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Abstract

Abstract

High power, high energy pulse fiber lasers are considered as the prevalent tendency
in the future by their many advantages. Now, the traditional pulse lasers have been
began to be replaced by the fiber laser in some fields. Therefore, to research the pulse
fiber laser is very meaningful and helpful for the development of the fields such as
military, industry, and medicine. Firstly, the generation of pulse in the fiber laser is
investigate. Then, the modulated semiconductor lasers as the seeders are researched in
the experiment. On that basis, the MOPA technique is used, and the seed pulse is
amplified to be a high power laser pulse by the fiber amplifier. Finally, the nonlinear
effects which generate in the traveling fiber and fiber amplifier by high peak power
pulse are researched in experiment systemically and analyzed with the corresponding

theory.

The main research works and innovations of this dissertation are summarized as

follows:

1. An all-fiber Q-switched Yb**-doped fiber ring laser pumped with a 976nm
laser diode (LD), which uses a fiber-pigtailed acousto-optic modulator as the
active Q-switching element is reported. The stable pulse can be obtained when
the modulation frequency is adjusted from 200Hz to 60.9kHz. The output
wavelength of the laser is 1030nm. The maximum peak power is 2.7W, and the
minimum pulsewidth is 53.2ns. A passively Q-switched Yb**-doped double-clad
fiber laser with homemade semivconductor saturable absorber mirror (SESAM)
as the saturable absorber is demonstrated experimentally. The stable pulse of
29.4kHz repetition rate is achieved. The maximum pulse energy is 0.636pJ and

the pulse duration is 3.148 ps.

2. The experiment of big signal modulated and gain switched semiconductor

Laser are discussed. A distributed feedback semiconductor laser (DFBL) with
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linewidth of 1.64MHz and the wavelength of 1548nm is directly modulated to
generate square-shaped optical pulses whose time duration can be varied in the
range between 3.3ns and 200 ns, and the tunable repetition rate is
30kHz~50MHz. An external cavity FBG semiconductor Laser with wavelength
of 1064nm and linewidth of 10MHz is used to the gain switched laser source.
The pulsewidth of 186ps is achieved, and the tunable repetition rate range is

1kHz~120MHz.

3. The multi-stage fiber amplifiers are used to amplified the seed pulse
generating from the directly modulated DFBL by the MOPA technique. A
maximum pulse energy of 25pJ with pulsewidth of 3.3ns is obtained at the
wavelength of 1548nm by using a double-clad, single mode, Er:Yb co-doped

fiber power amplifier.

4. A novel technique to broaden and reshape the spectrum of picosecond laser
pulse based on the seeder of gain switch laser diode and Yb**-doped fiber
amplification(YDFA) is reported. Using this method, a 7nm bandwidth seed
pulse generated by a gain switch semiconductor laser diode is broaden to 20nm,

and the rectangular-shaped, flat-top spectrum is achieved as well.

5. A compact tunable high power picosecond MOPA source based on Yb**
doped fiber amplifier of gain switch laser diode is demonstrated. The laser are
composed of the first stage preamplifier, tunable filter, the second stage
preamplifier, and two stages power amplifie. The preamplifiers use the single
mode Yb*" doped fiber to be the gain medium. The fiber coupled tunable filter is
made by ourself and has adjustable linewidth. ’fhe large mode area Yb** doped
double clad fiber and Yb*"-doped double clad photonic crystal fiber is used to
the two power amplifiers respectively. The tunable pulses are further amplified
to 6.8W average power with 80ps pulseswidth at 1 MHz repetition rate, and the
center wavelength is tunable in the range from 1053nm to 1073nm with single

mode beam quality.



Abstract

6. The four kinds of nonlinear effects which are FWM, SPM, SRS and SBS are
researched in experiment and discussed by the corresponding theory, which will

be very helpful for the design of the fiber amplifier.

