser sensor. 

Although the EDF laser has been widely discussed, a multiwavelength fiber 



 5

laser is still an ongoing challenge since the dense WDM technique is the most 

important solution for high-capacity fiber communication or fiber sensor 

systems. However, because the homogeneous broadening of an EDF is 

dominant at room temperature, it is difficult to obtain stable simultaneous 

lasing with close wavelength spacing. Therefore, much attention is devoted on 

multiwavelength fiber laser at room temperature. For example, the technique 

by inserting variable attenuators into the EDF laser cavity for multiwavelength 

oscillations has been reported [28-29]. The cavity loss corresponding to each 

wavelength has to be balanced carefully in such arrangements. In recent year, 

the inhomogeneous broadened gain of the distributed Raman amplifier is used 

for a room temperature WDM source [30]. Over 58 WDM channels have been 

demonstrated previously by using a fiber Raman ring laser with a Fabry-Perot 

filter in the cavity [31]. 

Multiwavelength oscillations in a fiber laser source that uses a 

semiconductor optical amplifier (SOA) is also possible because of its 

inhomogeneous broadening property and broad gain spectrum. Recent an 

interesting technique is the use of two SOAs in the laser cavity in order to 

increase both the lasing bandwidth and the average power [32]. However, 

SOAs have a relatively high noise figure. Adding an extra SOA in the laser 

cavity will decrease the optical signal-to-noise ratio (SNR) of fiber laser. To 

overcome this drawback, an EDFA instead of an SOA can be inserted into the 

multiwavelength laser cavity. The gain can be increased, and the lasing 

bandwidth also can be broadened. Moreover, the optical SNR is higher than 

that of the two SOA systems [33]. 
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1.3 Organization of the Dissertation 

 

This dissertation consists of three related parts. In Chapter 2, simple and 

novel configurations of wavelength tunable lasers using FPLDs have been 

demonstrated. By adjusting the tunable bandpass filter in the laser cavity, the 

laser output can be tuned flexibly. In contrast with the conventional setup, our 

proposed scheme is easy to be constructed and has a wide tuning range. 

Moreover, we also present a simple scheme to generate wavelength-tunable 

optical pulses by a FPLD in an external-injection scheme. An EDFA in the 

scheme is used as both an external-injection source and an amplifier for the 

FPLD. The lasing mode of the FPLD is locked by the backward amplified 

spontaneous emission (ASE) of the EDFA. The performance of system 

operated at the different wavelengths is reported.  

In Chapter 3, fiber-laser-based sensor networks are proposed and 

demonstrated. We present novel sensor networks with self-healing functions to 

increase the reliability of the sensor systems. Such a self-healing function for 

the sensor network can support real-time monitoring and reveal the sudden 

breakpoint of the fiber link. Furthermore, we use a linear-cavity fiber laser 

scheme for our proposed sensor system. This fiber-laser-based sensor network 

can avoid the reduction of the signal-to-noise ratio (SNR) because of the 

low-power broadband source together with its ASE noise. The advantage of our 

proposed fiber-laser-based sensor system can facilitate reliable sensor network 

for a large-scale and multipoint smart structure. 

In Chapter 4, large-scale sensor networks using fiber laser scheme are 

proposed and demonstrated. We propose an IWDM-FBG sensor system using a 
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tunable multiport fiber ring laser. For the IWDM technique, our proposed fiber 

grating sensor system can enhance the sensing capacity, SNR, and sensing 

resolution. Moreover, we propose a novel FBG sensor system using fiber laser 

schemes with a distributed Raman amplifier as a gain medium. The 

inhomogeneous broadening property of the distributed Raman amplifier is used 

for multiwavelength operation. We also propose a long-distant sensor system 

using an erbium doped waveguide amplifier (EDWA) and a semiconductor 

optical amplifier (SOA). The feature of our proposed fiber lasers can facilitate a 

long-distant or a large-scale fiber sensor system and can be easily extended for 

multipoint sensing applications. Finally, summary the research results will be 

given in Chapter 5. Suggestion for future work is also presented. 

 

References 

[1] I. Kaminow and T. Li, Optical Fiber Telecommunications IVB: systems 

and impairments, San Diego, Academic Press, 2002. 

[2] G. P. Agrawal, Fiber-optic communication systems, New York, 

Wiley-Interscience, 2002. 

