BRAFE LR

.

BEEHBLAT (MP), BHEARFRRT RS, SMEEHT T Rk
SHEROFRE. CHE TSI LA R G et ks,
AR ASHOLES . EFHFAERACFIRE EENA. BLFREEH.
FRENHAMFEFEENY RN ERN BUNAGE. S4BF aRREES
BH, EERETAESREMER “973” HH, XEEEELS MF KT
FofiAe it b R MF R IR R CIRE R (LMA) MF FR3R 4 T E T 78
WHRAERTFR. TERRANAAE.

1. MF3# SEHEHEEHR

EARRCREMTE, SEMPBRYE (BT 2REFEREELEL)
T MER PR T TR OTA TMPEERAHN TR UL ST
FEBRET: HETMFARE, RO TMFRZAR D28, A5 FiE
PR T G R KA BT T M BT ME R XU & R 4 L 7 IE 7 e
By B R .

2, MF&AABIESERERTIR

R AR B e T (GNLSE) X AR Bk 7EME A BB S s T
T5rhi. FIEF—EFE R S 0HE (PC-SSEM) XIMPR A St
ATT 8UEMREL FiIT T EH PP OB AL T ME A ] 0 8 X i A8 i 2 1)
SEEALH PR T MPRKERFEB RS ET @I i e, 4o
TREELERLITE.

3. MF/=4 BRI KB 7T
SCESET T T MPF R IEEETE P AR BOR AN . SRR B R AN T A AT
R P O KA TMFERAIR KM R FEFMRNER T, i
R ANEE R MR RS N TH R 7 Bl eb OB KA TS §
MFIEE ERIR AN, BIREE 08 s Mg . R T LFZEMFP R



MR, LR BB TR IR N20 dBT R Z 2 #1260 nm; X1 3E [ Stokes
W REET T LIRS, FHLBNELT TELRE.

4. FETPHS A ROCR S BRI LRT R

TLHRHR T KRR ST B6E (LMAMFL) , KT H®RAMHI)
343 WHIEBIEOR A, SIRER N~ 5 3 569.4%F159.7%.
FTMFHES 2 5T MA-MFLIES#E R W AT T LR 5. MLMA-MF# %
FITHEIT T LRFR, RBTHHENELOA W, BRAREH22.4 nmGER
et/ 8

SCHEA: WUEHGE, BESE, RFROLE, HIOUGE, AL HRY,
SHIBMS, SSEIHE, [ XEEE TR



Abst_ract

~ The microstructured fibers (MFs)  also known as “holey™ or photonics crystal
fibers have opened a new chapter in fibers optics. These fibers poséess some novel
optical properties that can’t be obtained in the design of conventional fibers and have
permitted mgmﬁcant progress in various domains such as nonlinear optics, high
| power fiber laser, medical science or telecommunications. It has an unportant
scientific value and applied significance to carry out researches on these fibers and
their apphcatwn. Funded by the National Natural Science Foundation of China under
Grant-Nd:5603??(}iO the Research Fund for the Doctoral Programme of Higher
Education of China under Grant No 20030055016, and the “973” national project, 1
investigated index-guiding MFs in two respects: modeling and d_esxgnixjg their optical
properties and studying their application includirig both supercontinuum genEfation
(SCG) and large mode area microstructured fiber laser (LMA-MFL). The: main

subjects of this thésis are as the following:
1. Research on the waveguide properties of MFs.

As a fupdamental work of my thesis, the “MPB"— a free saftware package
based onfthefull—vébtor plane-wave expansion method —was er_nployad 10 model the
waveguide characterization of -index-guiding MFs. Fiestly, the impact on mode
properties was studied by changing the arrangement and filling fraction of air holes,
respectively. Secondly, we calculated the MFs’ dispersion and analyzed th(_é‘ novel
Iﬁroperties such as blue-shified zero dispersion wavelength (ZDW), {flattened
‘dispersion, and doubled ZDWSs by alter the period and filling fraction of air holes.
Finally; we discussed the MFs’ birefringence properties, and calculated the dispersion

profiles of two Aolrthonorma,l' axes.
2. Research on the numerical simulation of SCG in. MFs.

