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Abstract

In the thesis, we investigate  twa_ topics: First, we report a method for generating
versatile tunable long-period:gratings (LPGs) in photonic crystal fibers (PCFs) by using two
kind of corrugated devices. The central wavelength and rejection bandwidth of LPGs can
be tuned over a broad spectral range with adjustable transmission loss. Spectral fringes
with uneven spacing wre observed in chirped LPGs, depending on the interaction length and
the amount of chirping between the two ends of the LPG, and can be removed by reducing
interaction length and chirping. By utilizing a stress-induced LPG, gain flattening of an
erbium-doped fiber amplifier has also been demonstrated. Second, We investigated the
Q-switched and mode-locked operation in a diode-pumped Nd:GdVO, laser by the
permutation of initial transmittance Toof Cr*":YAG crystal. The highest pulse energy of

Q-switched envelope about 0.096 mJ with output coupler of R = 60% and initial



transmission To= 40% of a Cr:YAG saturable absorber can be obtained at the 15 W pump
power. Finally, supercontinuum is generated by using a Q-switched mode-locked laser

coupling into photonic crystal fiber.




I

BB P AW AR T RALFIIETE R X IFHKT S EDER
ﬁgﬁ‘-&%"i&s@—i TR R IR R E R F TR AR XIS
00" P pFs B V- BRECEACFRLIEHEI EFHERHECHE
g Ao APERHEY B EAPE FAor AR L BT L HHEAP
% f A R e @ &7 M FrX an 58k % o meeting T&Em' R
HEBLFRLEHT AR mFE TR N » ¥V FH N2 F
PR A H AP AR FIREEER > RF R EFARAE 0 ¥ FA P u s
AR FEF R At R R T AR AR F B
TP AGRFELYRT Y BR R PR BBER LS FAR AR E = = MY
EEPBBAE 0 E AR i ARER T 2 L s g

FHEy IEF

>
ok

*i\o

A EY T fesflc T L Blethd A R B SR £ EE S M
[Caellm IC» &3 BRI sB T A - iz - A2k G4 g > BER IR ¥
¥ VY o e B A F R FABAT N Bug T B £ S chpEE
FI R 2 BT ART XD 5 BAT chd= (e |0 ) B AR RGE
RERANE Gy o L Eikpy RN G R% XD AR chpEiE S - A2 P &
A 5 - BRBFOVIR AL AR REERHL DD D/
PR CH R R ERRT DR R RRTAE T A BT
fEARR I P RPARFE R BT AR - o BT R H
B R 3| L R PR B e vk FRC PPEiRE S K OV HHMIIE RO HR AL
it 237 XD« P erate < &> RETIERE~ B - 0
NG L SN TE Bd e ioBy o - ERAEREI= B
(ZB) - pEFFEafem2 R - REBEEFELEE XD(7 B RA) 2%

‘Ji’ﬁmllirsi’g‘|9"3-/).]___‘k; LErERB-f2EN B AL Lwmo - 0



Prigfein? 3o L E menfehd LAl fREY B S FlA- BT = FY%
B EAPRARA SR, L BHEAFREM ICah g A3 X5
APF PO ERRE REALREED

PO T e E L AR P ol P REAS R L Bk
#rin s B3 Pochi> Fotea™ XFITAPFEEL T > NEAPEAPERS
w1 XD ¥ bRy kG RO T Lo e g BPEYF &
Fehit R 0 RA AR T W LE>///< ¥ - 2 e G 3445 2 7 DLSR
R G ERE Al R RAFY IR EP P AR SIS
L FR iR E A E* Discovery 3o A MR BRSO E FEAL AL Z

ne EFF ot XA 31FHZINnB S BEAVEF - Bi- s XBEREFE -

K do b 5 ﬁrg‘ﬁﬂ’ﬁﬁf"ﬂfﬁ&f&/‘fru i 3 2 HHRR PR R LR RS
Afgene 7RG - BTG 0g 5 b SR A BIE L3 R ey
e gk AR AR P 3R & i e 5 VB A sk ie DSLR & A F

frmuscle 42 % 5 8 5 (* G )0 FE ] F 0 B4k Az i RS S XD

st

i R 4 % o 2 E neeting eNBER BR 3 S n
Bots B R B R A - B >4 it ;}a‘r«fr‘;f):ﬁvw« = ENE Y R = gV AT
Bro s BRBV P PARERAIIT-RT FEOFERE o RS R HRFLE

NSC96-2628-M-009-001-MY3 2+ #lent 4% » {2 chpr 3 Frog = & o

2008.07.18 & = 2

<k

A=
oH
X
).
S
f{?\t
=
B
ek



Content

N o 1S = Tod (O g1 TS |
ADSEract (IN ENGLISN) ... ..o e e e e e e ii
ACKNOWIEAGEMENL. .. ... e e e e e e e ee e e e e e e e
(O3] (=10 | PP PPPIRRPPPRPR |
S 0 0 P ¢