Key words: fiber laser, fiber amplifier, Q-switched fiber laser, MOPA, gain

compensation amplification, nonlinear effect
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g’n_lc(ir;,_z) = —[Rpa (r,2)+ W (r,z)In + [Rpe(r, z2)+W (r,z)+ A,]n, (5.1)

dn,(r,z)

P [R,,(r,2)+ W, (r,2)In, —[R, (#,2) + W (r,2) + 4, ]n, (5.2)
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%, GEEBHRERTIREE P W% E 2SN, FFHETRERR
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AR R . ARTAT, YO RTEREN T EMIERENBFRN TP A DAL,
Bk Si0, 2 F RARRGEH, FTLOGA I (O TF, BE AR R ZBrap g

ST R R AR RS MR Z I RARAL R AP, B R TR = RIS |
VIR L R e st EEEEP., —Em T, REEEEAAILECR,
88 % M = YR AN T VRAT(FWM) B, (B SR A h AR IR R K, B
o I FB RN . B, JeLF P IR RN AR SR e ST B R, BRI
(| B[) = n(@)+ m |E] s () WEAEHE, [Bf WAL HIHE, n,ht 2O
LAV R, TR AERUR RS AP RKBT RO KRR T
BT EARRLEBI(SPMYFIZE XABRL A EI(XPM) . SPM RIEH7E LT kil B 5
BLRAER, T2 BERET YRR XPM R HARRBAC. 5T E
B R IR A MRk L R, —FeR s RS — OB IARGRE S, X T AR
BRI, XPM SRR BITERE SPM KIBSfE .
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TRNIERIMEN T FOE YR BN BN EEFE T, RGER—/EH
LR BB BN A TR A E SRR T, BRI RIAE, i
MEZEZRET SRS FSEHRNFEET, MESBS P ENEFEET. R
E SRS I SBS fEEH L+ 40, BHFEFRAFARMEHKIR, S8
I E 2 [ — BRANER, HhBRANXAET RS FE SBS KA
JE 1, T SRS FEEZMHT.

JEEF AR N A B IEET Z RN, R SPM 308 i Ak e Lk i i
KIS FERTELLF RO RS b S BHE ) FH FWM N7 LE TS TDM 155
BEATIES RS, FIFH SRS RN BOEA i 2 Hou s B Ro ), I SBS %
Rz b A AT BB B U PR s Pl . B R, WT RN LLT
BRI AR T S, XLEEMBNEEEN, ENSERAGESLRETRE, W
i, SPM E{ESOCHIJGIERTE, FWM {55 6r~EFiIM=, T SRS F SBS
MR SHH R BB EIE b, M2 b R E T, M
B FEARSBKM R AEBAL . Fk, FFERBIMEHE BRI IR RN NS
(B niap- A |

AEH, BATKCE hRp AR A TR E: o I 4 Frde g N 4T 738
WATTRSLIIIF, XX @RI A BB RIS B,

6.2 [R50 (FWM)

6.2.1 MiBSMRYEAREIE
VUSRI R —Fh = S AR EL R, R ZEARM SIS T A &
HIA, HEZR QRS HEE TEAETH =R TORER.
P, =&,y EEE (6.1)
RN E ARG, B, NENIELIERAL, e HESPRANBER. ¥ x 5 HER
BIELS AN o1 w2 03 F1 0 DAL BT A

E= fcz E;expli(k;z—wt)]+c.c. (6.2)

4
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1
2
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K k=noyc RS, Hh o RITHE. FHBN 2 7 WAEE, 5 6.2)
A (6.1), B3

4
P, = lchPj exp[i(k,z - w,t)]+cc. (6.3)
j=1
Hrh P, AR H:
. 3e 2 2 2 2
F, :—_‘l.—()_ly(ai)‘x[EA E, +2(|E1| +|E2t +|E3I )E, + (6.4)
2E,E,E, exp(if, )+ 2E,E, E; exp(i0_) +...]
A
6, =(k,+k2+k3—k4)z—(a),+a)2+a>3—a)4)t 65)

0 =k +k,—k,~k,)z— (0 +0,— 0, —w,)t
X (6.4) ™ E, IF L TARN REG SPM A1 XPM 3K, FLARIFUEIXT B PU SRR 1
IR R EE £ O TES BB TR, BT M Py ZAHARAL KT
RSN R VRN EN, A SREBERILRIRM.