The generalized nonlinear Schrodinger equation (GNLSE) was used to analyze
the propagat.ion properties of femtosecond pulse in MFs, and the Predictor-corrector
split-step Fourier method (PC-SSFM) was introduced to simulate the supercentinuum
generation (SCG) The physical mechanism of SCG was numerically studied when
the central wavelength of pump pulse lied in-different dispersion region. The relation

between the MFs® length and the spectral bandwidth of supercontinuum was studied.
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To the end, the impact of the initial chirping and initial width of input pulse on the
spectral bandwidth of generated SC is discussed.

3. Research on the expérimental generation of supercontinuum in MFs.

The characteristics and evolution of SCG in MFs were experimentally studied.
We experimentally and numericaily studied the characteristics and evolution of SCG
when the pump pulse lies in the ZDW point and the abnormal dispersion region
respecti\}ely. Then, we experimentally and numerically studied thé charact‘erisﬁcs and
) _evolutioﬁ of SCG when the pump pulse lies in the normal dispersion region of a high
birefringence MF. Then, we employed an irregularly multicore MF to generate
broadband continua and the broadest continuum spanning at least 1260 nm with the
20 dB bandwidth. To the end, we experimentally and numerically studied the high

- efficient anti-Stokes wave generation.
4. Research on the LMA-MFL and LMA-MF super-fluorescent source.

We experimentaily studied the large mode area Yb**-doped double-clad
microstructured fiber laser, and obtained up to 4.3 W output power with a slope
' eﬁicieﬁcy of 69.4% and optical-to-opiical efficiency of 59.7%. Then, we studied the
relation between the bend-radius of LMA-MF and the stimulated operating modes in
LMA-MFL. To the end, we studied the LMA-MF superfluorescent light source with
up to 1.649 W maximum output power and 22.4 nm bandwidth.

. Keyweords: microstructured fiber (MF), supercontinuum (SC), fiber laser,
superfluorescent light source, dispersion, nonlinear, stimulated Raman scattering
(SRS), step-split Fourier method (SSFM), generalized nonlinear Schrodinger equation
(GNLSE).
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14 mW BIBORRE, FETHE—& MFL W7, BRZECREFEEETAR
WA, HEENT MFL R ERREENE 5.

1. BT AR

(1> MFL WEFHE
EHAH MFL 8 F MF fHE L ZME, Botmi BN RN R REHE,

BRI R 4L #45*"1. 2003 4E, Crystal-Fibre 2 5] RIITTR tHAEASIR B 49 LMA
B YPRAEMF (B5.), EHATHEBERESAE, ©R£H 28 um, HEHEH
% 350 um’; WAEEHZEN 150 pm, HEELEN 055 HMEEHERN 450 um, iX
FL AR RATIRW RN 9.6 dB/m. LL23 m XML MM E R, J.Limpert &
ANIRTS THELEE 80 W. MBI LT oL R, BEG, T SUER1B IS 260
W B R P, e Rl B RR G . MATRY BB R BRIX R ET R LU
HEHTRIVFKPMASEIHRERE, XREEMEHNEETEED
235 B LB A B B T BOL B K B '

g_*- .".1
STEIE D \
_.E"'gi*i“ﬁ?:' il 5 . . . . "
! 3 —
E?EP {?ﬁa
- == - [ L]
ﬂ;'.:';::_ *ﬁ,ﬂ'ﬁlﬁ onek
annsy J
s i Ay £ . .
distrle A
£ n r .l'/: "‘ ! - L -
Lo e T