[3] H. Fathallah, L. Rusch and S. Larochelle, “Passive optical fast 

frequency-hop CDMA communications system,” IEEE J. Lightwave 

Technol., vol. 12, pp. 397-405, 1999. 

[4] X. Wang, and K. T. Chan, “A sequentially self-seeding Fabry-Perot laser 

for two-dimensional encoding/decoding optical pulse,” IEEE J. Quantum 

Electron., vol. 39, pp. 83-90, 2003. 

[5] J. S. Wey, J. Goldhar, and G. L.Burdge, “Active harmonic mode-locking 

of an erbium fiber laser with intracavity Fabry-Perot filters,” J. of 



 8

Lightwave Technology, vol. 15, pp. 1171-1180, 1997. 

[6] M. J. Guy, J. R. Taylor, and K. Wakita, “10 GHz 1.9 ps actively 

mode-locked fiber integrated ring laser at 1.3 µm,” Electronics Letters, 

vol. 33, no. 19, pp. 1630-1632, 1997.  

[7] S. Li and K. T. Chan, “Actively mode-locked erbium fiber ring laser using 

a Fabry–Perot semiconductor modulator as mode locker and tunable 

filter,” Applied Physics Letters, vol. 74, pp. 2737-2739, 1999.  

[8] S. Li and K. T. Chan, “Wavelength-tunable actively mode-locked 

erbium-doped fiber ring laser using a distributed feedback semiconductor 

laser as mode locker and tunable filter,” Applied Physics Letters, vol. 75, 

pp. 313-315, 1999. 

[9] D. Zhao, K. T. Chan, Y. Liu, L. Zhang, and I. Bennion, 

“Wavelength-switched optical pulse generation in a fiber ring laser with a 

Fabry-Perot semiconductor modulator and a sampled fiber Bragg grating,” 

IEEE Photonics Technology Letters, vol. 13, pp. 191 –193, 2001. 

[10] S. Yang, Z. Li, X. Dong, S. Yuan, G. Kai, and Q. Zhao, “Generation of 

wavelength-switched optical pulse from a fiber ring laser with an F-P 

semiconductor modulator and a HiBi fiber loop mirror,” IEEE Photonics 

Technology Letters, vol. 14, pp. 774 –776, 2002. 

[11] D. S. Seo, H. F. Liu, D. Y. Kim, and D. D. Sampson, “Injection power and 

wavelength dependence of an external-seeded gain-switched Fabry-Perot 

laser,” Appl. Phys. Lett., vol. 67, pp. 1503-1505, 1995. 

[12] Y. Matsui, S. Kutsuzawa, S. Arahira, and Y. Ogawa, "Generation of 

wavelength tunable gain-switched pulses from FP MQW lasers with 

external injection seeding," IEEE Photonics Technology Letters, vol. 9, pp. 

1087-1089, 1997. 



 9

[13] L. P. Barry, P. Anandarajah, and A. Kaszubowska, "Optical pulse 

generation at frequencies up to 20 GHz using external-injection seeding of 

a gain-switched commercial Fabry-Perot laser," IEEE Photonics 

Technology Letters, vol. 13, pp. 1014-1016, 2001. 

[14] M. Zhang, D. N. Wang, H. Li, W. Jin, and M. S. Demokan, "Tunable 

dual-wavelength picosecond pulse generation by the use of two 

Fabry-Perot laser diodes in an External injection seeding scheme," IEEE 

Photonics Technology Letters, vol. 14, pp. 92-94, 2002.  

[15] D. N. Wang and X. Fang, "Generation of electrically wavelength-tunable 

optical short pulses using a Fabry-Perot laser diode in an 

external-injection seeding scheme with improved sidemode suppression 

ratio," IEEE Photonics Technology Letters, vol. 15, pp. 123-125, 2003. 

[16] X. Fang and D. N. Wang, "Mutual pulse injection seeding by the use of 

two Fabry-Perot laser diodes to produce wavelength-tunable optical short 

pulses," IEEE Photonics Technology Letters, vol. 15, pp. 855-857, 2003. 

[17] A. D. Kersey, M. A. Davis, H. J. Partrick, M. Leblance, K. P. Koo, C. G. 

Askins, M. A. Putnam, and E. J. Friebele, “Fiber grating sensors,” J. of 

Lightwave Technology, vol. 15, pp. 1442-1463, 1997. 