X (6.4) PEWENKEHT. &8 TN = LT EE— T
B, FFHIEN orortorto. 24 oFo=o; 1, X—B0 N T = RIERE
RELE . M o — ok N X REARER Fs e 7E 6L PR B SR 0 1 R X AR AT UL RS A A
BRAER . & 0T NIREN 0. o MFAETHRER, FNFERERY
w3 o IFET, B

| o, +0, =0, +o, (6.6)
EARF S ARHEAT, AARIICACAAFE K A=0,

A=k, +k,—k —k, = (mo, +n,0, —no,—n0,)/ c=0 (6.7)

7 oo, HEEEAHT, B2 A=0 MR ERS L&, HAHH FWM X2
HRTF X TS, 70055 60 B K B R AR AT HOR B LR IE 2
KRR A F TR RN o MOSRIRIE Y E P FRIIL T
SREFA w03 wsr HIFHA:

Q=0-0,=0,-0, (6.8)
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FEITHTH o
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N, BIERG.18)E: L, ~0.6x10°%km, FIL, ~0.56km, 7E L=lkm ZHMH
Ly>L, T Ly A1 L A#%, 7EFESLT GBI LU, Fe£F o kR i B
AL I (SPMYZE Rk iy i s i AR iR R A . A P WOR ORI SE R+, (=
ERTE 1064nm BHE, Bk R4 T0ps 24 , UK R Bk I IS DR AE 1kW
A7, HETFBARTE, BoKmBk R L DRERIKER, AL, BATH
WEIHE— T4 8 SPM RN

SPM £ 1 T 64 w37 51 2 5 63 ST AESOL 8% v 7 A B AR 3K
Fi. SPM R S\EAXMABE, U— bkl —55REHE KK
S AR, TEHE T RBKT GRS, JeE T AT R AT LR R

n[1(t)]= ﬁo +n,(t) (6.11)
ne HEMEITH R, n, HIESMERE, IR EHTHGRE. BT RS R
& A2, SIANE— IR U,

ﬂ2| ~ ZOPSZ/kIn ’

A(z,7) = \[Be™"*U(z,7) (6.12)
X Py ymmmmu@@mz, e R FRENEH . ZEBERN, Bk
R T TR A

oU_ie™
1574 L,

luf u (6.13)

AU =V expligy,) » 712 (6.13) A

o _ Oy

- =0 (6.14)
Oz oz NL
HTFIRIE v RRECEF KIS LBk, HEXMMAITERS, TURRIEH.
U(L,T)=U(0,T)explig,, (L,T)] (6.15)

it EP U(O,T)IEll: z=0 ﬂ‘ﬂ@%ﬁﬁ@ ’ ¢(L,T) = IU(O> T)l2 (Le/f /LNL) j"j E‘E%T&*E *Z o
L, =[1-exp(-aL)]/a AN AHHKE.
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Sk AT BOG B AR ER AR WA

72 (6.15) KW SPM P AEREYGIRAALBIAENL, (BRKMR A, ek
T8 ¢(L,T) BEJCETK L L 38 KiK.

 SPM BUHE R §(L,T) SRR3R, B BAR B 5 Yk
MEHOIRER 0o 5 PINAE R KB 685, HEME do K

0 L 2
Sox(T) = -%{L— = —(Lif) %|U(O, T)| (6.16)

o HYR (AR AR 2R T BB AR SR R, XTIk e SPML S1ERY, BBl fk4EE
BT R 2 >0 B, BBk AR SRER 4 B €6 35 0 7 Db bk b i 236,
TR AR 7 BRAT A R A 7E Bk O SK 38, B ARk rp LA tmi, Srizs&
AW, X SPM FAERSRE S BRE THUE, M2 T 2=0 ki
VISR SEIE . RE SPM RN R 55 T SRk (R4, AT B4 A0 SPM H 88 S50k
BKPFERS L EIIZR%E, SPM NS T IS RN E e RknP sk . BEBSY, B3
Fe kiR B — A AR B AR B BRI ' Bk«

