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Abstract

Abstract

High-peak-power, all-fiber, pulse laser has becoming an important laser source for
lidar by their many advantages, which is important to improve the performance of
the lidar system. This dissertation mainly discusses high-peak-power, narrow-pulse,
single-mode, all-fiber, MOPA laser source for lidar, range finding and 3D imaging.

The main research details are summarized as follows:

1. Firstly, the experimental research of the seeder laser of high-peak-power,
all-fiber, pulsed laser is directly modulated to generate optical pulses with 1.5-ns
time duration. In addition, the different repetition rate and pulse width of the seeder
laser output is researched. The pulse width of 1.5 ns, 965 ps and 841 ps were
obtained at the repetition rate of 30 kHz and 50 kHz.

2. The theoretical and experimental research of high-peak-power, all-fiber,
pulsed laser have been discussed. The semiconductor seeder laser is directly
modulated to generate optical pulses at 1549.8 nm. The high-efficiency, low-noise
preamplifiers and high-power double-clad fiber amplifier were reported. It can
produce 1.7-ns pulse width and 5.1-kW peak power at repetition rate of 50 kHz. The
output power of 0.5 W is obtained in the case of CW laser output.

3. The engineering implementation of the high-peak-power, all-fiber, pulsed laser
are researched. Firstly, the pulse-width, temperature-control, and output-power of the
seeder laser have been discussed. The high-doped double-clad fiber was used to
reduce the nonlinear effects. The output peak power of 7.6 kW is obtained at 1.2-ns
pulse width and repetition rate of 50 kHz. Then, the fiber tapered technology is
researched. Finally, the engineering results and laser prototype is achieved.

4. This laser has been used as a transmitter of high resolution 3D imaging lidar,
which achieves the function of 3D imaging and gives the scanning imaging results.
The performance of the laser was verified. The imaging results show that the
single-mode, all-fiber laser source can be very suitable for 3D imaging lidar. The

distance precision is about +7.5 cm.
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N 1064nm, HEEMAE 10MHz, BKA%EE 10ps, EFMALIE 200W, JEH
HE 79— RN R AR R A K AR R
FIH E—TTAHBEARAR, BITHFHRERE YO St BOCEIEAT 13
AR, REMNSHEFLULAR YO B 444t MERE: 860nm (L LML,
0.13 MEE LR, Sum JELFLFNER, 0.84ms [UEES Far.  7E 1000 ppm (1]
Yo B N, SR T HERIGE R, B 24 AES P LI 1064nm B,
ARSI E N, RN KERNRNICR, B 25 AFETHE HR
B, RTINS A D
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S
n

4.g| = Lo0mW
| —e—110mW ‘A,44r<—4—4—4—<ﬂ
3.5 L 120mwW &
—v—130mW /,4
= 3.0 140mW A A
£ 5 4 4 150mwW f/ s
g~ 160mW ¥/ ' A
E 2.0 / —C—-—cﬂﬁoﬁ.ﬂ_._‘ﬂ
:g‘lj ﬁ/ .7.‘.‘._._.‘.;‘-‘! ]
y -y
1.0 &
0.5 A
0. ol
i 2 3 4 35 6 7 8 9 10

Fiber length /m

B 2.4 1 ER FEC AT K E RIFRIL

(=] £y th
l\.

Amplification /mW
|¥]
T

T

"0 80 120 160 200 240 280 320 360 400 440 480
Pump power /mW

B 2.5 38 55 fEHNIZ Dh R A9 4L

B LA PR TR, BORE I AL EE D RERE, R rRKEL
fa, RS 6D 3 S R TR . Rt A B e AR, B4
ZBIERIEN, MR MA S WIS S, PABRMN R, XA EER LR L
ABORER 5 TR IR AR oA K E MR A RS —E WS %, o
BATH, B—RRAEME R A KR Sm. HIZF % 140mW B INF] 160
mW, 125 R NT 0.63 dB (0.48 mW). 1 H 43z HIhEEiAE] 160 mW i,
Y 55 2R PR T AT P AT, SPEURRAE T IR T B — R R
BT 140 mW, RN EMIE TRR T RSHERMBLEL
WAL 514, BATEWE PN NSEIET, BOREH I ASE IR E K
MLk, £ RnE 2.6 fix, MITHEER T, EMS SHALE S
G, BEH I ASE 1R, H ASE MRS E S FESHEE, AR

11



AT ROt E R REE RS AT RO B AT R

Hh 7 A BB AR A DE R

22,

ASE.

