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Abstract

In this paper, Er**-doped superfluorescent fiber sources (Er-SFS) are
investigated to provide the optical signals for applications in many fields, such as
optical communications, optical passive devices test, optical fiber grating sensor,
optical fiber gyro. Compared the one-stage with two-stage configurations, we
analysis theoretically and experimentally a few significant parameters effect on
the characteristics of Er-SFS. Numerical simulations are performed to obtain the
performance of double-pass backward and cascade double-pass backward
C-band configurations, respectively. Moreover, we also simulate numerically and
obtain the performance of double-pass forward and cascade double-pass
forward L-band configurations, respectively. In experimentally, cascade
double-pass forward L-band Er-SFS is mainly investigated. Compared the
experimental with theoretical results, a good agreement is demonstrated. Our
researches in this paper will be useful for design and analysis of Er-SFS in

practice.

In chapter 1, the simple historical review, those present bottlenecks and
potential development for optical communications are given. The research
background and application features of SFS are introduced in details. In chapter
2, the fundamental principles for generating superfluorescence in optical fiber
are illustrated. Moreover, the four kinds of basical configurations and a few of
their derivative configurations for SFS are introduced. In chapter 3, using the
numerical simulations, we compare the one-stage with two-stage double-pass
backward low-dopant Er-SFS. The results show that advantagements between
them embodied in their bandwidth, conversion efficiency and stability of central
wavelength is unobvious. In chapter 4, comparing the one-stage with two-stage
double-pass forward high-dopant Er-SFS, we numerically investigated their
performance of bandwidth, central wavelength and output power. The results
demonstrate that the two-stage configure is superior to that of one-stage,

especially, the stability of central wavelength is very good. In chapter 5, some



experiments are performed to verify our theoretical results. The experimental
and numerical simulation results are in better agreement with each other.

Chapter 6 is a conclusion about this thesis.

This paper is mainly supported by a nature science program of Fujian
province. The work of this thesis will have some significant advancement for

excellently completing this program.

[Key words]: Superfluorescent sources; ASE; Er**-doped fiber



. B oot e 1
O T 1
1.2 BEAAB R BN R 4
1.8 R BIE L e 5
BoE BRAAARBHEERRE. ... 6
2.1 BERABERLEMRERFRE. ... 6
2. L IBHDR A MBEARRE S BB .o 6
2. 1.2 BHDGEHBIOOGIR A HEA R . 7
2. L 3 A R T R 10
2.2 BEAKBFAHBENEESE. ... 12
2.3 BREANANBRHEREN. ... 14
=B R CIHBISHEAABRARFERAR. ... 18
3.1 BRI . 18
3.2 R MIZR | SREKXNIZR ML C BB LBFRFE ... .. 18
3.2. 1 MR R G M G5k CCBO YR, oo 18
3. 2. 2 GETK L 10m I BN A I LERL. oo 19
3. 2. 3L Ny 10m A A I B A I BLAE. oo 22
3. 2. 4 GETR L 3dm I BN A I LERL. oo 26
3. 2. 5 IR 3dm e A I B A I EEAE. oo 28
3.8 NG 29
FUE: REXLFEBHAABREXERAR. ...l 30
4.1 BRTIRRIE M LB, ... 30
4. 2 RAKE ) 19m B BRBEMFNBEMEILLEL. ... 31
R T 1 40
ERE. BELABRALRIEEHBHRE. ..., 42

5.1 XAFRIEEMIHBEEAENE. ... 42



5. 2 I BRI B, ... 42

. 8 IR, . . 43
B 3 L R R G R o 43
5. 3. 2 R G . e 47

B A I 55

=T A " A s ¥ 56

5 (R 57



CONTENTS

CHAPTER 1 GeneralReview..........coviiiiiiiiinennn.. 1
L1 INtroducCtion. . . ...t 1
1.2 Research Background of Er-SFS. . ...... .. ... .. .. . o . 4
1.3Contributions of This Thesis. .. .......... i 5

CHAPTER 2 Fundamental Principles of Superfluorescent Fiber

SOUICES. vttt ettt it ittt eei it tneenraeeeensoeineanneensns 6
2.1 Fundamental Principles of Er-SFS. .. ... ... .. i 6
2.1.1 Basical knowledge and energy level of Er**-doped fiber............ 6