Rkt e SE IR S Ik TR E %, SE—AAS5 UO,7) %7 & ik
iR

1+iC T ,,
5 (70) ] (6.17)

U(0,T) =exp[—

R CHVERKSE, m B HEERE. H SPM FT BTN dw(D)h -

2m Le - T m- T m
da(T) = ?zﬁ—(?)z 'exp[—(F)z ] (6.18)
0 “NL 0 0

m=1 WS R B HTAK Y o X TFRKHD m (. NSRRI RIS 28 BE, BimE A
I

6.4 45t T HH SPM SIEMI B ARk (m=1) FBEATHK (m=3) WL
AR ¢, B Log=Lay 2089 SPM FRBLHISAZR AR dw. FH N HTR (6.15) Fg, IF
LEFIUO,DP, TAE RIREASIE 2 T Bk 38254k T SPM BTS0ER S0
IR AL LU LAME S (D ZERTIEE R (L8, THFS L HEE )
ZHIEN (B (2) TR ORISR AEERN, ERESNNEEE
T CRIEN: (3) SPEBRBERIGIRKS, HEHEZH A, (1) SELikhrR
R, 8 A s DR AN 252 2 72 Pk s 97 B A L 2 2 A
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BNE Sk b LR ES T i AR L P BN

ST 50T,
T T Y
J‘

’ .
<€ :
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\
i/
/3

B 6.4 BHT GEZ) MEBEET (S22 Mlkeh iR A0 ST Pk

6.3.2 ERLLABMERHT

R Bk O TR SC A R PR A SPM RN LR B I 6.1 Bias. Ao
(6.14)TT40 SPM ADLA K ER X, KIEHK, REBHE. LR+, ELEF
KR4I, FWM FAS L, T SPM KI/ERRMTS, Zotecmnsl—
SEFRE, FWM B ANAKBIE T, T SPM 4 5 E SHAL. 7E SMF-28 JEEATHIKEN
1 .2km B, [ 52 SO aR E S 5% 30kHz, BKrRSEEEA 3.50s, FAMER
WAL IR T EHER N T0mW (E IR 0.65kW) BRSO ALEIETE,
@ 6.5 Fim. TUEE, 76 SPM BNKERAT, EHEeF Rk ME
T SRS AR I e Ay, 6 SRR S ] 3nm.

TESCLF RO, SPM MM SBHKIGERSE, BEARGEN—EREM,
LSS T B A R R YO RO ER A B . SEREE N 5.9 Bim, TUBCR
58 0 WA HIL060 J647, #2540 Liekkil200 D64, KEILA 15m,
S S HIIIEESEE S L4nm, BIHOKBRBCRE, 7E SPM BN HEA T
W, & 6.6 4 H T LK N 1064nm 7EAR B HHIIZE Y638 T I H i B .
ALLEN, 7EMCR®RT, SPM FESHIEEThERIELL, &M, SPM M
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TR SO AR FBOR B AR AR

R, WNKIFLEEBER, SBOGERREEBA,

1.6

1.4
1.24
1.0
= 0.8
g
Z 0.6-
o
0.4

0.2

0.0 T 7 T T T T
1542 1544 1546 1548 1550 1552 1554 1556
Wavelen gth(nm)

B 6.5 f&HIJELT I SPM SEIEIE R %

1.0

1 Pump=0

2 Pump=100mW
0.8 3 pump=250mwW
0.6
0.4
0.2
0.0

1050 1055 1060 1065 1070 1075
Wavelength(nm)

6.6 SRR AT F iz T2 F e 58 kit

6. 4 ¥ h S 85T (SRS)