20
18
16
E 14

=

—u— 100 mW
—e—110 mW
A—120 mW
—w— 130 mW
140 mW
—d— 150 mW
160 mW

ASE noise power
(=,

5 RPN SRR A R R ENR M E0E . JIF A BN DERR
ASE J5, X5 ZRBORGHAT VIR E . B 2.7 AE SIS B A KM
ZAE, H 2.8 AESHEGEMIZIIFEAZL. 2R EEE NS _RiR
FEME S A KN 4.5m. fEFZLUESE 300mW IHZ R INE T, B RS
IEET 18dB HUME A . 22 USRS 2 e B IE 2IA 2 T 39.89dB, 5 5 9REIA
Fl 196 mW. [FIR], XF ASE FEJ6 A K MARIL#AT 1 it5E, B4 15 Z 4RI ASE
SRR, B 2.9 N YRGS ASE BRI R RN . MR R A LA
Fil, KEMEHCRE, B50er4 TERRIOE R, MM ASE 33 AR
o HUETHESE W IR — R R EE G A IR AN BT 78 0 2R3 2 3 AT Uy e P

4 5 6
Fiber length /m

2.6 ASE M GET K B RYAEE

W RRELE YO Jesf iR SR L5 %,

221

200 —=— 200mw T a——

150l —*—220mW 2

A 240mW ;

160| —y—260mW /v/'*'_'—"vaﬁv—+
E 140 280mW // A A sy
E |« 300mw /F"*'*H—'ﬁO—'f-
g 12 ./.—lfl—lk.— A= - .
£ 100 f
=
= 80
5 60|

40

20| ‘/,/“

1 i 3 q 3 3 78
Fiber length /m

2.7 B SR K AN
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275
250
223
200 -t

= 3
g1
g 150
£ 123
o)
= 100
E 73
50

o

80 160 240 320 400 480 560 640 720
Pump power /mW

B 2.8 {5 518 5 M s ThE 221k

—m—200mW
—8—220mW
2.8 240mW
—v—260mW
4 280mW
—4—300mW

[

ASE noise power /mW
L 5

1
0.8
04
i e i
% 1 2) 3 q 3 6 7

Fiber length /m

P 2.9 ASE FESEA KRR 1L
T 220 P R H TR BE A R R A DD BB AL R OLIAT TR, B 2.12 (a)
by g5t T itES R, HEAAL, £ RE — RO it D3 A A 3
MR, MESESPRBRSE)E, BEERAS TR i (=
SHILTWAIE, WX T E RS YO JE O, BB
A= 5 SR EE 75 A — R AU Y8 [ N it i 3 . 3RO RATIAE Bt POR Sk M 1R
B DO A EEE T 255, UBGEER T IR R .
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M T8O B BRI B ETIE 206 kUL AR AR BT R

&

220
3.5 200 ././.
, 180 ———
z & 160
& £
523 5 140 -
3 £ 120
a2, a
= = 100
£ £
b 5 5 80
] ]
£1. & 60
= =
<} O a0 «
03 20
. 3 0 T3 pii] = % 3 Iy E; 0 b5
Input signal power /10'5W Input signal power no%w

[ 2.10 it DIZEBEM AN SHEE M (K (a) — BBCR AR, (0) HECA 25
2.4 Er AR R IR
24.1 % Er ORer ikt
WH 1 B OB TR KA T 1550nm BT, P 2.11 448 T B ks
FIRELREE Y. P 2.12 Oy Br' B A WR WSCAR T 0 2 S kT 724221,

