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Abstract

Absiract

Recent years, all-fiber multiwavelength lasers have attracted much
attention, for their various applications in WDM systems, high-sensitivity
fiber sensing, high-resolution optical spectroscopy, and microwave photonics,
Among .ihem, DFB fiber laser has advantages for its simple structure, efficient
fabrication, and ease to realize single longitudinal mode oscillation. The main
topic of this thesis focuses on the realization of a dual-wavelength single
longitudinal mode DFB fiber laser and its application in microwave
generation.

The most crucial challenge in achieving multiwavelength oscillation in
fiber laser is to overcome the mode competition caused by the homogeneous
broadening of the gain medium, which usually leads to single wavelength
oscillation. The mode competition is much more serious in DFB structures, as
lasing powers of different wavelengths concentrates more closely in the
relatively short DFB cavity. In this thesis, a new mechanism, which is named
“Partially Separated Resonant Cavities”, is initially proposed, in order to
mitigate the mode competition and then to achieve dual-wavelength
oscillation in DFB fiber lasers. Based on superimposed FBG and unequalized
phase-shifted FBG respectively, two kinds of DFB structures ar¢ designed and
fabricated. As a result, stable dual-wavelength DFB fiber lasers, with a
wavelength spacing of 0.312nm and 0.053nm respectively, are realized.

As one of the important applications of dual-wavelength fiber lasers, the
high-frequency microwave generation is investigated and discussed. As a
consequence, a 40GHz microwave source and a 20-60GHz tunable microwave
source are achieved. Benefiting from the good stability and considerable
coherency of the dual-wavelength oscillation, the microwave signal has a
narrow bandwidth of less than 10kHz and a frequency drift of less than
10MHz.

Based on the theory of FBG, the properties of DFB cavity are studied
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Abstract

theoretically, including the resonant frequencies, the transmission losses, ete.
Then, the time-domain simulation of DFB lasers is established and carried out
to describe the time-domain and frequency-domain evolutions, as well as the
power distribution in DFB lasers. The numerical simulation is of great
importance to aid the design and improvement of dual-wavelength DFB laser

structures.

Keywords: Dual-wavelength lasers Distributed feedback Fiber Bragg
grating  Phase shift  Time-domain simulation Mode Competition
Partially separated resonant cavities Power distribution  Microwave

Generation
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BN —HNDHRBOEAE, BRAERRNT VRO RNLEZ —
[1-2]

A, MEFBRERUER, MEBEAMEEEE N E Sk H 88,
ERAMBHTETR R EEERER T EE FOM Ry, R, HA
TR A R R RS . A TFLE % R BB B (30~
J0GHz) WHFER. X—MRELFBVRLSHNL, TREHTHEE®EE.
60GHz #1552 NP MER B R &L 14dB/km, BEWE EEE BB
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M FEAR T AT AL Sh BBk, Bk, MERBHEENERE SN LEE
ERR . AT B AR AS S 1Y 7= A 48 8 U B kT B R — N 1B KA
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TRAEFRZ, PHEAMRAIRBENBRERIA. BE, MRESRH
BB RS MR ENERERBRBEENES, BEZEK DFB
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MBS RBTEMER, SHEMNHAARKNEREBEASAELE, @ 49
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%, HAFLINRBAERMAR; FH, REBMTERATFELSEY, B
K LR, AMERRAD, ATHESPMERSTEERIERS, &
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SR . B, LA S K S BT SR M A R AR R BB, MR
%5 %F £ DFB WOLRNME. ¥ 24 AR DFB £ HH B T XE K
LA HOE B, (B, RS IR R S IR B HLB AR R A0
B4, TR B NBE A4 T T R K, WA
KM R E R ES.

1.3 AR EIEMRABERE

FWXETEPRTET DFB EMPIBE EARFROLR. B+, &K
AT T — R WL SR 3 & DFB £ Mo 8 P SR KB, B “ &8
G4y BRI ML), SR T RO RS- — B TR MET
et FRAR B 0 ALE K DFB OGS AN, SREMMME KBS . & “Jaa
SRR PLEERT, WK DFB RAEEHBHMEREREET K
L, LT RERREKEL; R, WAEKEFRENHERE,
ML AR /N . Y ALK DFB SGEFBUGS I — AN EHNA, BT
KAZRMEMTREMLBIT . RRMRAFEM 40GHz MTEE T LUK
20-60GHz B AT MR &S . B4, HATEX DFB HULBRIMEAMRL
WA TR, # 7T DFB RS MR s SRR,

o, RATE SR DFB BOE B & Fh DFB IF Ik AT T
wentis, B S EEB KA DFB B LIS DFB 8, & H Entl?
HIDFB R, BB SMHBH DB Y. RE, RMEAANMEERITE,
T DFB $OLSMn RF A, Fhut BRI DFB SO HEAT T I
2L, BT ERE R PEE A, B oA S E, TERERNET
SR DFB Ot B RTE BT EENRESFEM.

