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Abstract

In the first part of this thesis, we proposed a stable and wavelength-tunable
semiconductor optical amplifier SOA-based fiber laser with Sagnac ring
configuration. Here, this fiber ring laser is SOA-based with Sagnac loop mirror to
achieve single-frequency output and save energy-power. In the second part, we
proposed a dual reflected structure erbium-doped fiber (EDF) laser in
single-longitudinal-mode (SLM) for wavelength-tuning. The dual reflected structure
of EDF laser with a linear cavity employing a passive saturated absorber based
(SAB) filter and tunable bandpass filter (TBF) for the SLM lasing and wavelength
tuning. In the third part, we proposed a using Saganc loop of optical-injected
semiconductor laser scheme for stable and continuous wave (CW)

wavelength-tuning. It is by using self-injected Fabry-Perot laser diode (FP-LD) with



Saganc loop scheme. And to achieve the continuous wavelength tuning, we can

adjust the temperature of FP-LD for wavelength shifting in the laser scheme. In the

fourth part, we proposed a stable wavelength-tuning laser in single-frequency by

optical-injected FP-LD and reflective semiconductor optical amplifier (RSOA) for

long fiber distance propagation. Finally, the output power, wavelength tunable range,

side-mode suppression ratio (SMSR) and output stabi he four proposed laser

configurations
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TRNAR UL R RS FT S AT TR 6-1 0 ik D eng S
d FP-LD ~ F &f;% L 485k 2+« % (Reflective Semiconductor Optical Amplifier;
RSOA)~ # i€ jjg & % (Tunable Bandpass Filter; TBF)~ -k £ i 3% % (Optical Circulator ;
OC) ~ & i 7 #] B(PC) ~ 1x2 ¥ 50:50 £ ¥ {g & = (Optical Coupler; CP)fr- i &
i+4 (Reflected Mirror s RM)#re =& o jt & 28 8 g Bl {oib i Jaik B chit » 54 1
A %30 nm (1530 nm 3| 1560 nm)+{r 6dB- & &4 i F g5 5 99.5 % 7 C-band
o OF o LI T SR IUL R ey 0 ] L F G o 47 % (OSA) 2 0.05nm
245 Bdest & B |k (PM) ke 7 £ 8] -

Fodh o A ] A 3R F A FP-LD 09 Zde ] 6-1 FTon 2 i enfiofi 7 e
% € #i (Multi-Longitudinal-Mode; MLM)erg@f & ik~ %) 2_1.1nm §= 9.5mA - &

TF % FP-LD g (£ 3 7n £_30mA g B 5 20 °C B o FP-LD #ffeenis 1147

<

A AR 6-1 e BlEEa e ¥ ot BB 6-2 e A o
? PL2 ks AR RS giglﬂg F S e > ot £ 1544.00nm 3
1548.64 nm z_ & o 4o 6-1 #7577 > A w103 L TBF 4 fic & MLM FL-LD 4p %
et 4 i ) (8 5 40 P o 900 S el I AR 1x2 CP e RM
3 445 2~ (Self-seeding) s 1® o & it i3 4] B (PC)ALE * K (B3|
hrt F A fra R R R E o AR ROBRY o APAE TBF Y

M 7 1546.20 nm it 5§ &T%] P& o d AR BT O~ endk i > FP-LD ez ~ #i0
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1546.25 nm 7 —7.0 dBm %] IF K F AR P R 6-1 (D RE e § ﬁa?] JAE

Bm Bl 6-2 i 2 F 0 F AL T AR B TBF 2 fe & FL-LD shdidic
(Longitudinal-mode) & § »xeiic + 3§ & B -