“Iyn
Tia
L .
o=lps

S S

800nm | 980nm D —"
L3

= 10ms
1480nm 1520~1570nm

4
Lise

B 2.11 # Fr a4 EE R 550

10
8
— a
E E
@ 6 S
) =t
z be
53 =
5 4 £
2 2
o @
= ¢
2 <
0 1 A I -t l ) l i 1 0
1.48 1,50 1.52 1.54 1.56
Wavelength(nm)

B 2.12 B B 71 W YAg A R o B R T
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2.4.2 35 BP R AR Mt T R

L s g 3 ) N 4 4 4 o
Bon REH B ETIRE, ny onye n MEEABES Lises Tisns lun Bk

FH A, kTR,

o= +n, +n,

dn

71‘1 =—(Ry; +W ) + (7, +A2Rl)n2 + Ry
di’lz R R
dt = Wl?-nl _(Wzl +A21)I’32 +R32 &

dn
d; =Ry~ (R, + A;\QR ),

(2.17)

(2.18)

(2.19)

(2.20)

EIEFAASEN, T a=R, + A b=W, + A", WA )7 FR2.19F1(2.20)15 5.

NR_.
Won —bn,+ 4. n =0
R —an, =0

1

BEYE(2.17), (2.18)F1(2.22)15:

ab
n =7n
b Ba+ R+ alVy, + R, AN
R13 AZTR-FQM/IZ
?’22=

43
" b(a+Ry)+al, + R,AN

a, bEIENRIAQR23), Q2OEBFFaFE TR T8 7070 7 72

MNR
2

R
(I+w, o)1+ 2L
4

NR
32 32

B, .+R R
A+, o)1+ W) + W, T(1+ y LY+ R T

R
Rt +Wr(l+—2)
2

RI!I +R13 R31
(1+W,,0)(1+ W) +W,r(+ 2+ Rz

MNR
2 32

AR =R S FE S, W(2.25), (2.26)0] 5 H:
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1477,
1 i (2.27a)
vV, + W+ R,)
R Wor (2.27b)

nz = nt
1+ (W, + W, + R.,)
+ 980nm iHiZ i) EDFA I UM ZRER R G0, WP 2, L3888 T, {550
SE YN 18] 34T A -

dZ = [O-e (;bs)nz _O-a (ﬂs)nl ][S = 0-2 (/’]L’s)[n(j's)nz - 1’11 ]‘[s (228)

K o, (2) s o, (A) 4 A A, Kb B S R B T R S RO A T .
)=o) o,(2,), WIhFERT A

_“77 n, _"1][ r Q)rdrdﬂ (2.29)
Vi1, 5 D, BE R
1 (z)=P(2) v (r.0) =P(zhy (r.0 (2.30)
- P

Ky (r0)AE SIS, w.(n.0)=w.(r.0 st r.0)rdrdd 3091k,

B E s, EiEn . n TP, B9 ER:

f;? = (2P [[12. o, (. Ot (231)
U 1R
1/2
= {l Jw.r. Q)rdrdﬁ} (2.32)
T

R ASGE R A X AR, TR (231 5 A

P (1P, 27 [, )n, =} (. O)rcirio = p 2%\%) j (12, n, —m . retr )

dz

(2.33)
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HIES MR

dP — 20 (4
L= -O'a(/lp )Pp -ZEInly/p (r, H)ra’r =-P, O;O—(Zp)jnl(r, Z)l//p (r)rdr
5 I3 5

dz

e =R & G AL R R N
& _ 2008 1 N (1, 2B, + 28]~ 202 e

dz @

ks pig

AF P =hvAv.

