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Abstract

Abstract

Fiber gratings, as a kind of optical passive component, have multiple functions
and a wide range of applications. With the rapid development of optical fiber laser,
fiber sensor and fiber communication, there have been higher requirements for the
fiber gratings in terms of special structure and function, extended data range, higher
performance, more fiber types and extreme environment adaptability. As key devices
for the relative applications, new fiber gratings are of great scientific significance and
urgent demand.

Focusing on this research arca, in this thesis, the fabrication, property and
application of the 45 degree tilted fiber grating, excessively tilted fiber grating and
high temperature resistant fiber grating are systematically studied. The main results
and innovations of this thesis are as follows:

1. Fabrication technology of special fiber graings is explored, a mask-scanning
fabrication system is built, and various spectial fiber gratings are written including 45
degree tiled fiber gratings, excessively tilted fiber gratings, type Ia high temperature
resistant fiber gratings, small-period long period fiber gratings, long period fiber
gratings written in few-mode fiber, etc. Besides, a dual-beam-interference-scanning
fabrication system is designed and fabrication of special wavebands fiber gratings is
realized accordingly.

2. The polarization principle and property of 45 degree tiled fiber gratings is
studied in theory. Based on the property, an all fiber polarization interference
comb-like filter with free spectral range of 0.164 nm 1s developed. For the first time,
all-fiber multiwavelength laser based on the new filter is introduced with flat and
uniform multiwavelength spectrum. The laser has 82 peaks within 3 dB bandwidth
and signal-to-noise ratio (SNR) of 33 dB. Besides, the mechanism of dual-wavelength
fiber laser is studied. By employing a 45 degree tiled fiber grating with polarization

extinction ratio of 33 dB, a single-polarization all-fiber dual-wavelength mode-locked
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laser is realized. The dual-wavelength laser centered at 1033 nm and 1053 nm with 3
dB bandwidth of 10 nm has 27 dB degree of polarization.

3. The mode coupling property of excessively tilted fiber gratings is theoretically
researched, the series-dual-wavelength spectrum is analysised and experimentally
verified. The excessively tilted fiber gratings are originally introduced into saturable
absorber based on the coupling property. In the experiment, the transmited light can
interact with nanoparticles by ferroferric-oxide nanoparticles deposited excessively
tilted fiber grating, a saturable absorber with excellent performace is made and
applied in a mode locked fiber laser. The laser can operate at stable mode-locking
state with SNR of 67 dB.

4. Fiber gratings with high temperature resisitance are fabricated in Yb-doped
fibers and Er-doped fibers respectively. At 500°C, the grating still has a high
reflectivity of over 99%. These high temperature resistant fiber gratings written in
gain fibers can contribute to fiber lasers with ultra-short cavity and single longitudinal
mode. Based on a pair of high temperature resistant Yb-doped fiber gratings, a
distributed Bragg reflector (DBR) laser at 1 pum waveband is obtained in the
experiment. The laser with linewidth of 16 pm has a total cavity length of 10 mm and
can operates well at 450°C with over 50 dB SNR. This laser is of great significance
for the high-precision long-distance fiber sensing working in high temperature

environment.

Key Words: 45 degree tilted fiber grating, Excessively tilted fiber grating, High

temperature resistant fiber grating, Fabrication of fiber grating,

Application of fiber grating, Fiber laser
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(a) Grating pairs, (b) Photonic crystal fiber, (¢) Chirped fiber grating
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Figure 1.3 Fiber laser based on intracaivity dispersion management by using chirped fiber

grating [15]
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Figure 1.5 (a) Transmission spectra of gratings with different tilted angles, (b) Transmission

losses of gratings versus tilted angles [26]
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Figure 1.6 Polarization dependent loss property of 45 degree tilted fiber grating [26]
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F1E 55

M BEAE RO ET L & IR, SEBLFEE R OGET B RIHI& bl 45 FEmR
FeEF A, FF ELAE 2010 SEFIFRIE AT 45 FE R AR SR iR R 1 A 5 R etk
AT T RZAMBE 28], W 1.7 Fras, 45 EHADGE A Im iR DS Fe DG
MRS, HEAMICHR. A NIER K28 K 45 FIRDCE ol
FridAl A RE . b, 45 FEMIRBDEE e BA T30 B AR m 2, He o
Ko T IA B Ak IR EEXS 45 FEMURD AR 00 fema L HEAT 1 AR, Xy
T EIBKHY 45 FEIRFDGLT G, Sk 20 CHTFZE 90°CIF, HoAdRAH 4k ke
LG T 0.5 dB, JLFAZEIER M. 2012 4, ZEE S8 IRERmELT
T 45 FEMRIEA e, FFSEI A A R AR L s . 20 1.8 (a) A1 (b))