6.4.1 ZHHSHSHEKEL

EIMEN o, FENF B I, H5A ARG LT Hix
BAA o FFETH) M o, (REFETHE) MEH, BHE ho<ho,
ho>hw,, RAEREEARBES . EPES, BT RTFREERS, EME
PEITRARL R UNSTTHRIR NG, T ERBAN RS ASNRT, EIREMT
BRI, AR SEET, R k. MM %2
RERI, HAEKDET RRA N R — IR AES, SeRERAT JE MIRLAH R BT 3¢,
TERE B 2 U (SRS). B4 B R HL 8 U e M 8 1 2838 55 W = 2 b F
P BT R 2 B IEOR, (B RIE B BAIRR S B &b, B 43E )
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BAE ik 6 AT R 28 P B AR RO

R E— B, A EIREEOE K. XA, 7E SRS KIERI T R8T
L HESR U)ol e S8
IS AT HE TG AT AR A

dl
dZS = gRIpIs (618)

A L B, LA ETOEIR, g MRIBIARE, BE AR BEN
fé%!zmimﬂ’ﬁ“aé“”o

& Qp=w,w;, TAMBENSHHRGOCHRMEE. BMHETRERN
gr(@). gr SRAFTBAER, HARMBRE, g —BAH. B 6.7 HHIBHK
K L=1um FURSEHR 88253 . NEhATLUES], WRMFL 40THz, HIE
13~15THz H—AMNRIREHIE, XRS TR R TR, EihiX &
FIE S B e A g A g UYL,

1‘2.rT'|'I‘l'l'ﬁ’l

10 }_p=1pm -

o
®
I

o
>
i

!

Raman Gain (10°m/W)
o
[+
1
1

4
[
1

!

Q [ | [ | t 1 L1 1
o] 6 12 i8 24 30 36 42

Frequency Shift (THz)

6.7 FEAITEI L B I 28 U

E RN BN, BN AITFEEHOERIR AN -

dl,
dZ = gRIpIs - as‘[s (619)
dl o,
—r gRI IL-al, (6.20)
dz

S o 0 HHBE AL TR MR Y. LR, R (6.19) FIR (6.20)
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1
i(£§_+_p)=0 (6.21)
dz o, o,

A7 0L, 7E SRS T2, #EMMIFETEE LR T REEE.
ZESHIECHITERE, B (6.200 AR (6.19), 7115,

. _ grlyexp(~a z)I —al, (6.22)
_ dz F
A I & z=0 LLHIHEE IR HARA
I (L)=1(0)exp(gsl,L,, —a,L) (6.23)

SRS M= TEANCAKE LB K B 8USTESLK, BIZE NS
KFEA—MEESE T, %=X (6.23) HARRMESERK, MEEE S
aIETEE R MG IFE T H TR P(L).

T B B E 1 58 S A 06 £ H o TG 5 0T Th 2R 5433 Th AR I 0 A\ B s
TheEetl, B

P(L)=P,(L) = F, exp(-,L) (6.24)

KA Po=Iodee M (6.24) FTHNIABIHL 8 BIEFT T 10 S DB A -

164,
~— (6.25)
gRLej]'

Al EFri&, JE1a SRS $i1 52 BE BT B 7412 L) RIS
204

off
, (6.26)
’ gRLeﬂ'

~

th

6.4.2 RN SHUSHHTUMR

1 6.2.2 FHREKMHIBARM SR S, BAIELEKRILT SRS P4 ML, K
FLZE R 1665nm, FHIE AR LIRSy 14.6THz, 4 T4 S48 25 iRIg M 4b.
ARTERMIE S E S 4 420kHz 3t H ILE SRS 2% 7E 13 F6 e (8 1 2R 18 hn i 3
BAE P BHE, X2 HTEXANELR S FWM X SRS R854 T M.,

BATHITE , $7 B BhT T AR BOR — NS S T T sy — MRS TR —
M FRIRAMRGERB R, ST BEmS F R TA, EET
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BANE Tk A O AS  ( AE ERERUN