IRIGET 2 77 1A W SV B T W,

ho, homo? °
O-Q(US)
]’/VIZ(;r Z) hl) ﬂa)z Py(z)ljs(r)
fhizEHE A
_aly)
R(r z)— kup?ra);' Pp(z p(r)
= AR 1 (v, )
fmf(vs,p)= ho, , hu, ,

lo.(v, ) +o. (v, )] ) o, (v, M+, )l

xR AT P (o, ) -

2 2
( ) 3 hu, 7o, 3 hv, 7w, ,
sat\ " s,p

o, ) tou ) o, )+, )l

(2.34)

(2.35)

(2.36)

(2.37)

(2.38)

(2.39)

(2.40)

EXHEHH - WEER: P(2)=P@)/ P ,), PF(2)=P2)/P,v,),

P(2)=B(2)/ Po(v,), TE— I, (520 REMKENFI, ASE FHE
SR TS FFTR . WIS (2272) A1 (227b) MORFLUE K-
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ey ZE ),

1+1yj

(r,z)=n(r) — op— (2.41)
& (P, + B, (1) + (B + B, (r)
J
N
(g+ + q_)wP(r)+ Z(LFJWSJ'(r)
m(r.2) = n,(r)—— R/ (2.42)
1+(g" + g ), )+ D (P + P, ()
J
KRN E RFREATihE, NI AR SRR R A
1A P +1
Ay, _HtL p 2.43
dz a‘”1+2PS $B, £ (243)
#__, Bt p (2.44)

dz “lIR2P P 7
AFa, =T, 0, o, =Lo,nHKHREHRBIE R,

MU EFABIR T LLE W, EIarHiEA 2% A5 Ky 976nm FIfHIZ
5, BiSIEARRE TR, BHESLEOLEN, BB 2R RN
SR, JEARURAR R R BT ORI RO R SR . AR
GE%, B EDORTER, BB TBARESYHEL X, RESHE TR
B EE T OCE RO s . SRR SR ELRLE IS E,
£ A TR AT W R IR BV SR T . ATLASRAE S i o i diiz s 515 SO B4R H
FAERTTRE . RERFEM SAULFERE T JeE BORSHN A ARG, R
L EZ R M) 28 R R SR R 50B B A RO BRI B
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B8 EAROLEN TR

B8 EXAENEMNFIRENTAR
3138

HFHons T, BotillEE ., Bk =48 R F Sk B s B, Eik
M EERIR AT BT O R B B, Elkah . BAURE g H 0 E AR
ARG AR DL SR BOE R AT /E AMOPAZE #) & Fe AP B e # B0 R 7R, {HEH
TEHIEEIL, TEAICHBAAGREERSMNEHIIE. Bk =fEch
B, ERBEOLSE EASR. Fak, IFEK. TEES. BROEES®R
o, RHTEOCEIITRELLEY, W Z M FMOPAZE M2 B B 1A T
V8 o PR T ] — T S A2 RO A AR T IR MIMOPAZE 14 4 2 Bk b ot 4%
BAREENEANE.

PP RBO AR B U N T BL R KR, (H R i N R B A
BRATHBIN, FaHE PRE N IR 2R KIEGRES. AT ESHEHE
HI T HAEIRS I KRS, R T AR (DFB) A1 S4E0E8T. DFB
BOGEN AR AR NE T AT LM (Bragg Grating), & T il &4 #F5
s . RFEERSR (D RS HEMREEMAT S (2) BEthl (8
LA, T HILR SR IR A LA R IMHz LAPY, B v A% (7 Bk B e A B
WA (3) BEAE 730nm F 2800nm U3 K HE KN EF] 10mW F 150mW 7153
Brdis (4) LR ARE S, B AT A 40-50dB PALE.

LI LA TR P A 1550nm #5563F DFB S4B # (LD) #1T 1
5. (1) TO HFEHIGERER 2om H9F0 T LD, HL# KA 1546.8nm; (2)
14 #HER S SHIE TN 0.1nm 1R LD, HBIE Ky 1550.087nm. 14 £t
T B L DGR B 0.1nm Y DEB ¢ SBOGR mRCE BEIR, R R, Hik
BOGRIBRSEE . G LR, AT LA B0 A R S i KRR, L
RAE 4 O AT A T DRI A B IR R G 0 ASE, AT AL
HiAR S HOE RAMPERE . 1550nm A8 28 % SO 2 0 3 B4R A - RA
14 $HERESE, WERBESRT, RERSEH, EHEES. EEOESRAEN
LEAT R R AR FR 8 MO e R S, BA BUR 8% O R 2R A A i
RLHDH B
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3. 2 AR IRER