[18] L. Talaverano, S. Abad, S. Jarabo, and M. Lopez-Amo, “Multiwavelength 

fiber laser sources with Bragg-grating sensor multiplexing capability,” J. 

of Lightwave Technology, vol. 19, pp.553-558, 2001. 

[19] L. Zhang, Y. Liu, J. A. R. Wiliams, and I. Bennion, “Enhanced FBG strain 

sensing multiplexing capacity using combination of intensity and 

wavelength dual-coding technique,” IEEE Photonics Technology Letters, 

vol.11, pp. 1638-1641, 1999. 

[20] Y. Yu, L. Lui, H. Tam, and W. Chung, “Fiber-laser-based 



 10

wavelength-division multiplexed fiber Bragg grating sensor system,” 

IEEE Photonics Technology Letters, vol. 13, pp. 702-704, 2001. 

[21] J. M. Senior, S. E. Moss, and S. D. Cusworth, “Multiplexing techniques 

for noninterferometric optical point-sensor networks: a review,” Fiber and 

Integrated Optics, vol.17, pp. 3-20, 1998. 

[22] C. C. Chan, W. Jin, H. L. Ho, and M. S. Demokan, “Performance analysis 

of a time-division-multiplexed fiber Bragg grating sensor array by use of a 

tunable laser source,” IEEE Journal of Selected Topics in Quantum 

Electronics, vol. 6, pp. 741-749, 2000. 

[23] K. P. Koo, A. B. Tveten, and S. T. Vohra, “Dense wavelength division 

multiplexing of fiber Bragg grating sensors using CDMA,” Electronics 

Letters, vol. 35, pp. 165-167, 1999. 

[24] P. K. C. Chan, W. Jin, and M. S. Demokan, “FMCW multiplexing of fiber 

Bragg grating sensors,” IEEE Journal of Selected Topics in Quantum 

Electronics, vol. 6, pp. 756-763, 2000. 

[25] L. Zhang, Y. Liu, J. A. R. Wiliams, and I. Bennion, “Enhanced FBG strain 

sensing Multiplexing capacity using combination of intensity and 

wavelength dual-coding technique”, IEEE Photonics Technology Letters, 

vol. 11, pp. 1638-1641, 1999. 

[26] C. C. Chan, C. Z. Shi, J. M. Gong, W. Jin, and M. S. Demokan, 

“Enhancement of the measurement range of FBG sensors in a WDM 

network using a minimum variance shift technique coupled with 

amplitude-wavelength dual coding,” Optics Communications, vol. 215, pp. 

289-294, 2003. 

[27] S. H. Yun, D. J. Richardson, and D. Y. Kim, “Interrogation of fiber grating 

sensor arrays with a wavelength-swept fiber laser,” Optics Letters, vol. 23, 



 11

pp. 843-845,1998. 

[28] L. Talaverano, S. Abad, S. Jarabo, and M. Lopez-Amo, “Multiwavelength 

fiber laser sources with Bragg-grating sensor multiplexing capability,” 

Journal of Lightwave Technology, vol. 19, pp.553-558, 2001. 

[29] S. K. Liaw, C. C. Lee, K. P. Ho, and S. Chi, “Power equalized 

wavelength-selective fiber lasers using fiber Bragg gratings,” Optics 

Communications, vol. 155, pp. 255-259, 1998. 

[30] C. J. S. de Matos, D. A. Chestnut, P. C. Reeves-Hall, F. Koch, and J. R. 

Taylor, “Multi-wavelength, continuous wave fibre Raman ring laser 

operating at 1.55 μm,” Electronics Letters, vol. 37, pp. 825-826, 2001. 

[31] N. S. Kim, X. Zou, and K. Lewis, “CW depolarized multiwavelength 

Raman fiber ring laser with over 58 channels and 50 GHz channel 

spacing,” Optical fiber communication conference (OFC2002), paper 

ThGG21, pp. 640-642, 2002. 

[32] N. Pleros, C. Bintjas, M. Kalyvas, G. Theophilopoulos, K. Yiannopoulos, 

S. Sygletos, H. Avramopoulos, "Multiwavelength and power equalized 

SOA laser sources" IEEE Photonics Technology Letters, vol. 14, pp. 693 - 

695, 2002.  

[33] D. N. Wang, F. W. Tong, X. Fang, W. Jin, P. K. A. Wai, J. M. Gong, 

“Multiwavelength erbium-doped fiber ring laser source with a hybrid gain 

medium,” Optics Communications, vol. 228, pp. 295-301, 2003. 