ST, 45 BEBRDGEDE R TR RO ET e a1, R4 Y 48
mm K 45 FERFDGE EMAE 1550 nm 4L B E 46 dB mE kL, EAE 50 nm 8
FE B2 0T 40 dB[29]. XU TS —0HES) 1 45 FEMIRBDE A A A

30 4 = Before annealing
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B 1.7 45 BREE Gl miRmFae 28]
Figure 1.7 Polarization dependent loss property of 45 degree tilted fiber grating [28]

B 18 HRMLE (2 8% (b PREHRIR 45 BEFDLE LM HE129]
Figure 1.8 Structure of 45 degree tilted fiber grating fabricated in polarization maintaining

fiber along (a) slow axis and (b) fast axis [29]
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Fr b L ET Sl R AT O ROR P B R A B

B2 AR TR B RO R . FESCEFBOCM AT E, 2009 &, S EH A HTEUR S AY
RARESE AR 45 FEMADEAF el T8 e 4 Bt A B it Eh i B [30],
HEHIE 1.9 Fros. EER 45 EMFDLE M2, BothtMmEetE RE 2
dB, TEFIA 45 BEHFOCE UM, ot RS LGR TIRRLET, &
F35dB. 7E 5 /hE RIS, HiEkLESIRF 2 dB.

EDF OIS
WDM

OIS Circulator 45°-TFG

PC 10:90
coupler

Laser
Out

B 1.9 ET 45 MM LLAEHELROLR30]
Figure 1.9 High polalization extinction ratio laser based on 45 degree tilted fiber grating [30]

R 45 EEMAEA SEMIE T DLseHLE S B0 85 U S & M IR BE R R
(Nonlinear polarization rotation, NPR). ZRJG4 #0063 MMM inmE 1.10
Fia, BAGHICILET 45 FEARMB JC AT Y6 o B 7 7 k4% 71 25 2 [A] LASE 3N
BOLRR IS A EY NPR 8, H A #34E564F (Yb-doped fiber, YDF) FIR4E T{EHE
B 4 MBS (Er-doped fiber, EDF)Y B354 04T (Tm-doped fiber, TDF).
BITHA 45 EMA A MR BRI TR BB NE RS, LI T AR
JERI B AL, RATAFBCCHENERELEEME. 2010 £, EEFHTER
ZHEREENTIXIRE T ZRET 45 BUA A el SR e 06 88311,
SEIN T 600 fs. 1 nT BYAR S SOt B H D6 8 7E 1548-1562 nm 2 [A] A] 1. 2012
=, h EFE R 2 AR BN 7 AT 00X E B R S E B AR ER M E R R
FZARHE 1 pm BB 45 B CMSEIN [ YDF JHEDLEFBOCEE[32]. &
KA EA 33 dB mIRAMARARFER 45 MMM, K5 T BA 26 dB =i
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F1E5lE

St 4 ps BKEE . 9 nm A EEROFERGLT kit . 2013 4, ERL SR P 2O SR
LA TE AT 10X B AAEEE T 45 FEMIRL SRR 6 i B 56 41 B e 48 s o
TR, R T RS R B TR R EE LR AN
B8R T [33] . [FIAF, £ [ A B oK 27 PR R R 78 O A SR AE 4 55 N SE R
TET 45 BEWRLGET MR L ET RO RO ko 5 B2, R 45 BERDL Tt
M RRE A AEEE, ]S 7T 100 fs BIkkeh, THHHIEN 8 mW,
Bkt BE R 1.68 nl[34]. 2014 4F, FEF BHELR =280 L) A 3 [F ] 5ok S0 E) 58
FZ A, A OREARTE 2000 nm #7545 FEWADEEGMSTIL T TDF S804 3
FAR[35]. EARIEHBTRAIRT 45 FEMRL S A BT 1850-2150 nm YEE N EH K
T 12 dB FImiRAIFE, EOLSREAL 1922.7 om, BA 2.02 nm 7%, 2.2ps fik
WEAK 746 pl Bk EEE . 2015 6, BERUHEFERFEAYIKAR XS SE AR 45 JE M
FOGE O B 206 AT R SR> T RIS ROG I s, 3815 T 251.3 MHz (975 B4R
BEIERE, BRI BTN 96.7 £5[36]. 2017 4F, LGRS AmiEs A\ @i
45 LA LM R AR RO EL T 33 ps. WA 0.15 nm [ AR
JGETEOGAS, HEIHIIER 1.2 mW, EWEN 70 dB[37]; SEELT AT 45 B
Faeral s Q SHEFRDE, Mt T 17.5 mW, BK T 466 ns. HBkMEL &
72.7 nJ[38]: FIFH 45 EMHF A R BR g K E LI T B, A B R e AR Y
45 FEMRARL S A el 4 m) Se 8l 7RG DI 4.6 nm A2 15.26 nm Y5115 18[39].
2018 1F, ZIRMA R EAE 24 dB FRdRHCHRFERT 45 FEMURI AT S sEEl 1
BOGBIEE, HEBRAEFIERT 8.1%, {SHEA 61.9 dB[40]. 45 FEMEL A et
B SRR AHESD T oG ETROE U H R BB O S B R RR .