(- & BIHAET 2L r5d OCie » RSOA iF 4 bt £ s & fo

#A o 711 RSOA %?J d erE S F AR E R T e 1546.25 nm shpE iz 3 3.8 dBm ﬁ%l

IF o Mo Bl 6-2 chEEA L > F RSOA 44k £ i 50mA 0% /i pF o

6.3 F&E%E L7
AR oA 178 R ek A RSOA 7 I # 17T i pt - RSOAM 1 34
B fe ek T T AT SR 6-30 Bl » ek R ARE S B 1546.25nm E A s o B
e BFF %Y » RSOA ¥ M4k ® £33 % & 2.5 Gh/s 12 Non-Return-to-Zero (NRZ) =
3% 5N ez SEH8 3 5L (Pseudorandom Binary Sequence ; PRBS) T 5 2511 g
£ R AigA A P B R T . RSOA el 2t % 4517 10mA 4] 6-3 #71 -
T8 mﬂi%] J1# & 4-11.0 dBm 3] 7.8 dBm z B % % (£ T /% & 20 mA ¥] 80 mA
2 FEPE e B 6-3 4k » TR S APH BB 27 ok TT T o AT
(Bit Error Rate : BER) % 107 1z 2.5 Gb/s OOK(On-off Keying) ¢ % & o # §
Bl e Bl AAR HR A B e 2 i £ 30MA ehpE iE o T TR brendg 4o 0 P B -
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TOMA 12§86 o F]pb » 2 i 7 12 - RSOA ehdle (57 i3k %t 50mA f#rdk 1) en g 6t
HAEY (T A B i 1 R T

B 6-4 % 7+ 31;?] Jy 5 o8 HOR 41 (Side-mode Suppression Ratio; SMSR) .7
o ehg St & g L& ondk (T4 ) & 1534.05 ] 1553.00 nm 2 & 2 Llnm iF 5 -

B34 % 9% FE 4395 MLM FP-LD &5 »=ii d) & & (& 1 ] 6-2) o gt ’@?J:",éﬁﬁ

—E|,

F e HOR ) A EAA B RS A -5.3dBm F] 4.6 dBm 2 ¥ 4r 31.2dB F| 50.1
dB/0.05 nm 2. ¥ o }*F 5 f % 5 SMSR % 50.1 dB/0.05 nm & & 44 £ 5 1548.50
nm 12 4.6dBm m@] A1 Ag E P F] o

0320 Rk ey ﬁ#;ﬂ%ﬁﬁﬂ: chigF i o BER 8 Rl &R & Ar A 47 o
ft B ¥ RSOA 44 3% 1% & S0MA {eAk B 443 % & 2.5 Gb/s OOK &% #d
BT RS s B A 1546.25 nm 4 3.8 dBm mﬂiﬂ di 3 KT L B BEaR i o B
6-5 Eor AP ErdE A g kﬂf.ﬁ; BER 2. % I i% 5 £ & ~ %] & Back-to-back
(B2B) ~ 25km~ 50km 4= 75 km ¥ 4= %4 (Single-mode Fiber ; SMF)_'rhfé?ﬁi%JT °o 4o
Bl 6-5 #77r - k¥ F e d (Optical Power Penalties) = 0.4dB ~ 0.5dB - 1.5dB #
LRI F] A 5] f 548 25km ~ 50km e 75 km SMF @ 8515 > % BER 3 109 v 52
FOOATE o Tk W] 6-5 4~ fd B S AR B R R4 S5 E B2B ~ 25km -
50km fe 75 km M #7%  (SMF)en@ 45 » 4 BER % 1079 p¥ o i3t 4k B 5B B Pk )
9% B R e (600 o (08 75 km SMF sn@ Bl » st ek £ T 0 3 M E
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HROT e B - R G ] RO TS AT T DT SRR G i

T A - R T

6.4 1

R AR M LR A e R &L O T AR £ T A g R
d & * g {7 p L~ (Self-seeded) sy FP-LD §= RSOA ¢t /1 ~ (External-injected) -
Bt gk A en g L de Bl P 7 1634.05nm F| 1553.00 nm B £ % 1.1nm
TR IFor s G E3E T{&m@? 17 4= SMSR %~ %] £-53 7] 4.6 dBm 2
e 31.2dB 3 50.1dB/0.05 nm 2 « & ¥ #13% 41 chd s ET oA E B R L
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SRR S E RS R

53



PC
FP-LD|J7%% TBE

RM

CP
“b”

RSOA
’I‘ 3
2.5Gb/s “¢”
NRZ-OOK

SMF

RX

W 6-1 “rdf PRI £ 7 T M %

54



10

<
|1
°e®
oo

-10 41

-20 +

-30 1

Power (dBm)

-40 A I | | ]

-50 41

-60 1

-70 + T T
1520 1530 1540 1550 1560

Wavelength (nm)
Eg] 6-2 r:’Lf-;J[-;ii :Il' é ‘aﬁ—# *?ﬁ—,ﬁ%l :IH};F'_;‘:&AV\ VT'J ,:LE%‘I 5-172” » ”b”'ff'”c,’ﬁ_’fi%_