Fotaf TS MR B EME3 IR, M 7EEESEROLE .. s R
BRI REEFERULESRERAR. EoRESFEMN TR EBES.
Pl kb i B R L P SX 2 B I Y e B R B8 FE SR Tl RE X o R A B BT
REEAE = HET WSOt Es TARRAEA], iR IR RS T3] S Eota i T
TR, SEHUBOL S BN R Fa = LARDSL,

Hotas H T kb Eochnt 77 AT, FE5 R EsrEkebES, MLk
PR B AR B (5 5 UK e o tas SR AOL e bkt SR fE ot 48 BARK o 77 X AR, S
kb2 TG EFJROR 830K JR 3748 B IE(E TR MR RO BT « BOGESH T IESLH
Jefmrtt 77 A TTARRS, 3EH BB RRIEHIE T R E sl EENRGIES, 235
HUER L EOR B RO & RS A S, MECL SN IELRUES, Baeld
SCE R s L R RS B Bt Al -

Rz
FERES (WouE | —>  Hot
A
g
3.1 BOLA TIRE

3.3 KA TOHENFSHHEEMFRRBLER

%t TO 335 1) DFB - S RE0% 88 14T BRI o U 41, 72 58 5 A2 501z
i, G HEOL T %y 3.93uW, HOiE KOl 1546.8nm, BN B A 1.5ns.
WA AE A 45GHz TRIMER 6GHz /R ER 315 T T I5 S 06 Bk B 7
M RBINFEIE, AR S0kz W HEBOGROEIE . B 3.2 Jfh T I5H0 Fn tH i 1)
W, B33 AL REMI W, 8 3.4 kIR0 B e . MR EE 5
SIRRE ] LG i O GRBARTRE, 1 I TR RE M n] LA S R SE R i A
IREES
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E=F AOLHEOLE TR

Intensity

L L L
Time {2 ns/Div)

1 3.2 A5 A0 LS B (] 5

P 3.3 A0 0 a1 B ]9 2 TR B

-20

()

Aok

Power (dBm)

! 1 1 L !
1535 1540 1545 1550 1665 1560
Wavelength {(nm)

4 3.4 Fh 5 A H LTS
3. 4 BRI FIRADL AR IS
SN Ll SN TR S IS G N Sk i e AT e B E Sl EL ISR Eb -0 T
JPAB T TR A BR P 5 . B R AN TR AT R, DUEADR A
ROCH R PR, B T A SERRR R IR BT ANEIZEK . JRATEA D
WO E Y 0.1nm (R i DFB - G BOE AT, A (A 3R A A0k v o )5 T
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MATROLEE NS IEED R 2L R RO B AT R

TR B eh ORI H AT T SS9 R AT, 75 S 30kHz Al S0kHz % AF ., 4
BIARTE T HF SN 1.5ns. 965ps # 841ps (UMK eat, K 3.5 N HIY
TR . IX L SEE 28 AR AR B LRI E D%, BBkl 5282, MOPA £544
Bkob 4 62ROt AT T 7 LAY A4

(1) EEMHZEI0kHz ., B63RME 1.5ns fkm

Vi it

(2) EFHE S0kHz , #otad 1.5ns fk

(4) BB S0kHz I, BOGA5H 841ps Fkiw
P 3.5 Be A A TE S L I TA] i 7
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ZNE HEENFEERTEEHNERTA

SIEEINRE AR RIS AR

i

=
4.1 5|15

B PE T R RN ER S, EET. TR HRSE— 250 ab,
BOGIER R e E H RO TS R . H ATHOGIREHOAR T2 Ak oIl e
AR A S 00 BE 9T A 207 oo 00 B A ) P e SR AT Wi (5 5 O e 1)
LR SEHL A H AR BRI Y, ok aR R A e Bo S R ARRE, REdRAS
BBk RE EFIEEDIE, (CMEEE, H% HEkBRNERRE, ME
DHERAGASIE KL, WSS T BN EP. A &R & S
SERNBEI B b R 5 RO HEMACT 2 TR) S B A AR o 22 & 1 BE 20 (5 I 2R S5 B X il B
PREEES I EDY, ARSI B AR RS S L, 0 BERS FE Al Lk &
ZKE, HETREHERK, RiEEFIEESNED.