45° TFG PCl

1111 OS]

YDF

B 110 FT 45 ZEFCE I NPR BIBOLAHOER 321
Figure 1.10 NPR mode-locked fiber laser based on 45 degree tilted fiber grating[32]
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R MO A A M R AR ORI PRI AR A

TESCEF SR T, 2010 4, REBELRE VLA & AR R 45 Ei5
RO AME AR IR LI S TR 2 e bR B 28 [41]. LM a et 1
B AT LR, T G TR AR HEm e R E g+ &
FJLTR, BERNERFIH A E SO a3, SRR de k2l
SR ELANERE P R Bl Lo DRI, SEIR AT 7R 52 e T 2 - R TR B 28 AR R .
2011 5, SEHL T 1065 nm BT 45 RGO RT R 2 AT R g &5, HAH R
B 111 fias, FE SRR 0.5 dB, HINREIE 8 W K F5 B AT 14
dB[42]. 2012 /7, HER AT R E T S AR RWGET BHIfER 45 T
FORA O E TR T A A e IR TR R 43, RIWCEF N 20 em B, B
JEE A 26.6 nm, fRIBYEEFEIE A 40 em B, H BBIEEELS 14.8 nm. 2012
O, o ] S5 A 5 A e [ A 2 5 1 2 0 Sk S LB 7 BT PO 7 BT BA R S
T 45 BRI 2t A I 3R T- 10 B 28 S 1 A B Ao
R AT T I A A B R R e R AR, ELHC S T O L AT A
25.7 dB[44]. Fi4b. IBIERZIERE A TR, R BUREON R TR A Al BAE
1545-1565 nm Z A1 . 2013 48, FIH 45 FEHRGEF AR S2El T 58 m] I i
PRI, BT PR 2T BT 5 52 S0 P R0 3 T i i SR A TR P T
A S B 98 A5 Y R [45]. 6T 18 em A1 40 em B R FLUEL T R B A
AIAIEE] 0.616 nm/°C 1 0.31 nm/°C, HAEGOGAATR& i fE B REUE = T
2B, EREERPEERENER.

On-axis splice / 45° off-axis splice
\ % sls P - -é@ /
EXraE: NI/\

Low-bi fiber

Forward propagation

PV AN} 0

Backward propagation

T N\ $ :I:

B 11 ET 45 BRI 2t A R TR R R [43]
Figure 1.11 All fiber high power isolator based on 45 degree tilted fiber grating [43]

WAk, =it 45 EERDEZHOEMN, p Mk BAGRAEET, W os Wik
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1% 5

5y B O O AP AR B R B, R H AR NSO A A R sE S A . B
MR HIE —RE 45 FEREER et il LAE A — R AR 1 R A AT S . F
FIRTEGAT R B3R, o (1 B Bl R 2 ol o B AT 72 o O AT L IS5 N kR A
45 FERRGE AR SEI T 2 NEF RS [46]. G0kl 1.12 s, M 45 BEERE
SEE A RS & R 2 E A B RR B TEL M CCD BRI b sl (it
T 1430-1700 nm, 433534 0.13 nmipixel, HHFREHRT CCD 5| 5%
MRS . CCD AR5 R LA RRES BB A/, I G e at e A
FOEER T LU — PR Z e IS, BT 45 AR R r A R AT
SO, DY A B TS B, Y R BRI B S B R AR IR 47 - 2014
T, B L AAUR B R R K 5 DL 5 [ R K58 R 800 nm B 45 FE(R
JEER M SE I A U T T R R AR [48]. 2015 1R, R iR
R 250 45 FEMAD R AR e SR BT TR S0, FRaR0H 45 FEERb Attt
AR SN BRI [49]. 2017 48, PR RIS 1 45 BRD LA
MRS A B, BB R 1550 nm JRE 748 nm B A A G KA N
0.053 °/nm[50]. HAT, % T 45 BERGEF e SR et i aast 8 A, i
— B IR R LR AR R

Fiber

Linear
CCD array

DL oSP

Cylindrical lens

112 ETF 45 BEHEHOCA e g LB iR & [46]

Figure 1.12 Spectrometer based on 43 degree tilted fiber grating [46]

122 KEEMPxTRMHAFHTR

KA IR ee e R AT 669 B, WEcPliiAaEsiss, |
RIARB UG, HEME TS — RARIRIEZ M ZE, thit,
HALL T I HAYEAF M, A A FE AL PR 4T Yot Ho SR IR B A Y R DL R e
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Fr b LA SO I RAE AP B R A PRI A