55



20
10
0 O il
o= O
£ o 0
5 O
N
o -10 - O
=
(@]
O o4
5
2
S -30 ~
@)
-40 -
'50 E T T T
0 20 40 60 80

B 6-3 #r£ R ¥ RSOA ii%J:".ﬁ FEA ok FR G AL ER

Bias Current (mA)

1546.25 nm 5 4= 45 o 3’5{ »aHER A A PR AR E R P[] o

56

T



10
L 60
5 -
— oo o0
O O OmnO
§ - o“Upoo D<><><> O L 5o
~ oA <><><><> <& O %
(D) <> ~
% & & o< O 40 X
- OO g8 S
= -5 0O
> 0p]
= O
g L 30
o 10 -
’ [0 Power
> SMSR L 50
'15 T T T T
1530 1535 1540 1545 1550 1555

Wavelength (nm)

B 6-4 1 & jpl 3 mﬁ;—J I e BB A (SMSR) B3 i d A R A
1534.05nm ] 1553.00 nm e e 4= [l 2. A0 1. 1nm 17 5 — 8 23 B 9% 13 4995 MLM

FP-LD ¢} »cfiy &t -

57



@)
J e s
Vo
\
6 - (ON
0 ‘o
@ 7 Q \
15 ‘o'
8 o)
O B2B \ o\
VvV 25km
-9 4 [ 50km E9\
75km \c\)éiz
-10 : . . . :
30 28 26 24 22 20 .18

Received Power (dBm)
B 6-5 #7311 cF BRI BER % 4 % v back-to-back (B2B)~25~50 {= 75 km

LS LRSS 1 L P £

58



1546.4 5.0
[0 Wavelength
< Power
1546.3 - 4.5
—
£
= oooooao
N
5 O <o
c  1546.2 Ooooo oo O - 4.0
% o O o
c>6 o N O O 8 O 0O 8 Oo0Oao ﬁ
= <o <o <o <o
1546.1 O - 3.5
1546.0 T T T T T T T T 3-0
0 2 4 6 8 10 12 14 16 18 20

B 6-6 ik ot e bt 28 4 e

59

Output Power (dBm)



i\

P
YN

=
-
3\

Ah2 L BHHE - RRPRETATHEFAAMPE R R o X
gkt LA R LAELL L T G Sagnac W GEHE L GG B S R R
T30S E - SR T IR R T S - 1% Saganc i e I 48 Ll

S k2 R AR TS AT SO Hqodpd e &1 ~ Fabry-Perot g 5

SRR F B L Rk B H Sl A R kR T T A R
5 s
B WA F oL ek & B(SOA) & & & T 12 Sagnac it B (F L F B4

B kR GRS o § el E T LA S SOA g skt S X BB
¥ SOA 12 80MA I gkt 1k ) enF 57 73 % el & 1521.0 nm - 1563.0
M 2B o A ] Bk e el dat A8 fe-L1ABM - fri 42 kg T b2
etk (TR TR 5 30MA - 2@ R & SOA e T i 5 S0MA » Flpt 2 i v 12

F I e 2 17 SOA TR T iR - 20mA Aid * A i3 ) e Sagnac i B § S 2

4%*

s

BN AR SR - SRR T A B R T B I R

Gk AR B sk B A TR ARG s BF SE e R SN R

60



PBALR G T SR L JRIE T - BARE A fosje L K R (SAB) ik B A

# hik B(TBF) ki 51 ¥ — 0/ (SLM):ng St 15 7 ¥ U R E o & i

~E

%4 1530 T 1562nm 2 B > ¥ P g ARG EA L AP EHAE T F
#5254 5 4w OSNR & ff 1% C-band(1530 nm #| 1560 nm) s 4c » o »0 L 973
ARG SR o 4R B B SRS ARF AL TH o
%= e L 41" Saganc i B T AR TRFoRF L2 LI pET R
LRl F st HE 0 JEd € * 01 Saganc i B {72 » (Self-injected) FP-LD 1 it 3]
G o bir BRI DER? 0 - HECLM) G AR 0 KR L
1526.20nm F| 1549.75nm z- @ > 2 1.30nm 5 - @A EEHFE - L0 E R e
EB %o NPT R fed B FP-LD % kAR T £ T4 o

B

11\1.