EE T HEESNEENZE, RO RE . SEIUETHBRRGERRN
BT, SR EHENEER o0, Qp, KK E N
O Oy o BHIENHE, FHA 20,~0+0. BHEWH, ERTEN,
FiAHE Y6 T IR 5 27 A 174 7 B R R S PR Ll - T B B TR A PRI 2
ST R6.7)F MABRIIE R &R . —RIBWT, MAALRAFRERT,
(BLE B G ORI, ARALUCER AR LU LA 2« ZEMUBIRIUAR RS, Hr
B35 op SHAREE Ak M6, STTARRM Ak ge ERAFAEN, EBIM
4METF, SRS &% FWM Bl

sziech, JWUE 63, 443 R ED) R W IT 1a 38 N K408, BT WE T
FEAL TG R 44, {3148 FWM SH8 548, 72248 FWM IR S0 7 2 B i R FWM
fE T SRS WFE4E, B RTE SRS MG (SIS A 14.6THz) HILT HiFtse
W i . S S T RARE A, i B 3 35 O RURIT 4R W A 3L, (B
HF FWM 7225 F8R ) Th e & T B i S 1 2 A 58 P9 SR 0 &, BT DA IR
S BYIN, FWM PR R R S T H e R (B 2R E
WS AMOTHER ). (B RIE I T ARSI, SRS IMAARLEAR K, BalE
SRS I8 18 25 4 I Sh 2B FAN AT . B 6.8 ATMIENREZHEA 10kHz BT i)
Yeits, ELAEHZE SRS WMEA T, 7EREW RN MIMEEHRE TR, DEE
AL TR B A I

-40

.50

-60

Power (dBm)

-704

'80 T T T T ¥ T v ) v L)
1500 1550 1600 1650 1700 1750
Wavelength{nm)

&l 6.8 10kHz Ft Y6 £ 28 SRS UM~ A B 61
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Jik AT BOE AR REOR R HA BT S

6.5 3 i##h BN ST (SBS)

6.5.1 ZHAHERNBEARRE

SBS RN A $ihiE SN TG re W I B i e AR I AR R PR ELAE o s bl
B HE AR, SR TS M E AR EIY, B AR S —
BXHTHER, FREP=ET —MIERIOETFR—AFH0ETF. BIEshE. e
SRR

— -

=k, —k (6.28)

) .

QB=a)p—a)S,

Kb 0, o, AIFHERARE R, K. § WIS R, A
Witk Qp IR R, R I R

Qp=v,

s

EA|=UA |]€p—l_€;|=21)A

Eplsing (6.29)
P 0 AMFETC T RIHIE b B e f, R (6.29)KRMATEG 7 O=n BB KME, 7
BT 0=0 AF. XTHMERL SBS NALEERR, Hiih.
_2 _2m,
P oon A

P

(6.30)

v B 4, AT 4 2.

SBS il AT RN go(w), B w=0p F1FE] gp(o) ¥IEME. 77 EIH8Y 25 AR
B, £ 10MHz, ZXRHTHESHFRMERNABETFEa (T HX. Al
AT exp(-Tar), WA LI 25 3 ELAT 140 2RI 40 R ),

(T, /2)

- 6.31
gB(a)) (w_QB)2 +(1—~B/2)2 ( )
TE w=Qp b, #i BN R (g 421,
27Z_Zn7p2
=85(Qp)=—7— 6.32
gp gB( B) C/Il,;pol)Arb ( )

A, pio WYIHERE, po HAPRIEIE. T AT B i AR B )
ES S |

TR (630 K1 vy A, AR b, AT EUHECBRRE 4, ROKTIARR, 4RI T
JRE (632) hINMIAIEIE, 4 TA7 BN g, LT AREHK 1, T X.
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EAE

ke S A OR B R B AR R A R

8 6.9 T A,~1.525um B AT GI A RN RS R, WEAR
W vs=11.25GHz.