SPAIIRIC i S e

2006 1 , 7 [ ] 7 4 = 1) B L 5 AR ) SRR AR 49 1 77 v 5104F T R 813
FEMUAR A B0 AR S A5 1), HoBE et 1.13 Ars, KA B
A UG AT A ER S R B E AR, HlE T IRIFRIE RS g R RN
TERE. B 1.14 R ZKARMFDL ol BABIRKEEREE, 17 1270
nm. 1274 nm. 1637 nm. 1644 nm A& HTEE R B 5550108 3.8 pm/°C., 3.4 pm/°C,
7.8 pm/°C LA 7.5 pm/°C, LK JEIASHE LM R R BUE T 20— 185, 1
0 T3 ) G ETAT T A% SE (10 pm/°C) X FEHR FiLE N T B R R A KA E
MR L E MR G AT i ] BB B, X T 81 EEMURIG AT St H iy Y6 £ ml 1
FARA A 28 um, AT BASCAF uilte B A CHAY(E 24 300-500 pm) . [E4E,
IR AR B T A EEURL SR AT S R Ay A 4 B AR R . 81 FEMIRI A
JEMHAE 1680 nm AR N ) REUE R 1.8 pm/pe. B2 K AL G H
oM 1.3 R 148, 7£ 1200 nm FIREA UG KIEFE 15 nm, 4E 1700 nm (19
WhE I IR 30 nm. X T 133 478t 26, KAEMROLEDEME 1700 nm #54&
AT B 2 R SUE R IL 340 nm/RIU, HofE g AR it i an il Se R U1 S
T8 6, ZRETRAEMESLA G LA MARRSE G EEE, B
BRI LB RE R, AR 2 5 2 RIS IR BRI R ma[52] . 2006 48, J F
S R 25 17 R I WA 5 T T 98 2R B DR A AR o6 2 o' i o A 241 5 (9 B S A
Flnl e FESERH, 81 FEMAEEA AT F 60 FEAZEE 14.3 Wiradm)I R
BUEE[53]. 2009 F, T [ Bl B A7 SOR A R A BE RS 27 Dt SR T R 1] 4 4
LR (54]. E R E T KA EMADEER SO 6T 5= B AR 0] LA &
185 1] 67 A2 B SR B O W] A 43 9 L T AT LA B ) e L R 1.61077 2017 £E,
HRE TR MM AR R A B e e se Bl 17 280 I 3 v 2 40 4%
A TG BES, AT LS B 2 0 T LR R B R R o B R AT A4 [55] 0 2018 4R,
VB b Tl R 2 32 2R3 S5 N\ A R A R e 4 S i DL AL 7 & HE G s il 1 i &
PR RS N & [56]. IXFhES o] LU R BIVE 70 #F . AT DU 27 22 I PR BT 4
E, WMAFEME M. H4b, e KA MR LA el R FE A
SN, I T RS R AR AL R AR A, v LK B R B A
EHERE. £ NEMFEEEREERAN (0-8 mM) REEIEE T 1.33 nm/mg/ml,
= TSI E T E i BB (0.8 nm/mg/ml).
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Figure 1.13 Transmission spectra of 81 degree tilted fiber grating [51]
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Figure 1.14 Wavelength shift versus temperature of 81 degree tilted fiber grating [51]

WS, AT E— SR KA MR A e e, BYRE LR BRI T
REMMA. 2015 47, YRR A dr R it 22 0%k AU AL BT 11
THBENCBARCAHELEZS T 81 BEAEF A 45 BETRD AR M,
A ESCBL T 3 i 30 SORATAR R ER[5T] . 37 i AR A B BRI IR R 58 SUR
FE (733 pm/°C), £E 1.345 T F R REEF R 180 nm/RIU, (£ 1.412 Frif FHR
B 9 926 nm/RIU. JRALAEEAR NI T 3.06 dB/mm L REUE . RS, fh
ISAE 62.5 pm A E TR HIE 7 RA RGOSR T 7 AME
A LT SR B I R R, 7 1345 R4 p R RS T IE 1180
nm/RIU[58] - 380 A A AT M AT ek e i S p e i v] DU SR A 2