Bl 51 (a) LMA BENEE MF Il (b) FEzFEEs

2005 4E4], 1. Limpert A NHEE M ER GRS Yo MFP, EHHESE
HRTES2, RAMNAEHBHEANAR, /24 35um: HERREBERERA
F, BN NT um; BEFLERN 06 SMOEHAREME, FEHAT RIFNME
SEE, HERM 1.7 mm, FETRE. ZXHOLART RN R EEIE 30 dB/m,
U P UAFFE 48 cm KERIXA AL, R A 165 W, ThIET sk 120 W H9#l
Fes, HBMEN 74%, POEEAT 1035 nm.
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52 (2) BRBEMEHEFORER (b SREHE
(2) MFL MSALTIR

FRAABBHRMTORY, BTEERHEEAU, TERNFE %2
oA, BREHAHA (WIREER) SHERERE (RSB, B
KROFEBBEHEA, FTEENERB AN TpertS & R, XFEHESHANA
HIRMIOMANE, MFRTREIDLA R, T NEREEA A Taperid & &
ARG ? ‘

20044, FEHMI. I, Larsen ASTMPSI B R AR U BUR S £F 80 S 168
FTHT. HEFERSLFHEE, RABARBEN (HCOBR) Bik—8
SRS, EERNTILER, HISISANEL: TSR —R2oE At
SR B TS ILIRML, MESIFUR. ITREX— %, T T HET90%EH
BEWE, BOLBNARAROELS%.

Fl—%E, K.P.Hansen®J. Limpert®¥ ASFH T MF&Taperd& & B AL, HERf
BMWRE, RAESREmES TR, iR AR ML AR R Taper st 47,
HEHA N SERLDEANSER LS SIS IR, RS ERRERE, U
B BANTEE . FRIERFE, BENERRM%, £200 WRBHZE T Taperl
SR SLDRE M AT T4,

T T R T

[ & &
— — (U
backwuard torward Samp drhitrey (e Alsepnl tapwe Asers iy
B5.3 MImEFRH AR El5.4 Tapert& &R

HBTEMF P 5 ABragg bt 9 R AR IR /8, HansenF A ZEF| A Taper MFSKEY
EMEERE, XAMFELFIEREMT EXRMesd, ST REERGMH _ 8N
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RRIREE IR, 15,5 (a) B A AeA TR RO AR X 5 15 Vo™ MERISUE & 280
£F ik, ARNE— BT T 2RAMFLAKY, LHmEs.S (b) FR. H ¥ Bragg
Feiat 5 B S HIEMBRBEME L, TRBEE B4 mKBYD” MFRIFRIKR
ERE, WMRREE09%, ERRSEN20%. RAK—AH, TRTHKIOW
SRS, KARRERTI%, FOBKH 1074 nm, BOLELHULES. AT
R, R KR, X2 A RO R LR — SR,

Ge-doped core| |Ac|ive core |CDa:|r1:_:
|

Bragg Grating Splice Air-clad |

ES5.5 (a) AWM SBYY MFERESRITFE

e ———e—-

Ousut Bber

i
Proto sessitive fiber
with Brazg grating

Es.5 (b) £RLHMFLAY

Pump delivery fher

2. BAKFT M

EAXMFLER AL TRIRIES BB, R SR REETETRAH A,
2003488, FEHAEERME THYL WEEMFLIOLKRYE R, RES mES
FEERTEM0 mBYL SNEEMF, ERBHEN W, L] pmPiERET2
WHEES B0, 2004F1 8, IR T34 WHBYYEEMFLYY, FLEE6
H, IS T RENHE, SR TISWHBY EEMFLYY, MAKERLR
BT TRFEM A, 200454 FIRS T 1.45 WHIE YO TEEMFLABIH),
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HTREUAERRT 43 WHLMAB YL WEEMFLY, %, 7EEMELAE T
FH5 Y MPEBEESN AT F, BYY' NEEMPEIE N AREA RN LE
HEE, MFLOE~LEFFHEXBMY (WTaperiB4 %) MBLEA GILHA.
KM BRI REGFERAR) MBI2, RN, 7S B A B
B. ENRASAUHFBEREE, TR 0E N SHMAHKTNERE, 258
MMEEES .