2.1.2 Fundamental principles for generating superfluorescence in Er**-doped

fiDer. . 7

2.1.3 Propagation and rate equations. . . . . ... i 10

2.2 Significant Parameters for Output Performance of Er-SFS.......... 12

2.3 Basical Configurations of SFS. . ....... .. .. . 14
CHAPTER 3 Research of Cascade C-band Er-SFS............ 18
3.1 Simple Introduction of Basical Configurations. ................... 18

3.2 Characteristics of One-stage Double-pass Backward and Cascade
Double-pass Backward C-band Er-SFS. ......................... 18
3.2.1 One-stage double-pass backward C-band SFS. . ................. 18
3.2.2 Comparsion between one-stage and two-stage configuaration at fiber
flength L=10m. . ... 19
3.2.3 Comparsion between one-stage and two-stage configuaration around
fiber length L=10m. ... ... o e 22
3.2.4 Comparsion between one-stage and two-stage configuaration at fiber
length L=34m. . ... e 26
3.2.5 Comparsion between one-stage and two-stage configuaration around
fiber length L=34m. .. .. .. . 28

3.3 SUMIMANY. . ottt e e e e e e e 29



CHAPTER 4 Research of Cascade L-band Er-SFS............ 30

4.1 One-stage Double-pass Forward L-band Er-SFS. .................. 30

4.2 Comparsion One-stage with Two-stage Configuration for Fiber Length

OF 20, . 31

4.3 SUMMATY. . oottt e e e e e e 40
CHAPTER 5 Experiments of Forward-pumped Er-SFS. ....... 42
5.1 Simple Introduction of Forward-pumped Configuration............ 42

5.2 Experimental Setup. . ... ... 42

5.3 Experimental Phenomena. . ........ ... . i 43
5.3.1 One-stage double-pass configuration. . ........................ 43

5.3.2 Two-stage double-pass configuration. .. ....................... 47

5.4 SUMMANY. . .o e e 55
CHAPTERG6 Conclusions. .......cooiiiiiininininenennn... 56
Reference. . ..o e e i 97

Acknoeledgement. . . ..ottt i i e e e e e 59



457

B ik

H—F 4

1.1818

FATTUAE BT AL O IR AR A B IR AR,, 875 IR0 ol A 1 R R 46 4
BRI AF SRR, ERIAD TR F2E AR K. (g EARY
SRR AR RIBR, HAzATRE ) AR MR E ) O BN, T
SR T A EOR B B A, D6 2R E A G 7R X 51
THORME G, TERCT Tl W R ) ECRIRDGH 7, aiaer i s R24:.
e DA . BahilifE &350 B0 AR =Gl fE 8 oA . 2 H Fr
LTI A5 1 P i 2 K T4 WIS . R L A R A . H R
ML, NHJEHEZT, 2R, R RZ 2 Oh. L 4% PEE. M
BEEE) s 2 DLATAEA —IUH B R AN G 5 ZAH LG 1) o BIAE D CIEAT (P8 BRI A
WL, o H TR ORI ARy R R R N R

VLTS BUARAL I A5 W A A B I DO 1 3O B AR i 1 B LA
VRN BB AL iy AR R IUAUS SRS A R b R SR I . DGl AR 11
RTS8, AR =T 24000, el a Ak G JOuELER, |
B A RBA VR A UL B AE A 3T A5 B IS 5T, (H2 X Rk r X
PRI PR AR RS IR A i 545, H R Q& ik
JCETIBAR o JEETAEAR S P AT LA IR P Pl SE /NI 5 80 B s T 7 98 A
LOEF RN /AN E R R S SR LU A, AT AR HOR AT T AR
AR PRI TR R, JF S ol SC8 4t it A5 A H () Je T 22
MIBARSREZ

19704F,  DURSEH AT H BEAE 3l F S TAERIXUT igs 2 SR HOL S
(GaAlAs) “RISE [ e 1 B 24 ) W HH 1) AL AT 4RFE S0 20dB/ k¥ BEF ™, IX I3
RHEBOR ISR, AN DA REAT IS WERAUE M BLsE, It 1 eeriifs
AR P 4E. B H AT GG RE LA S T 2RI 50T
AR B AR JE K 850nmip B, ARHMIGET I 2 BOEET,  SeUiAl AR B fif
(AIGaAs) - FARBOGAS, GRS I (S1) AR FARPING L AR A Bl
SRS O AR (APD) , X ARG LRI 2 LA19T TR S [ 22N R 3E 47 A gkt
A4, T63Mb/ s IS8 A bras o 2 —AOELFEAE I AR B N 13100m, A 4