15



R MO A A M R AR ORI PRI AR A

R T3 T8 O R A R (1R . 2016 4F, B2 [ B il A 221 Abdulyezir A.
Badmos <5 NIEIER KA B ROGET AR B AR B+ R, SEH 1 1.344-1.374
Prit A f i 241.79 nm/RIU B R BEE[59]. 2016 5, PHAL Tk K52 30085E A
DI RV oV N WP D2 T it w o K R L | e e = AL D BV 2 SR o S e
KA BEURD e RS2 TE 02 R BB BRI AR TM B2 2 K
B, i 115 Frs[e0]. 2017 4, ShRECRETT 7 A B IIRGET Al
W& O TR AT 2 REUE R [61]. BTFEEN, e i a BRI
o B R S REERAK, 78 1550 nm P4, 28, 31, 35, 40 Mr&EEEHEE
REFES RN 9 pm/°C. 6.8 pm/°C. 5.6 pm/°C 1 4 pm/°C. BRI E R 2
[FIER I BT AT S e 4 0 AR T DA S A S RS . K e R4
28, 31, 35, 43 B BRI REUE 7374 2250 ny/RIU @1.408, 864
nm/RIU @1.395. 1536 nm/RIU @1.380 LA K 1360 nm/RIU @1.355, 2018 7F, H
PRI TR 5 57 M A5 AT R A JE RO £ DAl A B 2 HEAT TR i Bt o 4R
WERRHE. EZRE T, FIAAEE IR A A EM 125 pm Jb
£ 15 um, TR A A B RDGEF AR 1.33 R REERAT 6
BREA[62]. FF, WMRFEIRH T T L RS T K A R LT i i
R BRI, FROE A, B R R U R AIAR] 121829
nm/RIU[63] .

B 115 KA P CHRE RMHR A5 BRI 60
Figure 1.15 Schematic model of excessively titled fiber grating to graphene hybrid

wave-guide [60]

MRS A EE, KARMEDLEUA R LR —F A R K A DA
Jetlh s BE TR A I G E B2 T BTG AT BLP AR AR A BE £ el S5 R Bt
LA PR RO S S [ R IUA S LS o R e 0 22 0 SR
BT FCRT RGBT T B, BRI A IR IR EL 1 2R A TR
R E SIS . BN B RERE A (1.315-1.395), 25 pm B
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F1E5lE

BB et 0 R 8B 3125 nm/RIU, 25 B #0021 56 AE RIAE TE IR Y 69
10 f5[64]. £ 1.3328-1.3544 i BN, 15 um EAIANKEA A MES
505 nm/RIU {) R §1E[65].

7o, RASEMRDA S B T R IR SE . IR, DAEARS
Frtt, EREARCSNATEEAE —ERNA . 2009 &, 5 EH R LS A
TS NTH 77 FEAR A SEMHE i AH DG e # SE L 1 SRt AR 1
otz {EMeLSIE 60 dB, AEAHILL RN T 50 dB[66]. 2015 4F, T B HE A
REEFRAE SR A A BRSO R 3R R MESE I T AT RE TR R R Q A1
PR ILTROGER[67]. Kie R 78 LA GAaM, ££ 1200-1700 nm 5[ A
Rl T IR B B XU E ST . ARSI Q HobSH AR, WIAE 15549 nm Al
1561 nm P MEEAL I . BURECDRIL 7R, PO AE 1554.8 nm
Al 1560.9 nm, FF4HEA 0.65 nm Fl 0.43 nm M5 . 2016 &£, R oiHRHE K
R0 S [ ] B 0 A A T A R S A e I SR S A e R S R T IR
AARIRE I TREEIRT, 8 HZ ISR B T RAWD IER IR I R
KA S L R [68]. B AT, KABMFDCE oMt = =N A E LA LT,
FE A HOE AR ST BRI B T (A .

123 WEiRSeer tMitRAzR

AT S IR R R S AR A, BHIE TAEE M SaET ARl S AT SR AR
ZIGCIRS 27 AT R AL, S 2R MRS SR et £
GG Ta BUFRAF Al T 2SR ASailt, T4 Fear Jallt B & Tla 2 S64F Sait

2002 £, FEERHIT ST Y. Liv AR T EEELE ERIEROBE
HEIE L I R [69]. BEFAT AT A BI RS, S et &k 2l
TRIE N, TEIR BRI SO ET B 58 FE RO T BRI, 72 2R I W FEAC S
JEEF SEMHE I 5B 2 BERR 5 AR U 7T ) A — AR, Hou A e SR g
1hEE R EESEMAIRRA Ta ALEE UM, A EGIE A POEI SR K
£ EMLE (FTRTF 10 nm), ZFRA SBT3 5 BT LA 107
B, "L S00C LA AR, [FIAFE, SRR S 5 i ET 55 5055 A T 3
SRR E LG N R B B, RN R BRI, W R E
B, B Ia ESGEOSUME A RILHIRE RGE[70]. 2005 &, BB AKFER L
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Fr b LA SO I RAE AP B R A PRI A

Canning F ABHA T AU T #ESEEF 51 NBTAT AR 71]. 2008 &, B8
REM I Canning 5 A RGHHIT T Ta BUEFEM, 7R3 GeO, HEFHHIFEM Ta
ASGEF UM AR 500°C & 72] .