moEs, BRATEAERL T —HFHNGIRIE DFB M BULET
RSB, Bl C“ESABISRE” M. RS, MBS, BT
W T PSS MR e TN KBS, BT AN K DFB
R TR RAB XK DFR WiEK . EETSHEMNEH
e, AR T — AR R R TR SEBX M A, R T BOBER AT BIAE L
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BIER, RANT OB CBAERER AN, BEREBIEK
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(<6kHz) « SMERE (FEEHE<I0MHz) ¥ 40GHz WEES. R)E,
TR KBRS, RATTEIWT 20GHz-60GHz T 8 18 i 7
A BT RS AT R N BO6 B8 PR A TS T FOR A S R o B AR
BWRESHALE, ETUEAER. BEMNREES, MEHHER
I T B R
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2.1 BIE

B e RSB BORS (EDFA) RYILSE, JCETBULaRO 4
E AR, SEELSRA RS AROLRZ B N —FH At R R, Bk
15 R KB A B SR BOBARAE I, L BUGRR R R .
BIE. BT RSEBESMA, BRIERE RGN R CRSHH 5D
. HB—FEL, e EORBHEEE. SREK. BEREER. AEEK
g, EREARENERERETHBERRNA

WL AR, RO MR L, FORRR O/ R (DFB) Xt
ROt B, GRBAREERFHGEEKEK (~n~100m) , KREH
7%, TTLASEBLE T RS, H—E, dTRKEK, gD, Bk
TR HON B DA AT A LR R . BRI AR AR, AR
SR SR ST LAY AR 44 o S B B BT, (BRI T AR
Mg Zett, BIRT RANAREN. M2 T, DFB BOGH BR R L VN,
g s bR TE, (B FHBKEE, YBEREK, 7TelE 5 IR BRI .
LS, J64F DFB 0ot R4 S M BAKEDLETHOLRRINITE, TREK
B SR PO SR SR R A, R B R S RO, B
F4F DFB BOGE B R RH N iR A A

EFEMIE S AW B ATt RHERRE,
Fe4F DFB ot ss AT #ie 4, HFFMEF DFB SOt S IBARE, BIGHT 3
Ko VR, SRS B ETHREHEIIS, B4 DFB Bt
SRR AR . ATEAITTE R M R KOL4T DFB WOt R AR
THIRICH DFB SASRSERROT WS EKEAFEREE L.

2.2 REFHEERMEINFIE
— T, RSO ER R IR IR RS R .
e ez bl M v Sy M R4S, ERAT AR EEER, RIEEOGES b S ) R




%2% 44 DFB HOLRMER S

%, AWTIRE RS AART M SO SRR Ao AR IIM 3 . $RAI, Y4 DFB
Boeaeth, MFEREHAIBESOLE LI FBG WAL, X FBG F—K&H
KA o1 #H#% (Phase Shift), AT @RS, W 2.1 FivR: RO RIE
BAFERBRM L OERGE, MBHEED. BEYL)E, REHENHOICKER
TR A R B RN R S B 4 FBG &, xR R AR RE
RS, FAETRBRTEME, BRI o6 Rt . &4
BT RMPELER, ST DFB BOLBRMNEESH, sy
WA, YA, BHBESRIE.

¢—phase shift

2.1 e DFB OGSt R E E

FAVEE, BRA L. SARFTHFER » J0FERE, HLiFRMEN
SRR B 73 9 K

(2.1)

Her, g AIERE, Rr-HE g MEREK, ¢ WELSTREE. B
S RCE) DFB S, AR &N EYER R, FRAEE
MEA S, BWRESAE DFB BEMNEK, BRERERQDHRHTER
AR AR R B

BOEIE, MHEREERE, HERAER (BK) BRANEERE
fr——BE gl & fF . BOLREERE S A, AR R RET
W, FREERPHPERIEF LRSS HETH. A TEEHNERBEERS.,
BEROGERBETHWER, WRERAKTEH. MEEHAKTFHERETFE:
JEWAE — R A, R EER A EEDFERAER, N5HHRN R
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OB E oS, B LRAHN, BABERER, BATK
% A 1 FR Ok o B BE U 4

T, BATEFECEFEEE, RiFE &ML DFB BOGHENE
W ICHI MBI, BB SHR DFB B, o IEX#k DFB . dkn
1% DFB f£. 28 Z 1 HEK DFB K%,

2.2.1 nf8F A% DFB &

TR X DFB B, BE-—BESEMHFTLEEF —reti®, mE
2.2 Fir.