o1-



GUPABHD LY PEDFT

FEFAE I Z LT, ZI B AT ST (15 AMIRBRE T 1, AN R K
P R AR R s / 4 % (InGaAsP/InP) - FARBOGHS, JGHRIIES R H 44 (Ge) 4
Bl 19844 5L T TAE P K AE 1310nmi¥) HBOE A1 045 R 4, X2 5 = A RLhdfs .
RO L2 BOCA AR 2, BURHR /DN, AL EE) 2 TR+
ERFNES A o S DU ETIlAR Y i MSOTEAR S T4y, A4S R G A
K 1550nm, A4 BBOELT, 1550nmE A JOCL B RHUREE 1, XAAHR
g8 H e AR ESE AR w0 B o ARS8 DA eRa 5, RAGRIER B E &
B 4F ik K #% (EDFA-Erbium Doped Fiber Amplifier) 1 J% 4r 2 H
(WDM-Wavelength Division Multiplex) XPHIICHEFIA . 19864F J[H g 23
YOI 58— B AP LFBORA", A3 ol LL B G5 5 TIOR8
PG 4k, IXAEGETIIAR K e s b BAT R B 5L, W] A A AR AR
ARG o AR — MG b [ I A 40 2 B8 A5 5 (W 7 S BRI R, 7=
SR T LRI IR, ROREE M T JGEFl (5 %55t . EDFA + WDMfH 731015 75
RORIENN o FRATTFRZ Ry 58 ARG LTI W2 AE AT AR5 o Bl b S 5K
A CER S AEAE . HAT, HIBEREG AR AR 4 (D) i nd
AN AR TE PRV R AL i % s (2) b2 DA T ) i (R AT BRI i o Y Bl P 9 o
HD s (3) S fanaty 56 o FErb, 398 % damidt S an A A5 T8 10 2000 A% i 2 A
2. 5G/sHEmFIL06 /s, BN REEHIFENI R, #IE106 /sik a5 i
1 O I N N AR = P A Tl 1 Y RN g £ B 5 oy VA B S

A TR B /N T-50GHz, DUIBTR RN (1) 5% ks 25 5 DEAR 5 AR W) 1 sh i, 200K
SBCRH 2 (R - 5 40, /DN TR 38 T B i B2 5Kk R G e AT P IR R AR 1k
R R GEA ) LT SNt s o, T ST AR AL S8 ORAS, s 25 7 4%
BHDCE IO GS BT ORGSR 3 AT b 2 G2 TROR # LA L8 B4t ol
LTTCUR AP AE o X LG o] JURMIBE AR I S AT AR 702, 2 H I RS Ui 7T 1
Y PRI Bla Blil EEs ZN:k S St /1322p

XL 0, e R R R & BRSO AATHESK Y H AR,
JCEF R A A G 2% R A TESKR A AR, (1) 6T 21 FTTH. BIER sl (s Kk
JEE PN, AT AR, RN RER K, W him 2 REE I 2, AT
WRIRIESRAERERIN L IR ] 5 283w, Ay RSEHDLET 2 o JELr 27 ik 4 T8