XHEOGIINE SR, BORBOLE RA S IEE T 7 kb o EABHRE BTG
7 Bk R 3R A5 BT LAE RO A o St OB I (E T 2, SRl 2 5 . Boelkonh -
THE BT BB R R T IR = i 2| SRR FE el (IR R B iR 2,
T A . AR RO A ) — N E MR, LSpumIE BT A
HR 222 Mot Bt . Al AR 22 206 IR RGO ECE R SHEIE R, BETR
AR BT N & A AT 1550nm Fh TR K £ 4595 L3 B (MOPA)
i TAE 5 AR TR B8 e St 0.

SEPIMEBOEINEERE AR MRS, T MOPA £, LW I A% 4,
RN ROLES . B EE vl BN LUk RO s B AUE RO S B AR
A BT 1550nm SUEE RS A Bt R A ARG AR 2R B0t E
LR E DGR, PRI IRAIE R T o DB AE 1550nm LR DEFB 2 3EROLES
VEAFTIR, RABEBHE B SCeH AR AT R RO B0 e 2, F s
Er YO IR A B A R AT RO, e A R R S T A S
Er’ A OB MU 2 A OB IR BE . 3815 T BB P B St .
S H T BohBoti e, 755 S40% S0kHz B, 3718 TR R 1.7ns, IG(E
ThEe 5.1kW B BB Eos S H, NN E Bked EJTET A 370ps. A TEEEROL
B, AT INES 05W BIELLESE S B A H . BOGES RE RN LA B
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AT HOLE R R RIS E T3 2t AR RO TR A

ST AR, BRI S PRSI PR R A R R
42 KWKRE

MOPA Z5 0 6eRHO A I SE R AR B AN 4.1 s IR B0 K H DEB
SEBORE, BB RO RN 1550nm. AR BOR 2L HE R TR
Ml —R ERORES, BT USRS I —2EH] 12m < 5.8/125um B
Er AR 8 25 R 4F . FURCCBR IO RN 255mW , 976nm (24 SR B 28
Ik —A~ 980nm HY 40:60 A S A G RN, Al A
980nm/1550nm K WDM %, 1 R IR & P RSO # K ABH5 B 12
2 b AR —JURCRES, S T I SRR 2 RORIERREOREE AR R ASE,
AR & R AN T BOR R R I AT I RET b B s BOR#5 8- 2 IRl R B o
K, By b RO AT R IE BT

EHOREHIE R EFE 4.5m B9 B0 YW B AERL, FFEEEN
7.5um, WARERN 125um. ZHEFEMILEK N 976nm 2 BOCARE
HOEES, RN EAN 105um. I —ANQ2H) <1 BPREF G N E =1
mIGE, GRS LAREE DA A HAR . BEFLRAEE, TR
IS AIUAD . WEHARFE D, AR RBNEOR I o 78 3 ORS00 o5 4 &
DIRaE s, B narumnm iy s, s S B R BOR 28 s o

EYDF (2+1)x1 coupler

Preamplifier

r e — T T T T T \
\ i \
\ H 5.8 um/125 pm 5.8 um/125 pm |
| SM pump LD \
W |
seeder ; O ‘
| WDM |
- MM pump LD |
| 7.5 \
‘ 7.5 pm/125 um f__lq ‘
= ‘
| \
- [ : O ‘

\
\

Power amplifier

A 4.1 = IE{E ThEMNPP K 2L 4 MOPA Bt 540
4. 3 LG R N Hh
4.3.1 W es H T Moo S i sEie 45 1
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ZNE HEENFEERTEEHNERTA