Ila BCE0MMEE STt 8, HR—MIERTEMT AL M. X
FG el B RO AR LT T BOBE i, HIXRITE T 1a BY50EF S0 75 21T
FEBELEA EhlfE, HARGES R EAENRRKER . il Ta 240
W— R A RBUN . SaltERS . FAEME S IM6E. 199% F, LEEZ
L KX F A L. Dong % AR A 193 nm #E7r THOGES SRHL T Fh S 30040 6 73] -
1997 4F, FEEE TREREERT JLIR Tsabelle Riant 25 AW T A FB4 R AR EE
FRERIJEEFTE 193 nm Fl 240 nm B8N, JRRIE T Ha ZBUOBEF L™ AL B0 2% 4F
[74]. 2004 4F, &% JE K%M Nathaniel Groothoff %5 AfifEY ITa %Y 4T St M AT &
5 800°CHEL[75]. 2009 &, MAEH T4 SHOEH AN SR 4F
EHIE T a BFeaFJetlt, HREMEE 700CH 2 —¥F, 12 800°CH JH4
HEBR[76]. 2014 4. Om Prakash % AFI A 255 nm BI5IERHE T 72 800°CHaEHY
a G EF00MW 771 2015 58, Frg KM RMESSEALE 3.5 um. 6.5 pm. 8.5 um
HEMA LHIE 7 RI&ESZ 800°C iR Ta AL M, H4H5 iR mb 435
B LA Ia BO6ET i 7 5[ 78] «

AL MR A T A e A Seiibiir 500°C UL LM R IRIE K AR, =
i 5 AR P B R N R AR B S B L, TE AR AT B AL,
2002 £, M. Fokine 5¢ A& HL T IXFELR, JEFIA 1000°C B = iR KA BEFI/E T
A 7K 52 1000°C I A SBET 6791, 2008 £, B JE K 1. Canning 8 ARHE T
2 A% st B R T R T A AT M B TR LB, AR S AN IR X
S AN B SG DX A AR v IR T R 3 AN [E] R BB AT A T RJE B MR il [80]. R I
193 nm OB ZRIE K L ZEMEILE 004 R BAser ot a & %
1000°C iR HIXM AL O — BUR FRAR ., JeiEkiZE. 2009 F, #E
HRZE 6 FH ARBR 5T AT Eric Lindner | AN E RSN ®mBRIGHOLE FRlET
A B EM, ZEME 550°C BB RIFH RSB REE81]. 2011 4, BJER
22 J. Canning 55 NN BAGEF UMY SR Z 48 T 2 35%(82]. R4, PLZEE K
M1 Tong Chen 55 A FH 800°CIRKAEEF AL M I E EAIE T A,
HH83]. 2013 £, JLRIZEM K SEANTE KNS Tao Wang %8 ANBEFE T B AL
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F1E5lE

B A A N 84

IT AL A S0 R 36 N %) 5 s A Bk b B B 2 BRI (E, BBk
ZEK ANMERI P B 2 AT IR T 5 B T B R R R AE 15 £ N
BEIRER, WA M AT LR 2 1000°C RIS iR. 1992 F, EEGFERS
A SEIR T C. G. Askins 5 AFF 20ns Bk H KeF - THOGHEIREMET 1
AGGE e, R 2%[85]. 2003 F, MERMEHFH LM Stephen .
Mihailov 25 AR H 120 fs. 800 nm 8 A A FEAREL 5IME T 6 4F A fr p8 i, 42
300°C T iR A #E R [86]. 2007 &, & JE KZEFIH 800 nm KW A WIMHEULHIE
T—RERF TR A ATl [87, 88]. IXLLHF TLHEME T 11 BB A M VR
ZIEHEA. 2013 5, FHHE T K%K CR Liao AR R XERNATEAE
See el M B T A e A e AT AR 1200°C &R, £ A e e Mg 1 ALy
£F 5 AT A 2 1745°C B [89]-

e, T S e i ot £ A AT O B 2 AT LA SRR e IR A AT B S
(Distributed Bragg Reflector, DBR) BUGEs, L Esh=LEK RS, HEAE
SR REE. EEOMEUREE. 2006 &, FERFT S Y. Lai S AR
H T RS 5 i 54E 17 DBR #ot, 0T LUK 600°C[90]. 2008 4, REHET
KEFE EvYb SLBEOLE FHBEZIS T — % & B R A O 27 70 Rk ot SE B
DBR %, 30T A& 500°CER[91]. 2013 £, TLZE 4 K% Rongzhang Chen
AL 15 om KIBHIGA P B4 7 — X A SEM LBl T DBR Bohds,
BOGE IR AES] | mW BHAE 750°C FRIILEREHS R A 1.06%[92]. 2015 4,
Frr NEB RIS S AR A La B0 sE ] T #E B DBR o, HEEK
RA 13mm, 1E 600 & KEMEE R EEHN 12.03 pm/ C[93].