(b) (@)

Signal

1 ] 1 i
10.6 10.8

11.0 11.2

11.4
Frequency Shift (GHz)

6.9 =ML R A BB (AR TRAG) SR (OBRMBIEE

T A B R BN, T w0, BIHIE SR HOCH MR K JCET 5,
Bl a=a=a. BRI TLHCRHBEZ N

dl
2 = —gBIpIS +al

(6.33)
dl
—2——g I ] —al (6.34)
dZ p p
ETLIRFER, & (6.33) MR (6.34) AIEA:
d
E(Jp—ls)_o - (6.35)
LI WA RIFERE .

BRHIENHIMEE, B L()=L,0)e“ A (633), FHHHEBN A KE
L L4715

Is 0) = I; (L) exp(gBPoLeﬂ‘ /Aeﬂ' -al)

(6.36)
R Po=L(0) Ay Ao A RBET AT o

R (6.36) FWTTE z=L SASHAR AHFETEYESHKILRE, HREEH
F SBS TireE T ABMHA. BEASTREMER AR MR T, %R

(6.36) FEARFFRS B, 5 70BN B I8 55 1 90 B K15 21 il iz
Th Py,

_ 214, Ay, + Ay,
g0l Ay

th

(6.37)
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SR AT SRR B B 5T

Ho, K BBUETE 1/3 B 2/3 Z 18], B6FRRIBRETE, Ay, WIhiE ML %,
Ayp REATEIIE W . XA ATLLEH, SBS MBMES A ML BEZ L K
BRI TERUIELL, S rKERK .

BT SBS TS SRS T, MK A BAEFHHES Ts (KY
10ns) #R7E, BIULBKFhHIZ IR EEXT SBS WBIMER R RMIEI. LihiE ik
BE/NTATEINERTERT, FEESEEE KM MR T, SBS MBIE—BR
&, T SRS KHIME, Z@ShkrPmE/NT Telt, AiHMMEAHE TR,
FIRE DT 2.

6.5.2 ZHHERNBHNTLRAR

5 6.2.2 FWHFERE KBRS P, BATERE T #MOBAk e 6 4
RAZFH) SBS M, Tz FEER 3.50s, T Tp, XHFHLHFH SBS
BI{E#EIE T SRS. B 6.10 AEEMZE A 15kHz Bf EHOARHH L. TLE
HAEF TP OLBEKKAMHBILT E_1RE, HBERN 18.5GHz, XML
SBS FAER I IFE AR MR . e R SBS REAAERH, Bt—ir
FESCHR AR S F M5 506 (SBS BRLMHHIE ) MIEE T MEM K. £R
AR, —Br BT SR R B T O IR IOR, IR K, 4T
—WT T R . — BTG I S OR AR IR SOk T AR, BAER A T B
FHIFTIRE

0.30 -
‘ 0.148nm or 18.5GHz
0.25
0.20 -

0.15 -

Power (uW)

0.10 -

0.05 - J

0.00 1

1546.0 1546.5 1547.0 1547.5 1548.0 1548.5 1549.0
Wavelength(nm)

6.10 JLFHASEr Y SBS MR
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BNE Tk YR ROR A% o AR Lt B

] 6.11 4 10kHz i S5k 285 RISk (O TR BTE B, 50T 6B
L 3.18) M, EFEASEEMBER, ML T Babpra. A= BEK
SRR S PRI AR (B0 4.4 70D, ﬁFﬁwmmﬁ%mﬁ%¢mﬁmﬂ
RESB . WGP ERATMERS] T s 47, ket i A B 22 E e i
FIEm &R — M%ﬁ%%&%ﬁﬂﬁi%ﬁ%ﬁ%ﬂﬁﬁémm ER. A,
ALUE HBAHE SBS MTHEEMIT AR, Er R HIiEE AR R FF OB
1, XEUCE T AR B B AR T kAR

(a) (b)
Bl 6.11 10kHz AR i H 6 Jikeh et 18] 95 7 (a) B4 (D)6000 ¥R M

6.6 45t

2 Xk AhIE e E B T KRR DR AR y"czﬁjzj:%%q: IR A AR 2 2K
Fi——FWM, SPM, SRS, SBS 4 BIHAT THER AN, HEEXRIAZUITT
g,

T SCI0 PR S e B — IR, FWM SRR R o=w, XMERREMH, B
i A=0 FIST AR 5 — 6, XS B T ENAKEARKIERL A TR
KR K FWM i, EXTEOA.