FBG1 s, FBG2

B 22 niHEXIRR DFB BT 5 M%)

ik DFB IR BT LUE 7 B B S el FBGY I FBG2 Bk, £
B BRSO &, BUREIDInR)RAE . BB 5 0H G R
A, KER L, W RERKADNL e, W FBG1 R FBG2 #7474t 37 1l
B ) h .

FBGI: ! 1 (2.2a)

FBG2: ] (2.2b)

e, g, FBGL HOMIUAKI . 30220 B B0 250 M, B0 R 4 & 3
s T

(2.3)

He, RO ERREE. THES R DAy
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2 #  JEE DFB BOLSENEE 4
, ]

B FBG1 I FBG2 WY& &&¥m Bk o Fp,. FAITTLLE FBG1 M
FBG2 EfE— F-P B ERHHE, —HobEm =0 filik, ¥z
F5 A, S FBGL REFEF 0 2, BE 2 MIENAER, 48
% FBG2 REEIRE 0 s1, TP EE—A. BEXBHERE&EF, %
DFB i3 5038 I I BRI 2

| | (2.4)
Hh, B angle(x)ZREH x PN, -n<angle(x)<n.

TR, BATE N — N EAEE DFB B E H R, SN FE 2.2 Bt
REEN, 1% DFB IERI S8 WEE 2.1 FiR:

F21 EHEHENM DFBRESHEE

B =
Pras R WHEE Ac 1x10*
JeH K BB 2L S5cm
Fa I 4E A A 6, 0
HEFHT S B ny 1.4512
R HA 1550nm/2n.

m(2.2)MR(2.3), DEZE 219, TUBHEETRRBEKT, MK
£ DFB B &R — BB W angle(p, . p2), WNE 2.3 & B A TR,
B Z hBREAEM N TRLFER, RMPOEK (04 BEXT P
DE TR 252 a3, bis bas cpa CpZEPEKS, BRI A T,
Bl (2.4), XEHKREZE DFB Wk iEMIBEREK, BREHZ MRS
DFB Bt —RAITTREBS MO . ER R F, BATEBE R LS L

TE23a MO ZHMA, BRAE RSN MY S, OREE LROBERC OE -, K
FRIERA. HRRUEE, Wa by ZHEBA, RETFXMER.

T PR, XA TR BT AL R =0 AP R AR AL O AR B, WA R Y
EAEAS B F R A . BB TELT =0 RSB 40 Hi 2 DFB FEM ks, Wb, AT
TR RATTUE S, DFB #OGE . NSRS A EMBHIIR A MR A, TATR] =0 MR
HAE PR EER SR, B4 BT =04 “F4" 9ENEEN, 1 DFB B4 H LR R AW H
TR E.
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#2®E LT DFB WOLIR MBS o AT

G BT BB AR DFB BRI E B HREK CREERA o B,
TR KA B R R A, B EBREKE DFB BOLETRES
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WY ESEaEBN DFB BB, KE4AETE TR A
B, J64F DFB MOt B E— B KBENERICEE, HYRARRK,
i 7R 5 TAEE B ARG