1.3 IREXEHRASE

JGEG AT SE IR IR . R, ARG, RN AR SRR, R
CHUEBESZRIRE. fEA—F R, B0, Suauilxs Touar o, Jui
1S LEE RSB A EECEIEA .. AMEER MR R, S@Ers
M BT Ry RE R —, TFEHL 7SR AU AR, R TR A Ot
WS A& T 7B )BT oK AR W B P AR e et B A YR PR L A
SN HFE, HAEEEAMNER, FFHEEE R o, ARSI
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St BA R KN, A I B ORI R AR L OGEIBOGEE ROt
SHERRFPIONA . B, FREM LA SEAN AN AREER
IR (2

B ZX AW T 77 1], A SCAE [ YA TRt L, SRATT IR T 2 MRt et e
W], Bt T R R TR, BB RA SR

FE: N8 TRMOLE AR R B UK E RS TR

B NEDUESEIMIOR SRR, ARt S EE Ik,
FOLLDOUH AR AR E IR DL R D CED i e R EE R AR .

FHET . AT IGEOC SRS R Bl ZS R4, Wi
FEZLE T LIRSl

S W70 T 45 BRSO RIRNIE JRRE, PR TR T 45 [
FOGE U B 2O ET AR T BRI AR - A CEFBOLES LA R SRR XUBAG 2T
St LTSI

FHE IR A EBRDCE S BRI 7T, AR A R RDGET e
ARAA SRR A Al AT R R £ R R SEEL T BRTRO b B

FNE: Eminst ESCEl T Al LUK S00°CRIRM JeEt e, ARt
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B2 E LR SRR

F2E AANHMESERS
MEREI R R EE., A% BERN L R R AE SR T, BT
A] DL F #4640 AT R R St . BRI 6 A1 S A DL K ) HA e S el AT 5 &%
FERGERR 2 Ab, 6 0] B SRR AL A M e . BARRAE SR B a1
SCHR[O4) R[9SR &R, B2 HIAE SR A7 0 & [/ 5Lk [96-99] .

2.1 RAXMHNEXIESEIRL
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Figure 3.15 Microscopy image of a 45 degree tilted fiber grating
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Figure 3.16 Measurement photograph of polarization extinction ratio of 45 degree tilted

fiber grating
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Figure 3.18 Principle of fiber grating fabrication based on amplitude mask
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Figure 3.19 Fabrication of excessively tilted fiber grating based on amplitude mask
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Figure 3.20 Transmission spectrum of 83 degree tilted fiber grating (Green line)
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Figure 3.21 Dual-beam interference scanning fabrication system
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Figure 3.22 Transmission spectrum of 931 nm fiber Bragg grating
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Figure 3.23 Transmission spectrum of 1337 nm fiber Bragg grating
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Figure 4.1 Vector phase-match condition for a 45 degree tilted fiber grating
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Figure 4.2 PDL spectra of 45 TFGs with three different grating lengths. (Inset:
PDL at central wavelength against the length of 45 TFG) [28]
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Figure 4.3 AFPIF hased on 45 degree tilted fih er graitings
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Figure 4.7 Transmission spectrum of AFPIF with 0.164 nm FSR
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Figure 4.8 Schematic diagram of the proposed multiwavelength fiber laser based on AFPIF
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Figure 4.20 Spectra of multiwavelength-like lasing operation
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Figure 4.21 The simulated transmission coefficient versus phase shift
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Figure 4.24 Pulse train of the single polarization dual-wavelength fiber laser
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Figure 4.25 Autocorrelation trace of the single polarization dual-wavelength fiber laser
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Figure 5.10 The interaction of light and nanomaterials based on D-shaped fiber [165]
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Figure 5.11 The interaction of light and nanomaterials based on excessively tilted fiber

grating
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Figure 5.12 (a) Photograph and (b) the scanning electron microscope image of Fe;O,
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Figure 5.13 The transmission of the Fe; O, nanoparticles
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Figure 5.14 The transmission spectra of the saturable absorber based on excessively titled

fiber grating
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RAMAFEA— BRI TR Ao, SR REAR L ps, EERE
MR THEBRHRAZENEINZE 7.36 mW (1785, & AP LHEKER R 0.12nm,
=3 dB HEAMWNT 019 nm. £ME, HE 516 fi, ZAEEMAREERN
EHRIE A 2.46%.

50
Coupler
S50%

B 515 PANENENEES

Figure 5.15 Experimental setup of the balanced twin-detector measurement device
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Figure 5.16 The nonlinear transmission curve of the saturable absorber
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Figure 5.17 The setup of mode-locked fiber grating using excessively tilted fiber grating

based saturable absorber
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Figure 5.18 Output power as a function of incident pump power
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Figure 5.19 Spectra of the mode-locked fiber laser
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Figure 5.20 The waveform of the pulse train of the mode-locked fiber laser
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Figure 5.21 Autocorrelation trace of the mode-locked fiber laser
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Figure 5.22 Radio frequency spectrum of the mode-locked fiber laser

KT RO R 8.