I ES o) i =1 o] [T xii

Chapter 1 INtrodUCHION.. . ... oo i ik e hein b e as s e e eee eneeenenere e aenens 1
1.1 Significance of this tRESIS. .. . e e e i e e e e 1
1.2 Background............ k.. . .. S e W e ol .. .. ...
1.2.1 What are photonic crysStal FIBEIS. .. .........c.oviini e 1
1.2.2 Applications of photonic crystal fibers................cccoeciiiii il B
1.2.3 Supercontinuum generation USING PCFS........oii it e e e e e ae s 5
I o T= 0 - €0 ¢
1.2.4. 1 FiDer BragQ grating.......c.uouuoeuie e e e et e e ee e et e e e e e eaeeaeeaeaenens 7
1.2.4.2 LoNg PEriod grating......c.o e e e et et et et e e e e e e 11

1.3 Why long period grating made of photonic crystal..............ccocevvie i 13

1.4 Why Q-switched mode-locked solid state laser.............ccccoveiiiiiiicii i e eenn 14

Vi



1.5 Organization OF the theSIS. .. ... uu it e e e e e e 15

=] (=] €] 00T PP
Chapter 2 ThEO Y ...t e e e e e e e e e e e
2.1 Dispersion relation of PCF -- beam propagation method................cooe i,
2.2 Coupled mode theory of long period grating..........ooveesveii i e e e e
2.3 Model for passively Q-switched laser with simultaneous mode-locking.....................
=] (<] €] 0oL PP
Chapter 3 EXperimentala. . i it i e e e e e e
3.1 Experimental setup OF LPG... ... i ik e b et e b eai e ceee e e venenenaenens
3.1.1 Corrugated JeVICR ... ... . e eee eeee e s e ee e e e e e et e e
3.1.2 PhotonicC Crystal fIREF ... ... .o e e s e vr e rvne s ee b e et e e e e e eaeeaaas
3.1.3 Un-polarized White HGNESOUFCE. .. . .. ... euecaste it e e ee e e eaeeaes
3.1.4 Measurement of transmission spectra of LPG...........ccccoiiiiiiii i i,
3.2 Experimental setup 0f SUPErCONtINUUM... ... i et
3.2.1 Q-switched mode-1ocked 1aSer..........oiiii i
3.2.2 SUPErcONtINUUM gENEIAtION. .. .. ettt et et e ee e e e e e e e e e e e aneeens
Chapter 4 Stress-Induced Versatile Tunable Long-Period Grating
In Photonic Crystal FIDers...... ..o e

4.1 Transmission spectra of LPGs made by V-grooved.............c.ccoiiiiiiiiiiiiici e,

vii

25

29

35

36

36

37

38

38

40



g T O 1Y r= Y 1 S 0

s 7 O o g o T= o I

4.1.3 Polarization dependent LPG..........ouuiiiiei it e e e e e

4.1.4 Generation and elimination of spectrum fringe.............cooviii i,

4.2 Transmission spectra of LPGs made by metallic post.............c.ccoveiiiiiiiiiiiineene.

2 R O o o= o I

4.3 Simulation Of CONStANT LP GS. .. .ot e e e e e e e e e

7N o ] = 1 (o] o P

4.4.1 Gain flattening of Erbium Doped Fiber Amphfiers. ..o oo,

4.5 Summary.............. .. S L

References.................. k', . VOB R T 0 N R L.

Chapter 5 Supercontinuum generation using:Q-switch mode-locking

Nd:GdVvO4 and Nd:LuVO4 laser with Cr4+:YAG saturable absorber.....
5.1 Q-switch mode-locking Nd**:GdVO, with Cr**:YAG saturable absorber...............
5.2 Simulation of Q-switching mode-10CKiNg..........covviii i e
5.3 Supercontinuum generation by QML laser using PCFS...........ccccovviiviiieieennnn,
ST 11 0=

Chapter 6 Conclusions and future Works...............ccooiiii i,

viii

44

46

48

....o0

52

52

54

59

59

60

62

..... 63

69

71

72



List of Figures

Fig. 1.1 Scanning electron microscope image of the end of photonic-crystal-fibers for

index-guiding PCF and photonic bandgap fiber.............cooii i 4
Fig. 1.2 Phase mask technique for writing fiber Bragg grating.............ccocoviiinieann .. 10
Fig. 1.3 The reflection and transmission spectra of a uniform Bragg grating.................... 10
Fig. 1.4 A schematic diagram of a chirped fiber Bragg grating.............ccccovvvviiiiineann .. 11

Fig. 3-1 Novel corrugated devices: wrapping a long copper wire on a cylindrical metallic post,

and V-grooved plate. .. ... ..o e e e, 30
Fig. 3-2 Scanning electron microscope. image of photonic crystal fiber region and core....... 37
Fig. 3-3 Structure of un-polarized white-light............ @00, 38