BZ, MF fJHIL, XA FESGEE T X MRFNERNR. SHin
WA, REASETE, ARGERT RACTAR 5. XA R
% YO'MF DL, 3RE T RO BN, XHERNE YO R B s
AARARHREERS YO REEATHLBAERBNNTE, SeEmEn
 efeRk. BIEWA. EHHSE, RFNE. FEXSENT. MY, £
FURBE BN FEEE R RGN AR,

]

§5.2 BYL™ XA EMFLKI S5

5.2.1 %Yb’*ﬂ@%M}?LE’ﬂi%%ﬁ

TSR B B S, 6 7%, 0 X B MPL R85 BB th A 4B 0
. RPQAEMPLEEAME: FHLELD. BEEARS%. SRIEDM. B
YOO RUEEMFAIER . BILD FEFIR AT 5976 e S BT, 2itile
RSB REEMFIN SRS, RELENERNEEITES, 288
FRATTIREDBROYY B TR, THETARRRE, BOREHEEN
B E R A R E4E, SRS SR B, BAEEY
G — A EEERE. FES B R,

Readhual | oy | ! __Wi
DM pup light | i Photodetectar I;Cmuefa J

LS -
[ ffropept— L Je I L [povemea

Lens | ) .
Fifres Specioscope Speciroscope Spectroscope

B5.6 “EHF-P BEYL WA EMFL

1. REAE
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T 6 3 M Coherent /2 8 7= M ZMATIELD, BAMHIEL14 W,
DBRATOT6 nm. TARHRBESHRSE, BER TRRESREHEREE
OABEFEFEPY, Mtk KA R L 1 nmh.

2. BMEERYA

ERBENTEERNTRAGPEATHREBE IR B THESNEE,
REARART P RERSRAKAEE, FENHERSRY (Coupler) . &
5B NERTEALMABYY A EMFR SR EBS0% L.,

3. hEiEREE

AR, KRR NF-PELH, B— DM (X975 BT E85%,
311030 nm~ 1100 nmZ 55 FE K F99%) 1EHEi L, ﬁﬁﬁi‘tﬁ&ﬁﬁi?ﬁﬁﬁ%ﬁﬁtﬂ
B, EBEFEA%ERBERERLE.

4. WEALH

BAITRH Crystal-fibre ATEFHLMA B YO ' AR MF(ﬂ%ﬁU: DC-420-23)
ERE BB L. B 5.7 5 LMA 5 Y™ XUEE MF FIREE. ' 14K
RUENTESY., TRPFREESELAEE S m, hTHERCBEREER, X
FEEMERA 16 cm.

5. IRER

BT ESEEERAT, BAMEANBRI A 45 BIAR, HiZ45E

CHOS S E G e 45 B, ARG IER &R pE .
%1 LMA 3 Yb3+MF &%

HEESH g5 RN SR
HEe (um) | 2322 (ZA) | 420825 600+25
HlELE 0.05@1060nm | 0.55+0.05@950nm

BipE#%Z (um) | ~20@1085nm
SEFE (MD | ~1.2@10700m
Wl E % (dB/m) | ~0.9@975nm

SEM BT ;<35
F1z (em)

-R%4-



2on 5 g s

5.7 LMA-MF 5
522 MENESRS

A TRERAEESOHEEEFEARUTHELRS LR ES.
b JEIE T (0SA)

LB PR EREE S A F4IEHPT0952BE 5 R 1L, YRR
0.08 nm. HEMEHEH600 nm~1750 nm. EEIFLBRMHBEIIFRA, N7
By A ST RIS OSA MG e, LR PR XHFER T EFCH L e Bks:
BRTEEESIAOSAHITRE.

2. BotIhE

AR A RGBSR TNE ., SRR TNE S ALP-3C, BIE
H50 W, BTIIMEEFE LI mW.