(1) ARSI, RRRit i B B R e B K f B AL b
BERBOGE NPR 9. 75 KA EMRDCLDUMER AT FesOq 9K FRL 1T,
FEVE A Y T R R T B R Th 3 (K 300 mW) 70k seal oL B B
TN, R T FesOq GKMEH R A B HADEAH M s K B R E 5.6
dB (FEBBL AL NN T 2 dB), X ZB0R sl WA IRIEZeME, AR RISk
HL NPR 8k,

(2) WOLSBEK LA 1595 am, FFAL T K MAEWREA

81



Fr b LA SO I RAE AP B R A PRI A

W B R AR Sk 1599 nm AT 1605 nm 4k 1RHE & 5.14, 1E 1599 nm ALHIHE & 5%
FER KN 5.6 dB, R R 72. 5% A% & R03; ££ 1595 nm 40, MBI VE SRR IZH 4%
HABGIEE IS Erl M 0.94dB iEiE % 1.76 dB, X5/ 19.5-33.3%HIFE &R . X}
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53 hE

A'mAERR ., i PR T RARBURSGA il i R LS, ot TR
FEARL ARG 2T St o) J& BALAS [FIRT 7R B TE I TM RS IR IR R R, B T
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=
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6.1.1 la Bt EE A JRIE
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H, UK 100 bar, AR E A 48

KH MBS A AR JOBE AT B RS RS, AN ERN 6.8 im, &
EHEAN 125 um, FEFLE A 0.174, 975 nm ALK A% 60 dB/m. AEATHE
AR T A A A 733.79 nm, R FEA AR A0UE KO 1 pm BB FEF AT GIAE R G
CEFZENH. BINEELMIIERERN 65 mW, JEHIRNEE R 50 uns,
LN 3 mm.e FEESEHMIE TS H IS (Yokogawa AQ6370D) A1 1 um
B ASE JBIRIIE .

Ta ZBUBARJCET M HI AR 7R T B STOG IR E 6.1 P, Al Bl A=A
Bt EE—AEBL JeHHERERWEM, HAE 7 o RN RIR G E A B mAT,
SR Y 41.25 dB (RUHEE 99.99%), BLIRGET Ul IH BB E i, fEEBTE
WA LTI Rt BT S 0 R, Hok K a2 0.26 nm AR ZABTEL,
BEE B AMGRIRREE R, SUET B SR BT IRIBHT A, &8 15 b, 2R
JETRIEE 15 dB, KA M4EEHER 0.41 nm. (R =R S6ertit
M aREARB AL, RiMkrEgm, HEK4GEREaR. 21T 40 58 rE8A0
R0, S AT M SR B e 4404 31 38.5 dBUSUHTEE 99.98%), 10K £ 77 1070.5 nm.
S ke, HA O K208 1069.6 nm.

BHGA A E Fibercore 23 A 125 J64F, 8 EHZN 3 um, BEHERZN
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G FRER A E I 1071.92 nm, XEREEEMINE KA 1.5 um BB BHNE
ST R B A 80 mW, JERAREEA 50 pm/s, HIHKENRN 6 mm. JHEF
SO B B B S B A R R YR (NKT SuperK Compact) #ll & .

Ta BB GET ot A 2 BB SIS AL i B 6.2 Bis . Al [a BB
FREIELTAEREM, EE AR, S0 30 28RBS R, el R A
MmE 33 dB (RATEE 99.95%), BHKFEHHEER 0.56 nm. 725 —1FrE, 2
150 73 M AMERESE, ME B R R A BEE 2.1 dB, B I K77 Ia 4%
BER 1.22 nm. FEFE=DEBL 20t 210 B SNEEE, SGET iR
2434 %] 28.3 dB (/5T 3 99.95%), PR K 77 [EH 0.52 nm, HOL KA
1555.7nm. ZiRK G, K LEKLH 15555 nm.

84



%6 F Ta MR UM A DBR BOLHIN HR A

Type | Stage

20

-304

Decay Stage

\
\
-10 4 o
g -20 -
g
8
2 304
B Type |IA Stage

-204

-304

-40

-50

T T 1
1069.5 10705 1071.0 1071.5

Wavelength (nm)

T
1070.0

Bl 6.1 Ta BB LIRS KB E L

Figure 6.1 Transmission spectra evaluation during the fabrication of type Ia grating in
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Figure 6.3 Reflectivity intensity of the type Ia Yb-doped fiber grating at different

temperature
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ot Il BRI IR Z A7), JF BARRE KOG, Sl ThER AR HEZE
0.071, LK)/ T 0.01 nm.

0 1075

1074

1073

00-0(01g0-0-0-0-20 4 ¢ o0 ¢ 0000000

1072

Power (dBm)
Wavelength (nm)

1071

1070

1069

0 20 40 60 80 100 120
Time (min)

& 6.9 TR DBR JCAHOGETE 450°C T f R 2k
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