A LH - SRR R T A § SEd k52~ Fabry-Perot § -
Ao A S R ek B ER FEG b R B P M SR LT A
G BT OE A d R T 3~ (Self-seeded) Fabry-Perot @ df = 4& 4 f ¢t i1 »
(external-injected) & & ;¢ L 3 fB ok 2x < B (RSOA) - &1 I g &7 1A
1534.05nm | 1553.00 nm sk £ f= 2 B3 % - 12 LInm 2 - BAFEH I 0 T
¥ U P % % A 25Gb/s on-off keying (OOK)# % 4 58 foigiE 75km H 5k 4

(SMF) 2 § k3~ Bfed §048 i chfiiw o

61



o

Lo

[1]% & #(1997) ¢ ¥ v B AF-R TR S0 0 ST R

[2] http://www.ieo.nctu.edu.tw/~ieofuture/102/LZapl.html

[3] http://en.wikipedia.org/wiki/Laser

[4] C.-H. Yeh, F.-Y. Shih, C.-T. Chen, C.-N. Lee and S. Chi, “Multiwavelength erbium
fiber ring laser using Sagnac loop and Fabry-Perot laser diode,” Laser Phys. Lett.,

vol. 5, pp. 210-212, 2008.

[5] C. H. Yeh, C. W. Chow and C. L. Pan, “Utilizing erbium fiber ring scheme and
Fabry-Perot laser ~diode for stable and wavelength-tunable laser in
single-longitudinal-mode output,” Laser Phys. Lett., vol. 8, pp. 130-133, 2011.

[6] C.-H. Yeh, F-Y. Shih, C.-T. Chen, C.-N. Lee and S. Chi, “Stabilized
dual-wavelength erbium-doped fiber dual-ring laser,” Opt. Express, vol. 15, pp.
13844-13848, 2007.

[7] J. Vasseur, M. Hanna, J. Dudley and J. Goedgebuer, “Alternate multiwavelength
mode-locked fiber laser,” IEEE Photonics Technol. Lett., vol. 16, pp. 1816-1818

2004.

[8] G. Das and J. Lit, “Wavelength switching of a fiber laser with a Sagnac loop
reflector,” IEEE Photonics Technol. Lett., vol. 16, pp. 60-62, 2004.

[9] C.-H. Yeh, M.-C. Lin, C.-C. Lee and S. Chi, “Fiber Bragg grating-based
multiplexed sensing system employing fiber laser scheme with semiconductor
optical amplifier,” Jpn. J. Appl. Phys., part 1, vol. 44, pp.6590-6592, 2005.

[10] C. H. Yeh, C. C. Lee and S. Chi, “Fast wavelength switching based on a

Fabry-Perot laser pair using optical injection,” Jpn. J. Appl. Phys., part 1, vol. 43,

pp. 3454-3455, 2004.
[11] S. W. Harun, M. Z. Zulkifli and H. Ahmad, “A linear cavity S-band
Brillouin/Erbium fiber laser,” Laser Phys. Lett., vol. 3, pp. 369-371, 2006.

62


http://www.ieo.nctu.edu.tw/~ieofuture/102/LZapl.html
http://en.wikipedia.org/wiki/Laser

[12] C.-H. Yeh, F.-Y. Shih, C.-T. Chen, C.-N. Lee and S. Chi, “Stabilized
dual-wavelength erbium-doped fiber dual-ring laser,” Opt. Express, vol. 15, pp.
13844-13848, 2007

[13] J. Dong, A. Shirakawa and K. Ueda, “Switchable pulses generation in passively

Q-switched multilongitudinal-mode microchip laser,” Laser Phys. Lett., vol. 4, pp.

109-116, 2004.

[14] J. Zhang, and J. W. Y. Lit, “Compound fiber ring resonator: theory,” J. Opt. Soc.
Amer. A, vol. 11, pp. 1867-1873, 1994.

[15] J. Zhang, C.-Y. Yue, G. W. Schinn, W. R. L. Clements and J. W. Y. Lit, “Stable
single-mode compound-ring erbium-doped fiber laser,” J. Lightwave Technol.,
vol. 14, pp. 104-109, 1996.