3. R BR

SEIG BT 7 8% W HP4645A/D BB oRi 8%, B BB X 100
MHz, B ELBIE0~100 MHz #IKaH{5S.

4, FHRFEEIHTN

FAVER LR FRE BB A S £ P R BT R R R 5 R
LR, EEAZNERN, MEZEEEXN FRBITER, DU R CCDRRF,
CCOEME MBI E EAR T EN, BEiRa#TRn.

§ 5.3 LMAB Yb X8 EMFL G B Hats

BARALRMERRR, MR TLMABYY EEMFLETIRIHE, B
PEFN BT S
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5.3.1 iR

EWMINEN 175 W RHEREDESS (a) Fir, AURBLEMNEENT
1070 nmfitiE. LIEHRLGEEME, HiENEEERE LT A FiEK, Wk
TSN ETEME . Bs58 (b) AWMEHRT2 W HEBOLEER,
éﬂuixttaﬁwmké%ﬁ%umn{ EMWEPE UG, BRERKERRD.

a

S

.E‘ s

Z

ar

E s L

-..MFM""" ’\-\__

101 1.06 .11
RE 3.085 Wavelength(jun)

M58 (a) FRIBIIRA L75W WHEB NS

=

g

(=1

;«.

T

-

=]

i LT . ——

096 1.05 ] 114
RE 0. 03um Wavelength{pun)

B 5.8 (b) FiMizhh 72W MHBOEHIEE
5.3.2 ZhEEfH
E 5.9 FiFh MFL MThEseE th 2. Mihe DLl s, BoRSMBET 2 W
BHE. SORICEIETIE N 72 W, BOCRMBRENThEN 43 W, REMEM
B TN 69.4%F1 50.7%; T BT B BB L ThEHRTT |
ANNETEILER, MFL :‘@%}:t’&“i%ﬁ, HINREFHNTF 02%.
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1 .
5 .
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g n
.
5, ] .
= .
6 .
..
-
! u
L]
.
[
" : .
e i MLt M S B A St e

0 1 2 3 4 5 6 7 8
Absorbad pump power

B 5.9 LMA-MFL RIZh 28 dhisk

5.3.3 U |

B S0 (a) HBHIhE 43 W HEIE MFL B35S SHE, Bk, HiE
AZAER, XEHSEORRE RN, 2K ARPOBI&E A, IO
X« y A REITEHELE, BERLER 94%: ME 510 (a) FATLUEEZ MFL 2%
FEBEORE. Bb, BAVERZMF UE5ESE0UT LG, Wl 510 ()
B, WUERMABRRERTE. '

{a) _ (b)
M 5.00 () MBGHMGEEE: () SNBEGEEE
'5.3.4 BB

[ 5,11 0Bk A B M B AR AB R T, BE RN 25 ps,
FERHE 5~6 ps 208, BRE—HEDMRAT Y. SHRHTHNEBEL
59 YOG MERR R R, BRI M BRI AR
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Intensity(a.u.)

- o
cb b e T A .
——

Time(20pus/div)
B 501 BB TR A R
535 /&

KA, BATH LMA # YO REE MFL T T SR, FRMBAHE)
b 43 W, SUEAERAIYE — HERAE A 512 69.4%F 59.7%, B StAP OB K
£2F 10723 am, JEEERKALER 1 nm, B HEREERE,

- §5.4 T MFL A mA LR iR
ERFRABOEH D, FRERGHABNE, CERATRITOAIAE,
BRI RS AT, N TBAMLTRN LMAME, SOESG G — A
{54 T B B RO BEOR B R AT LB i £ TTUR R R B A B R R S =
K Rfe, BATRARBNRRS dR. ¥ TFACRBETLE—EH LMA
A, ABBESENTRERETABNERR A, ﬁ”;mmwm%&#F‘
REAUTRHAETHER,

&m%mmmemnF%%#%E$é¢$ﬂ&mﬁ#%%%%$ﬁLﬁ
{AEFFERH LMA-MFL KRR EUSIE 0 B EUSURRIARIA. 95, BIRERE
LR T, LMA-MFL S8R BRI TSR RMM, R BHRESHT