T, RA1%EEA4E DFB BHZAER —AHFE, HRESHE. FR
HAE AT R S4E (FBGI f1 FBG2) MIEST#HisE, N DFB BEH BREMH
F

(2.6)
B 2.3 s R 5 554k R 7<% DFB B0 SR aike . — il & iR
BRI RN A O MBS, A N-35dB, BRA a W
BiEELyH-2.27dB, B, Sty 7 DFB B4R —-AR, FWREKKNERE
FEAREBE ISR K a (58 ap) 1K 33dB. B —FW, &FIFELREH
WAL AREN: WA a A e BEE O KEBIE, WEHRHNE FBGL
R FBG2 M3 K B0 S 5 DR B 1 B B 59, R B AT 7E DFB BRI
WIFHAMEEATF ERREEK O XS AR E, T IERE AN R RS
FEGBRNG, SERANESEEREARBIEREEERBER.
FE 4 DFB WL, HA A RSN AM S H Y 10~30dB/m,
T DFB IS HK B — R 4L 20em BLF . Hik, a (5ia) MBRBEIFEE K
EANT RS O WAEA, HBNEEZS T RERS, ER%
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OmEa (Ha) AWBEBAEIENRD, FURERSHNBEERESE.
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HH— RIS AE F-P BWEN ISR ERERIE. R0, §H 8
BRI A DFB ERENBHNIENESHENIE: ERLWRE, BrE—4
IR BB Y g, BT H BT RS FBGL A FBG2 X LK
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RS T R LA PR BN EEIDERAME: §4, &
AWAREBENARHORTEESBTERANBERS, BT HURT
FORBC BT B BB —RER K, SRERS, Bt
BEHUNZHBEHENR, TERBETETAYERES. ¥FFH,
IEMARIE 2 BT, DFB FHGHFBRREICHEIERBR, BE
RIFH BB TSI, Bk, RATIES DFB M H R4
WA WTFAE, ABEFRE —MFROIGRMEELES, ROK
A CES AR EEIREE” L.

BAVGE, AEAERA T (MBEEHE) , MERTERAES
b, BHRNTHRENEECREABASH TREMER, BERS
RLF 25 A 2 7 um B 40 (19 B85 T 7 B R] B S K O T B RS E IR, BB
s, WERELERE, BEATGNER T “FEEHIRE” MR, BIER
MR AL E A R IR AL B A ROEEE K. BEICH BRI ERAL
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FE3E XIHRFEIEDOLE DFB BOGE

MM IERZM “SMIEHTRRE” B ER. 445 DFB BotsH T,
R BATRER AR KR ERGEBHCTHARMCE (& 3.1 Fir),
B KA B E T AR EAREE, X8, RBEBHEARN
CEMARR SRR M, B KRR RENESR, RERLRER
THBHEe A FRERTES, TR . RIS LR R A4 DFB #
YOS 2 PR BT O BLBIFRCE B A B R AL . AR Y, FUE CH
G EERE” BT AL R KB T ESE S MBS B T 8 2
BRI LKERN, WEHENSNMEKEBRETZ “Moo®” ©®, B4
PRI R 8l S DR KZ WP BRI /EM, A3X) 40 A7 75
R MBEHZNEKERBAREGEIRE DA AN, MEZImRH KB
th, AR SEIEER, BEATHENE.

Light Power

Cavity Length
B 3.1 BB RER A

AP, ETF "Mook SUE, BATEARR T R0
I TR E S, RETRENNFEKEN . 3.2 WPERMNETR

T BEIGH R K DFB 0t 8, XFEXUR KBS T LUERE R X
B G . 3.3 W8 A a2 T JE X BRAE 88 1O W I DFB #UG 2% .
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FIE XFEKEYBOLL DFB BUL R

3.2 ETFTEENHBYIE KDFBIE L3

3.2.1  RCERBREMIRIT

REH & 2.2 13 DFB igRkEHiTe, BIMNME, E5EFrEY
B DFB RIS, RS T M0, a5 R EE
BT, T RNFEEEH ARG WM R OB, B k%
DFB el & E R ARG OB, & PEMEHREHE XM £ &
LR R W, BAVKATADBH DR 08K 855 6 & 6 i
TEREB R ERE: B, S4ATEBLEE -4 ntBB, Wiig
BT RE, R, WM EREE SR T ERENANEALE,
DA SIS 0 I IR B OB o B, T ST B AR R I DU KB

. s blft

« NN

& 3.2 E TR0V K DFB #as8mrEl

B, ZXE K DFB BB MW B 3.2 Frok. WA M P O
ar Al A AR Ay, PG R XUE KBS IS K, 84008
BE—MoHEE, 23N TG E L L. BITEXHABETSONT
FAR S IR FBGI FI FBG2, H#7 5 230 ) i &4 51 5 %

(3.1)

Y RA B BT R AR B Do) B RTR T .
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EI3E NERAPHELL DFB L