FEA[F] (1 1 23 Yoo B F X 3 — R FUBOR A 10 i ) 2 R BE 2R i 2 R 1 A8 AL
T OUHAT TSR SRIG R T, BAE T iZUINS I R e K . i
4.2 B NS — R AN F G AR gt R BE S TR i AR R L - E
B R0, TEME AR GET 7y 12 KRIN JEON RO R R 3008 TRORHIE 2, FrRASE 2K
FORAR R AR A A 12 K 558 SRR SHAT T RN R K #e
S E R 5T .

Output power (myy)
o o
IR

| L 1 1 | 1 1 |
0 28 a0 75 100 125 160 175 200
Pump power (mit)

B 4.2 5 — SRR g h i D B s T AR L
FEFEOGER N B E ATy 50 kHz, Bob 98 EE Dy 1.70s B, FHUBCRHAS A St 2
EMFEMIERLME R R, WHBCRSHE AR, WA 43 PR, 5508
TR 535 TR 2mW WP B34, WNEEDFEN 560W, M
M5 S 125 F) T 40dB.

s
[}

s
=}

-~

)
@

output power {mit)
T T

[ == R = R B =
T T T T

(=1

L L 1 1 1
a0 100 180 200 250
pump powver (mi)

[ 4.3 D EHIZETIE T HURCRAS R% i Th 3
2o 1 F R A 25 B RO Bk ek BT 2 2 A BE R 12 20 SR A AR 4k 28 A A
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AT ROt E R REE RS AT RO B AT R

44 For, ERAEHEIEILR AWK, 3RE T FHIHE 044 W, JRIEEE
5.1kW R B RERS K RO R

a00

400 - /././‘

= 300 -

Output power (miy)
.
8
n

=}
S

0 | 1 | | | L |
0o 05 10 15 20 25 a0 3.8 4.0
Pump power (YY)

4.4 2RO HIEMIE =R
FEEEMFE S0kHz v, W& 7 EROA 4 KL 80 . aniE 4.5
B, BOGSEHBUCHI Bk S EY 1 7ns, SRRk ETHE A 370ps. Bk
MRS A DA R S A ROt S, ISR, B LR
1R b T AT BAAR S A

[P

Time (2.5 ns/Div)

4.5 ZERCRCER S A Tkt T
BotwR S RO Bk R 6TE N 4.6 B, SHIE ISR LR T 20 dB, IRES
F B O R B AR B A Y ASE 01 BOR 8 iE iR . FEOLET IR R GuSEdart
BRG] TSR AR RN . I RS B R A RIS B
HERAFIeer, W T BAEothh, 8% TIKALIERNZIE. BO6ES R
(RIS Rk b A A BT LA Ak B B BE 1 2K
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25

a0k

a5

Paower (dBm)

1546 1548 1850 1652 1554
Wavelength (nm)

(a) B FIR

25

a0 -

a5

40k

a5 L

Paower {dBm)

50k

a5

E0

65 I
1540 1545 1850 16558 1560
Wavelength (nm)

(b) FURCK AR

28

230k

35k

A0k

45 L

Pawer {dBm)

E

E

RO R

5 L I 1
1540 1545 15850 1555 1560
Wavelength (nm)

ORCES O
4.6 1 oL Bk B
4.3.2 WOLAS R T EEERROG B IR B SRS £ R
Wosas TR A EER], Fo-yR OB S 07 AR, Mot 1T
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FON1.06mW RIZESHGE S, KA BURER IR L e oKt B 308 2 0.5W.
B 4.7 B AR TR ThEe O3 S H E SR 5 LR S RS S i
P HER, Botss A AR LI 2 HOtH AL NEE R ER . & 4.8 iESH
BT, B S RO S e Y g .

1 |
Time (5ns/Div)

(a) BFS

(b) K




FUUE FIEE TR OO R TR

(©) DHEFNRA
4.7 Hri RS S S E T Bl
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