TR BRI, B F AT LAZ0S GVD RN, SPM & T EZHAL,
T AT B RO R S S e it R A T RS, BRUSKIMK T E A K LR

PUFRIEZE PN b SRS A I A SE M 9T, KT 30THz, 131%5’31{

5 (S S A BRIRR, A B RBLEBKKIRE. it g R
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Sk 6 S BOE R AR AR AR BT

$7 2 25 1B (E A% 4 14.6THzZ.

BT SBS WA Bk B ER X, i MHE e lkoh N F A B
W7 Hdr, {815 SBS BIMERK TR, FHET SRS BlfE. iz T i B IH
“M TR SATETRS  18.5GHz, FERERENL, 7 SBS KMEAT, F5%
Bk R4 T 3.
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AR BT T Bk AR B AR 2% A SR FRE AT A . BBk
BiR=AE L HOKS IR . AT IE R B DR B S 3RO R B AR B BN —
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20, FEARIFRESEN.

FEBORBK IR A T T, FERA TRM R, —RRAE Q MRt
AL IR G S R A R, e T E R A A LA RIS (AOMK EBIIA Q =
AR FRE T 53.2ns. VE{E 2.7W KOOI, RS - SR AT
1A (SESAM)HIHEEITE Q YAt 88 Fh 3R B kb SERE S 3.148 pis, BIRERINZE
% 29.4kHz, HARKPhESE N 0.636u] HIBOGKM . =R A Flke I HI6 A
B B RO S T RIE B, ERESREIT, KA T RAEMKMEEA
3.5ns. 2 1.64MHz MG, EMATFXRTERET, RE TR EER
186ps HIEERKM .

BT HEERE. SIhRMEOEIkE, RIIRAT MOPA HIR, X{Eh%
R HEAT T 2 HOR. SR FIEB S 1548mm KIS0, X
FI T BX R HORES, FH3RE T B kR g b 2500, Rk S8R 3.3ns HY
BRSO K . I 28 T SR BOR SR L Bk SEBE S T0ps, T
R 15uW BIEORk, SRS YO ORABOREIHAT T 24N, AWK
52 o SR 488 28 AME O R B EE T A Tom (4R TG R SEANEETE 0t
W5 % 20nm BOSETROLIE, I BATHIEI T LEBE M IRIEIRERS, HIRGR
ﬁ%%ﬁﬁ%&,Mﬁ%%&&ﬂ%%%ﬁ%ﬁﬁom%mﬁ%%ﬁTﬁﬁ%ﬂ
AENL, BARETEHIhEY 6.8W, Bk EEN 80ps, WKW IEA 20nm
) AR O Bk bR

ot T B S5 2T UK 22 th e DU A R R VR AR REEAT T B XS AEMEE 1R
F4: SR UL BARE B R SR BE T 4047, SFPESEisp—— 3T TIRIE, TR
A=l 4 P 25 7 B R 3 G L 7 A 0 7 1, XN A SR R S AT TR BT R
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FRAE BRI RO T AR R I S2 I 25 3, BRATTIA Sk HE— 3580 THERT A BA T LA
FEEF: |
1. ST SESAM 31 Q SURE Yo e ioess, (S MT
) SESAM, HI2A3{8 26 kb A 58 25 Bkoh S8 48 36 ELE R M7 Q
HObH L.

2.%ﬁﬁ&%%%%%*@%ﬁﬁﬁ,ﬁ#ﬁﬁk%ﬁ%ﬁﬁ%/ﬂu%
BB EIIRKB L, AT LIS B R AN, FReiR E
Kk Bk R LD, (EH AR PR, EAS TR,

3. MM ELTES Br LRSS PR BRI E B RS KE R
mOtEr, FERHRIAELMERIBTIR T, W LAR LT I8 S 38 25 A0 i PR o)
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