[16] C. H. Yeh, C. W.-Chow, K. H. Chen and J. H. Chen, “Employing

dual-saturable-absorber-based filter for stable and tunable erbium-doped fiber
ring laser in single-frequency,” Laser Phys., vol. 21, pp. 924-927, 2011.

[17] N. A. Awang, Z. A. Ghani, S. W. Harun and H. Ahmad, “Multi-wavelength fiber
laser in the S-band region using a Sagnac loop mirror as a comb generator in an

SOA gain medium,” Laser Phys. Lett., vol. 7, pp. 673-676, 2010.

[18] H. Ahmad, K. Thambiratnam, A.H. Sulaiman, N.  Tamchek and S. W. Harun,
“SOA-based quad-wavelength ring laser,” Laser Phys. Lett., vol. 5, pp. 726-729,
2008.

[19] E. Snitzer, Phys. Rev. Lett., No.7, p444, 1961

[20] J. Stone and C. A. Burros, Appl. Phys. Lett., No.23, p888, 1973

[21] M. J. F. Digonnet, Ed., Rare Earth Doped Fiber Lasers and Amplifiers, Marcel
Dekker, New York, 1997

[22] R. J. Mears, L. Reekie, S. B. Poole, and D. N. Payne, Electron. Lett., No.21,

p738, 1985

[23] http://en.wikipedia.org/wiki/Optical_amplifier

[24] http://wshnt.kuas.edu.tw/network/s7/index.html

63


http://en.wikipedia.org/wiki/Optical_amplifier
http://wshnt.kuas.edu.tw/network/s7/index.html

[25] NISHIMOTO,H.,KUWAHARP,H.,andMOTEGI,M.:”Injection — locked 1.5Im
InGaAsP/InP lasers capable of 450 Mbit/s transmission over 106
km?”,ibid.,1983.19,pp.509-510

[26] TOBA,H.,KOBAYASHI,Y.,,YANAGIMOTO,K.,NAGAI,H., and
NAKAHARA,M.:”Injected-locking technique applied to a 170 km transmission
experiment at 445.8 Mbit/s “,ibid.,1984,20,pp.370-371

[27] KOBAYASHI,S..YAMADA,J.,MACHIDA,S., AND KIMURA ,

T. : ”Signal-mode operation of 500 Mbit/s modulated AlGaAs semiconductor

laser by injection locking’’,Electron Lett., 1980.16. pp.746-748

[28] MALYON,d.j., and MCDONNA,AP.:"102 km unrepeatered monomode fiber
system experiment at 140 Mit/s with an injection locked 1.52 im
transmitter™,1bid.,1982,18pp.445-447

[29] NISHIMOTO,H., KUWAHARA H., AND MOTEGI,M.:"Injection-locked 1.5 im
InGaAsP / InP lasers capable of 450 Mbit/s transmission over 106
km:,Ibid.,1983,19,pp.509-510

[30] GOLDBERG,L.,TAYLOR,H.F., and WELLER,J.F.:"Intermodal injection
locking of semiconductor lasers™.Electron.Lett., 1984,20, pp.809-811

[31] GOLDBERG,L., TAYLOR,H.F., and WELLER,J.F.:"Intermodal injection
locking and gain profile measurement of AlGaAs lasers", IEEE J.Quantum
Electron.,1984,Q-E20,pp. 1226-1229

[32] ITO,M.,ITO,T.,and KIMURA,T.:"Dynamic properties of semiconductor lasers ",
J.Appl. Phys.,1979,50,pp.6168-6174

[33] BORES.P.M.,.DANIELSEN.M., and VLAARDINGERBROEK,M.T.: "Dynamic
behaviour of semiconductor laser”,Electron.Len.,1975,11, pp.206-208

[34] OPSUKA,K.,and TARUCHA,S.:"Theoretical studies on injection locking and
injection -induced modulation of laser diodes".IEEE J.Quantum

Electron.,1981,Q-E17,pp.1515-1521

64



[35] ITO,M.,ITO,T., and KIMURA,T.:"Dynamic properties of semiconductor lasers ",

J.Appl.Phys.,1979,50,pp.6168-6174

[36] OTSUKA K., and TARUCHA,S.:"Theoretical studies on injection locking and
injection -induced modulation of laser diodes",IEEE J.Quantum

Electron.,1981,Q-E17,pp.1515-1521