Hrf, FBG1 7 FBG2 KI#T R HBIEE LN 4, TAL AWM HWAT
TR MR AE, H-

3.2.2  EcERLEHpYERIR

Bl 3.2 s AL K DFB W LB & Ml DUR IR 51 B EFJJ‘MHE}‘FWF?H
B, BB BRI, Hext BE M R B A e BT —
A BT 6l FBGL, YOMAMAA: REENRT EMBEXMKNA, {E
Jebt EEEAE N Ay AT IR, BRI FBG2. X H MBS
FE T IE v v 1 3 B 88 B 9 R BB AA=2mtnp(Ar-Ag), FE B TR IRER L&
BIE LR E A, FTHEHBENNE—RREGFERGMERE 3.2 fimpg
Bt

ERE.LH, B4

B, Ad<<A., MFI&H FBGL 1 FBG2 BUHT 5T - 184 B H 0] 38 75 4

W%Eﬂj‘ﬁﬂﬁﬂ’ﬂé?ﬁﬁfiﬁ% %?ﬁﬁ"’ﬁ"?%&ﬂ?ﬁ%ﬂ“iﬁ%ﬂzﬁu BEL, G
A 3 S 2R 4 R B An(2) D -

“REALF P AE Ge BERRER, HHEF R ENE, RMORREIERS, SERE R
ﬁmﬁiﬁﬂ%ﬁ%fﬁ?ﬁﬂﬂ%ﬁ WX AT HE (Hydrogen Loaded) BJ7ik, B RUARBLH LRI BE .
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H3E AEKEIAENE DFB k88

(3.2)

e,

[ ]
B G.2) &, X WA AN el o B AT R P IR/
REVIBE, WE 3.3 Fras, Eid - REERBITTR BB 3.2 PR L
S5, FF B e A B B0 OB A WOk 28 BB R BRAATT R /&R K T RE B A p
A 1 1«

(3.3)

B 3.3 SESEMIE/ RIETTALR RS R E

2, A LR E/ &R R0 R E R 3.2 B B En e il &1
AR B B—, HATH BB BIE K B RALE KR, 1
BEFIER PR/, G1¥AA=0.8nm (Bl 100GHz RYSARIARE) B, 75
P=2.064mm, TEXHFHNKENTR AN E/&ZU 02 S R
By, BERGIESMMPORISEOEB L EZERD,; B, AWM ERITSH
R De()IE L TR R, B SR Ya 47 40 Bk i 1) o B 48 78 B 37 4
FERBIRE DA ER—¥ B, E De(z)=2|dc(z)l. Delz) MEEZHT
XA T — AN FEA ], ke S etk e AR KR, LA
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B3E WEKAHEOLE DFB #Bots

1 ¥ I 3

0 ’ A o Ay Ay
I T T A | T
5 S
_%740- %7*“°~

] =4
5 20 . BT

J 0k
a0t

1520 Wema TEmA TEmE  ME  RA0 1690 807 1A 18mE 1628 18530
Wavelengify(tm Wavelength{nm)
(@) (b)
K34 BRSNS DFB IRESIEMZAT: () Dc(z)=0; (b) De(z)=2i4c(2)]
# 3.1 DFBEZSHEE

2% #E
i B HEE e 0.5x10™
DFB &S L 105.78mm
B RN E L, L, 46.89mm Fl 58.89mm
WK ITREAL 0.312nm
HETHT T E nyy 1.4512
e A 534 9nm

& DFB BULHE XM A AEHE SR SE4h, ERTHRERNGETRE
ERAFWE 345 M TERFTHERGN DFBIERENEH.E 3.4()
FoNH W S E L H AN DFB BHEHE, TUHED, AL R
AR BLT BN ES R, REH CF 22 WKITE, XHADEHIERT
T DFB BN FERS, FEXFEDMEEALEHRNBREEHRE,
AT B KOS AN AT B B 3.4 A R E TR R
M H DFB BEEESHE, AW EF SN EEEAEA, % DFB B4,
BN EBRENTEENT L WEBEEN B, B0 33
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BEI3E NEKALSHENL DFB _&*_ﬁwt%%

BN RKHML AT RZNBR KL, EEUN B EESINER. 58
3.4 A MBHWE 31 PR,
AT FAR IR IE/ 455 U0 BE AR R B R, B G2 iRk

(3.4)

HA, sign(x) W HFE5EBE

B 3.5 ZEDUHER BN R RS (B

AERCAF, BRINHANTHES KB TRGI)TWE/REZIEES, X
FEOCM LA AR B R AR, MR BT A SR 0 R .
BATHIE, R AR S R RBR TN

(3.5)

=
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