Bk, ZRWRT MF RS HLEH 66 cm B CHRET AT EREOER), ¥
AT RAMAELE, B 5.12 (). (0 B (@) FRHAFHERS 247
W, 459 W, 7.2 W N BB 6. '

M@*ﬂﬁﬁ,ﬁﬁm¥%m%mT,éA%%?%zﬂWﬁfﬁﬂmﬁﬁ%
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BEEAGTHRAEM, BB TER: LAHMERN49WH, THORNAE,
ARCETBREZMAE, WE 512 (b) FiR: MAATTIRAR 72WE, XHES
FEERAFETL, WE 512 () Fir.

. {a) (b) (e)

B 512 BOLABAEARRALIETHEWLE, () 247W, (B)}4.55W, () 72W
OLAE HFERY 66 cm)

B 5.2 (o) AR BREFHANBMGR, 5 TREL 2, RITE MFL
BEFOBEBE, MT —MARDRE, AR, LSRR
R, | |

B S.43 (a) A (o) BARDERRRA M EGHGESE, METTURS
() RGBSR, T (b) $5 LPy AR BT T Sr B BEH T HH
Wi |

(a> - A
Bl 5.13 WA BT R 5 [n) LB R iR

AR BT MF IS HERER, ARENS hRsgdE,, TREAD
BT, BrHBEREEALEERE: BAREDE, JAEMEMEEN. S5
B i th AR R

ARSI RE 21 om, BRITRBIBAT RN, BACHH AT
THAK, RETEFN=ZAF. &, 500 MFL EEHRZHEMNEL TR
FREMEEDE. BSUEETATNER 72 W B cE L.
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B 514 AHBER 1.2W BRI ABE
(L fER N 21 om)

e, A LMAME BB EER, MRS IR RSO LB
TEBTMGR. LREW, B MF ETHLREK (66 om) B, HIKEHN
MFL % AHENEIRSE . TYSHEREA 2lon) K, Bk TD MR, &

EEMES TR, AMAE MFL BETEETHREH TR AERL.

§ 5.5 LMA-MF 8% GRS

E— LR AN, % EENEATHERENRE. FESHLTE (I Yb.
Nb. Er) J&FMRmaset t AR S % . M THIE. BERENET. £H
S ACEE B, ATRMENEA TR, AR SRR RS AR
SERENL. 5T 5RABEMNME, WHFER CLmRARIE). XEENE
M EShASSSIEEEREFNNETREY,

4?4‘&Mﬁ%YﬁﬂﬂfNWLxﬁﬁEﬁﬁT%%ﬁﬁuﬁﬁT1M9W
s T ﬂﬁﬁ@ﬁ%?%ﬁMBﬁﬁﬁﬂ4ma

5.5.1 StIGHEE

LMA # V6" TUELE MF 3606 R e 5 5.6 25000, B — R A%
R MF HTERE R 8 B A, A MRIHBLRE, WEREREAT.
q

5.5.2 LR
1. IO R

FRE e i Th RS i mE 515 i, TR T EBRE (DhF 243 W),
MEEST R E, B CEMS TREHBAEBEETH, HTHEARB TSR
B, FRAREE, MERERDRNEHNA, BREBHERA, BIRATIEE
R K. FEASFR WTHEE N 4.76 W RHEEI T BKERIICHH 1640 W, iR
FIEWER 56.7% , X B — RHHAEEBVOLN B IR S A M RELIIR L)
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4+ i
A 34.6%.

=~ experiment dafa

- e A
N O e

-
(=1
\.

N

output power(W)
=4 - N

(-]

"

\ -
\
-\

o
o

launtched pump power(W)

B 5.15 #£T# Yo ' WHEE MF 856t th s i dhek
BB IE 5.16 Fion OB s LHREBREXY 3 dB HRNUF K
W O, fitka. bl o A EHEERH RGBT LBER.