457

B ik

AR B, e A AR NI W) 2199 380 FH P LTI “ i — A L7 S %
(s fE 7 % o BEAE BRI SR AR, SGEF P (0 A KA, A AT B3] 5DSL
MHFCRAH 2, IXAEFTTHRY S AN T B . HadikiE, 19974 HANTT 2wl gt 4G
HKJEFTTH, 20004F i [T~ B AR B AR i A5 1Y - Bkt K . SE 1 7E20024F Hi J5 1) 12
Hr, FTTHR 2R n 7 20% Lk o (R0 Rer 21 g, & A RS
W, EEATETA A FTTHIHFAE L, #EOFC2004_FiZ A w0 il AL ITRE, K
JE R PRI 8 A& O, BRLMAEAR MR IRT P, FTTHI T3 T REAR DN o SEEEE
fiVerizon. Sprint I ELEEEIE, FEAEORC2004_EA2H T flfiT & REFTTHI &I E;
ARITEY . fERE, TR B RIALELAT, JCEFR ) 1 SER W O AR
SR, T201240 00 )5, B AR 3 ke X6 AT 1) 2 B il . W] LA
BOGEF 2 O CEF AR I — AN m, PR AT R AR e 5 S AL, A BRI
FREAZ KN, FTTHR RS2 AN AT BRI (2) 2060 %% . AL M 4%
ST AU A, ABAE 2% 25 AR s AR, BRI T H AT 2R
AR, PR EIE 146 ol R AR, A6 2% LIOGY m AU
W, WA, 5 B A LGB AT M 5 ACHk, AR
JUE B AR BN T4 LURF AT, T R LR Y B e o 420 M 2% BT R4
MUEIAYE . TRt M rE. wEErE. ATy, JRREIRALEORIIAE T KA
L A AR . BARM R, AR, AL AR R G, AT LABERS
BB ST AN A 245 5 A AT IR P 46 o 48R 406 W45 1) 2 Ji ST A ml gk
SETAIRZRERA, B SRR AT Bl E MRS . H AT
A W2 R REAT AL T HIHARY B, AR O SR T R R 5t MR EEH b
A A ILIER) BIWDMEAR 56 BB AR N ERDGM SR, 7 Ao i) 42
S, R HLGIER LB ARG A R R b AR A, B R R AT SR I 3% 1)
2o, WREFAREAR RN RS, BB ARG .

TP LT e R A FarRr e 2 5 DRI B DA Y6 21X D' g & (R R i
PG BURHURERIAEST 0FE . JeeT 2 MaSi02 i, SEfE T AEeer ki,
W, G ORI i b S A LB 2R T A S RO U BRE, M5 i
Pl MERARDGET A SE R (B s ORI IR 9R 38) W] LA HY 1500-1650nm¥ B
FETEIRARA)— BOE ], DGR IEAE 2 051X [, B HDeer st



GUPABHD LY PEDFT

TR U A T I ARBE T 1, IS HD 2Ot S AR I B R 2 1
J WO CET AR POC A AR A R AU AT 21 T KN

1.2 BHEAABRAENXBHARER

EBADCLTHSOOER M BLLIAT, FEHILED CEPAS0E =20 | SLD G
P FARBOC AR SHEIOCU, ST A B A, BRAE SRR
S dole 1, ECLTTCUR SR PR AR AT A KBS RO TR I B rp, — M
T LN TR T AR FE A G U5, B9 E AT T YR . A0 P
M2 o896 % (SLD) , (HSLDIAfrfieiil . e KR ME2E . it DA,
I B TR T, 5REORL IS 2 T RE. ik, A1 RSk
KOG, B H GG U A B3 B ABF ST o T4 8 T ES 1027 1 i
HHE, SNFIREEIAR AL, SO AR D, W B OGO R
R RGEE. AN, JELPERR R RBDER S, A8 S PBDELT AT A R
B, AT EIBE (K5 5 Dh 3R o 3 A AU RV R g, B LERITIT,
P TR ARIERE . B, FE19854F, B LA Citt, o kS
MO G, BT LT R T AR S, JF LT R T 45
RS

B L ICECETEORN H R, BLACEHALHI P A g, o ATt T
— ORI FER SO G . SLDMILL, B T B T AR RITBOR A K
Lk (ASE) el HAT I EE AR e Mol DOt e vi . it D, A A A KAy
wL AETCEHRIER ST (WDGLT FEIRE0) MAELLAE S AR P Je2p 2T AR HI D24 55 40
WA N, BRSO LG (SFS) o Ml LT B AN A -
JL#, UWIEr3+, Nd3+, Yb3+, Pr3+, Tm3+%%, nJLARITEHIARTG A 2 ik B Wi %
JeA i, A SR AN RN I I 2o AT R T B M L2 IR e 2400t
LG, S S KAE1060nm /2 AT, SRIME] T 19894, AN ) 754D
L6, B AOGIR A A L AE S AR 1550nm /e AT, B E AT RS, BEDGLT
(13l (R 7R LI (1 9% 2R AT LLA HY 1500~ 1650nmie BUZ e Ik 1K —
B[], e erm s EE I X e, [FINAE1550nm /e A 2T FEIR R 48
HAT YU IR POt o