Fig. 3-4 Schematic of the experimental setup-and-generation of LPGs in PCFs by mechanical
Stress ONtO COrrUQAtEU UEVACE A vuuuseuevetentee e i e hae aneaen et et eeeeens 39

Fig. 3-5 Schematic diagram of diode-pumped Q-switched mode-locked Nd:GdV O, laser. 41

Fig. 3-6 Schematic diagram of noncollinear autocorrelator... .ivov. oo 42
Fig. 3-7 The experimental setup,of supercontinuum generation...................................43
Fig. 4-1 Schematic of the mechanism for tuning the grating periodicity......................... 45

Fig. 4-2 Measured transmission spectra of constant-period gratings obtained by adjusting the

angle between the straight PCF and the V-grooves.............cccooevviiviiviieiiiincne e e 45
Fig. 4-3 Resonant wavelengths measured at different grating periods, as well as the calculated
effective indices differences with respect to resonance wavelengths. ............................45
Fig. 4-4. Transmission spectra for chirped single-LPG by the V-grooved metallic plate....... 48
Fig. 4-5 Transmission spectra for LPFG in PCF taken with polarized light and corresponding

to maximum and minimum amplitudes of transmitted pOwWer.............cooeviviiiiiie e ennn 49
Fig. 4-6. Transmission spectra for Spectral fringes can be obtained from chirped single-LPGs,

iX



and the fringes can be eliminated with proper configuration................cccoeviiiie e enn . 51
Fig. 4-7. Transmission spectra for Spectral fringes with different pressures..................... 51
Fig. 4-8. Transmission spectra for spectral fringes can be obtained from chirped dual-LPGs,

and the fringes can be eliminated with proper configuration................cccooviiie e enn . 52
Fig. 4-9 Schematic of the chirped dual-LPG by period metallic post..............................53

Fig. 4-10. Transmission spectra for chirped single-LPG with different curvatures by wrapping

a long copper wire on a cylindrical metallic post.............c.ccoviiiiiiiiiiiiiii i i e een . D4
Fig. 4-11. The cross section of PCF appear in the CAD WINAOWS..........c.cevvveiiiiinineannnns 55
Fig. 4-12. Material dispersion of the high pure fused-silica fiber..................................56
Fig. 4-13. The effective index of core.mode and high order.cladding mode..................... 58

Fig. 4-14. Transmission spectrum for simulation-and.experiment, and resonant wavelength is
1286 NMm.........oooon. ... il BT SRR SR R 58
Fig. 4-15. The gain flattened EDFA spectrum between 1528-nm and 1562 nm by using the
ChIrPed LPGS.....e e B i i 60

Fig, 5-1. The average power versus pump power at CW state, and QML states with To = 80%,

55%, and 40%0.......ccovveeirervereennn il R oo R Y e 64
Fig, 5-2. Pulse train of QML with To=40%, and 80%0..........cccvevurreereriereerie e 64
Fig, 5-3. Temporal expansion of Q-switching envelope of 80% Cr**:YAG with fitting........ 66
Fig, 5-4. Temporal expansion of Q-switching envelope of 55% Cr**:YAG with fitting........ 66
Fig, 5-5. Temporal expansion of Q-switching envelope of 40% Cr**:YAG with fitting........ 67

Fig, 5-6. Repetition rates versus the pump power at the QML states with T;=80%, 55%, and

Fig, 5-7. The estimated pulse energy versus the pump power at the QML states with To=80%,
Lo L0 To 0 SRR 69

Fig. 5-8. Calculated result for the temporal shape of a single Q-switch pulse for saturable

X



absorbers of T=40% With R=6090..........cccooeiiiiiiiiiiecis s 70
Fig. 5-9. Calculated result for the temporal shape of a single Q-switch pulse for saturable
absorbers of T=55% With R=6090..........cccoieiiiiieiiiecie s 70
Fig. 5-10. Calculated result for the temporal shape of a single Q-switch pulse for saturable
absorbers of T=80% With R=6090..........cccereiiiireiiiecie s 71
Fig. 5-11. The evolutions of spectral broadening for the experimental observation as pumping

Q1012 LT od 1= L= %4

Xi



List of Tables

Table 4-1. The coefficient of Sellmeier equation used in highly pure fused-silica fiber.

xii

56



	Cover_A
	利用光子晶體光纖製做長週期光纖光柵與超連續光譜
	Long-Period Grating and Supercontinuum Generation Using Photonic Crystal Fiber

	Cover_B
	利用光子晶體光纖製造長週期光纖光柵與超連續光譜
	Long Period Grating and Supercontinuum Generation Using Photonic Crystal Fiber

	Abstract_Chinese
	利用光子晶體光纖製作長週期光纖光柵與超連續光譜

	Abstract_English
	Long Period Grating and Supercontinuum Generation Using Photonic Crystal Fiber

	Acknowledgement
	Outline
	List of figures
	list of tables