Pnutpul: 1 . 649W
Puu:put:l. 045&
P.mmm.:'O. 589%

w’im

(3nfeA SATIBT2) Jaa0d Yndine

Il ' ] L 2 '} A L 1 Il ']
1030 1040 1060 1080 1100 1130
waveleagth/om '
B 5.16 R MIEE

EANFREBAIIE S 3.65 W R (E 5.16 £128 b Fir), #idi T 1.045 W, 3 dB
b 334 nm. BEBASIEME—SRA, i 3 dB HRESMEE. EAH
EEATER 476 W I (WE 5.16 R o) B TRAHBIH L 1.649W, 3dB
e 224 nm, £E 1050.3 nm~1072.7 nm 935S N RIEF TR E A, SR g
% K 1067.6 nm. '

EARMANREBAIIET, WEHIEN 3 dB 5k, HIEAWRWME 517 5
R, HEES516ME ST, WHUERERENELIEREEN, WiHtEER
REFHFHENZRNEE.
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35 4
L] - -
30 4 =
Easd =
= L]
g 20 4
5 15
3
]
£ 454
m
=
@ gl
0
T T T T T 1
0.4 0.6 0.8 1.0 12 14 18

output power{W)

B 5.17 % ELH 3dB B LEA
553 it

KPR T —MHFANS YO WEE MF #8700 0, FIRB4ESHR 976 am
FEBAEERSHTAE MF, EAHRHENENATCWHERT, REBTEKX
MoEBT FH TN 1.649 W, LB BRI 3R 56.7%, Je— B HAE 34.6%, 3dB
W 22.4 nm, BEWKKN 1067.6 nm.

AE NG

ABTEATBAT, TR TS TR T B TR,
BITHEE TSR ,

I R T LMA-MF CBOBSS) f0%% &, #2587 LMA-MFL BB R g &t
RERATTRE. _

2. FfH LMA-MF (DC-420-23) {EX#EMNH, RENBRMEIIFE AN 43 W,
ﬂiﬁiﬁﬂiﬁw‘tﬁ%ﬁeﬂ?ﬁ%ﬂﬁ 69.4%F1 59.7%, M PO T 1072.3
nm, JEIEEER KSR I nm, BOGAEREEHE.

3. BITHAE LMA-MF (035 3248, % MFL B06E e BT T S5 R
97, HEREH, X MFAESMEREK (66 cm) B, BIEEHN MFL HATE
MriEmosd . MU MERS/N Qlem), FEENES TR, ®AXTS MR

¥, WWAE MFL S8 mIhREHARFEERHE.

4. FIF—SEABA 8 F AN LMA-MF, TFHl TREA SR, FETHRAN
e hE 1649 W, JEETHIRIEME 56.7%, - AE TR 34.6%, 3dB

-92.



R A
HE 224 nm, EEHKN 1067.6 nm.
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FAMENAHONA G R. REAEEXARESZNERHEN K E
T, FRTHAFATSE, RETETHRRE. BRS5HFREKTAALL, R
EERRA. RIFEAFEAN R, BETR-AFFOHENNEHTR, £
SILERFEANRREN WFELHER—HRALRE, RERZNZERNNE,
BREZTARE, FHRE, BEERA, BEMAURENS A REARNITE
EHERAACE. B T2 TAEXEMESRINRE, Tt TROMATLIELR
HREBREWTR, M- ERENEUEETE, WEe%.
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MF R Rl R Z S BUR R AR, REXTIMFR R, BdEee
B RN RO ERGERER R, HE N BRESHHIME,

ATIMPSRE B ILEEFIIE A BERAF 6], Bl SAMBEAAHNTRE

R, SESMAE, BAHEMFRFHRERD, WEFFETSHEMF.
BABIMETRANEE R, ERMFEREG T EZETHFTE—SRAE.
mENAFRRAANTZHANRIA RET G, SRS, RREKE
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