H OGP GRS AL A% O A A RS AR 23, P BLAATT—H



457

B ik

AR BRI BRI T OREVEZ R, KIS PR, EDFARIS
HGRLFHOE s KB R AR 2 A7 AR R SR R S ey, BT T G 1) R B AR 2 h B
ATEBHE 66U (ED-SFS) ", i FRZ MASE (Amplified Spontaneous Emission) )
U, RSB HS (Erbium—Doped Fiber Amplifier—EDFA) HIHLA
PR IR, S ARG Rt AR (SLD) AH b BAT IR iR R e e H
hagm . i fasE . A PSR ZEIREEEm N AR S T
BRI R BRI G ERE R, IR GETRRIR . 5 5403 DU 2T, 212
W45 AR 22 DA% B SGIRIN A DWDMYGIE A B4 DG i Ik LA A AT e AR o N I 55 43 4
1F2N T TN

1.3 ARAXHEET/E

AN 25 AT e BV RS8P 5 T 2 A B0 T 1) 445 A8 T XURE T 1) 45
FEFRTIX ) o 55— S B P BT 1 DG 3B 10 A Jee 7 S AN T BT A A RO i) e DL K
XA I B, SR R 9 ICIR ORI TTHS SERN IS (A8 T B PR KA
o S R B TR AW 9 6 TE I AR LB, Ik 9¢ et I i) DU i
FEAGE R UL R AT A R 1K) JURP R G R i 1 A A3 ] o 2 = 5 BBy
TR B R G £T B XL i 1] A5 A A8 J3 (R e BUBR ¢ Y6 EIRRT L o i, 45 R 3R
W XU A5 ) 5 B A R AR AR 22 08+ R03 LA B B K R RS W T 8EAT W A2 14
PEe S VU EENS Ry 15 O 2T ORI [7) S5 AA R B TR LI BOBR 58 D6 G U kAT B
WU T, AR AE R E G K L R R G AR SR G D i, 2R
o e R AT LS, IF LA L K RRE PR AE LR SR
YU A SEZ 56775 TR 5 DU PR B0 23 BT I LAE S, A I SI2 56 45 RN AR S AD 45 FRAH T

o B ZNFIME R 4SO RS



GUPABHD LY PEDFT

EE BRAXARRHERFE
2. BRI IR B AR

2. 1. 12 HAA RN EREHFZ R ERE

1 N196 14FE. Snitzer ¥ YK A IINALE SRS P O ILG, #6 B 170 it i
O TE G B T AT Z . H Ao S ANdHET T 2] T Er, TmAIVh4AE 5y
T R GRS NS T, IR S TR R Bk B4 P IRERE
Er FAfHFHON1L, HARHACH TR E LLssMIbp LT, ZIEILFINNE,
M T AEAL LA 5s25p6 L T8N LT, W FEJE ML I Te )= B U AT IR He,
B, AR BT R EC AL 0 B T SE MR/, X8 T =AM b 2 AMURR (R R 5
(B LT B AT B I W AR RE R ) o X TH6 1, A r Il
P AR B4 FHOR [ B — TR A M4 ™, RS 38 P A TL-SH A RIT-TH & 2
[ o BRI J— AN 18 TR AL T — AN RE LA EAT M AR 5K, ELAT AR )
FERRIR) P (] ) FAR AR AR R 2 (3R, SRR 7 Y RE 4R ) 1) A A

TERIEMAE L, (B T RARA AT DR 1, BRI s R g5 4 LA Bom 2,
(EAE R BEMIBRAE . 2 =M A 1 A A S AR BB R N, S DUt A T ARk,
FCAZ 0 G B T g S 2, BRI A 5sbp b= bR/ EHT , flistark
REZUHE 25/ (FLSEAES 1 023 H X AR BE R W) K 171000 em™) , {H'E 1 2441
FETREA 131 J) B SR AR s i LA A 1 BRIT AR wl BE, M2 K
KI5

BHDGCEFRAE D — PSP BUfi A E A T, RIETVE S 5D GET A I,
JULLFBBAHIRZ AR T, DIOASERE S SISO AT B 1 oe s, I DMERE a4t
TR B IR B R VT e i A B2 o O T IR KR B, BN N B A
AR RS A H , IERDR T REI DB R AR AR S E AR, D
T HA 47 4% (Mode FieldDiameter, MFD, {7 hPm, f5HHBHGET) RiEEM
AL HAR) « BHDGLT IR ARG K20 3-6pm (i RDGET IIMPD (¥ JUA ]
FE9—12um) A, EBAOGCLIMEDEL /N i T (B B MO £F S AR M) fE
ABADCEHORAR I, B HUE SO Z MR 30 T, A AN £F 8
AR R T OGS AR M 350%



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

