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Abstract

This article constructs an erbium ytterbium co-doped fiber amplification system based on the
MOPA structure. By measuring and analyzing the linewidth and spectral characteristics of the fi-
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ber amplifier, the influence of amplified spontaneous emission (ASE) in the fiber amplifier on the
laser linewidth is studied. Analysis shows that in fiber amplifiers, ASE as noise can cause laser li-
newidth broadening and exhibit a positively correlated characteristic.
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1. 518

N E AR TEWOCIAEBOE T A . ARG SRR G G A A Z N FH[1]-[6]. K EHR
Vi % D2 TR 2% (MOPA) B AR 1S I 1) A5 28 T WOG2% BoA D2 i« AR AR/INRR AT e M dr S5 00 0, S
DR BB RO IR I TV . WOGSR A TE B T AT BRI BRI PR 59 . JEZR MR S e i
o PRI, WEFETBOR SR RO 5 40 58 (R e e HAT B85

LR R AR I REXT O A8 4R 58 A & IR KBS [7]. 1998 4, Lothar Moller [8]152 56 45 AN Aok
LR IORST O LR T ISE IR E 10 Hz LAY . 2001 4F, S. Hofer Z5[9] L NPRO 7 2k Te Ot 28 Nl ok, ilid
KA CLFTBORZRAFH] 20 W RORAE S, 72 S5 g3 IO 58 A 1.12 kHz f& 5821 1.56 kHz,
FHH AN AL 58 i 55 1 i DR i T st R R 5 )5 FE B B 5 S I AR A . 2009 4F, Wu &8 B Y41l
K, RIVHOCHRIL T H RIS . & O BSOS 5] R s Re 1 E ks, 7515 530k
H 2R BE AR B [10], 2018 4F 1 45 NI TR d e i Re ik, DA IO 2 A IR TBOR B % 5 (ASE) 3 80 1
BRI R B [11].

AIHET MOPA S5 7 —Fh ZHRGOGLFIBORES , 7515 56K A 1530 nm~1570 nm i [l A 7t
T AR O A AE UL B AR LB G AT TR AR R I AR TR, E U A LR TR O O I FE R BOR B R 5
S (ASE) X OB LR T IR IAEAT T SEER B ORI BRI A0 AT, SEEGAIE BG AT TSOR A I OK B A fE S (ASE) 2=
IO AR A Ze M S S MO AR AR S AR B, TEAS 5K 1530 nm 52 ASE 520 BB, 48 B AE
1.4 kHz g ¥i & 1.52 kHz.

2. BAFIERSKWRE

SEBG A RO EF TBOR AR SR W 1 s . TROKES R B EE  EB —JUBOR 3R NI B AR TBOR

%%(EDFA) B FUN 13 m KB8s4F, 5y EDFC-980-HA, K] 980 nm LD ot 2 /E N
TR, FARGERIE R ThE R 500 mW,  LBRIFFESZRRIA RGN 412 mw.

FBYURK ARG, KA — 628 SAREBOLEHERN TR, K TIER KRN 976 nm, SZIG 4t
RRBINTIEA 459 W. N T AR IL B A b 110 B R 5B T (ASE), LR Gh2a Je 4R A 1
Nufern 22 ] 4 7= [#) SM-EYDF-6/125-HE, iZXALJZ G4 EHAR A 6 pm, fE 915 nm AbIEE R IK RECH
0.9 dB/m. %325 Y AT B IE S A BARK YD-ASE. {5 56N Ed — Q2 + 1) x L &R A

RSO, RIEHALREERRH.
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Figure 1. MOPA structure fiber amplifier device diagram
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Figure 2. Experimental setup diagram of delayed self-heterodyne interferometer
B2 EREMEELWEER

SEAG A 15 S OR AR R — KT IIE M E L EOLEE, MBI 10 mw, R KTEEA
1530 nm~1570 nm. HITAFEEKIE SIS BOR G RamH LA E, Wi 7 soRd #2 H ASE
XFHOG 2R T B R

Wi 2 fros, ZER HAME RSEH 50:50 #G 4. KT SMF-28e HLEDGLHENIER JE4F . AOM 764
Fds. 3dB f A 25l —A THORLABS A F] 4= 12 55 EDTO8CFC/M YGRS H . R — 6155
EE%%#&E%%IWP CMTR 50 MHz, 5 A, 5 VVP [IESZ(5 5 &S AOM Feiiifeds, (MK
#4950 MHz. FF{E 56400 50:50 A5 & 2% 70 R 7, 28— ilid iR A = AR IR (R 5, 28
ZHGOEAT AOM FOGSISL 21T 50 MHz IS, WEOLE I 3 dB MG #, mAHDGHERIZHE L
BRGSO HR B EE b LA RHIE S . B SRS 2L IAE S, N
M 3 dB 98, SURF & 58 i — R A RRINEOE R 58 . REEHIIE 5 25, 1R kAT i 240,
A NI ASE T B0 28 A B 0 SR 4R i

BB LA 1A R AT DL R — NIRRT, AAE PLah e R e R [12] [13] [14] [15]:

Eq = Eoexp j[Wot+o(t)] 1)
s Eo NIRIE, wo NI O, o)REMOIBENLIES), B REUELREE. BLAHoLEEm

JCDN R FEONIKC 26, HL )R L R O] R
2El7,

S()=———"—= (2
(60) 1+[rc(a)—a)o)]
b o PO IR TET R . SEAIEE IR 5 42 S [ (FWHM) R 3 dB £k 554 :
Af = Aa) 1 3)
27t nT

c
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T HER E AN RGE, R IO AR A S A R, — BB, B
B, PR 4 T TR,

B A A BT RAERT B 5 E, (t) = Ey exp [ (Wo + Q)t + o (t)] AERT STBR I 55 5 Ay
E, (1) =aByexp j[ @y (t+7,)+o(t+7,)]» o RPHIETHOIRIEL L, WPBOLERS 5 EREIA

F N
E ()=E(t)+E () @)
Es()Z G IRIIER S, TEROGHIR I(t), 32IR06 R IRRE S 5 N:
H(t)=Es (DE(1) (5)
G B AH K B EOR :
R (7)=(Es () (1) Es (t+7,)ES (t+7,)) (6)

F 4 Wiener-K hint chine @, X b 2R (8 B kAR, {5 A] 15 215 HE I A D 2 13545 B bR 0N

S, (@) =a72|02(2/16)221%{1_e2m/% {Cos(w—Q)rd + cj/—T;z sin(a)—Q)rd}} o
+§aﬁ@4wmﬂw—9)
Md, > B, e % 50, RILA:
2
SJ@Z%ﬁEﬁf%EIS ®)
BRI, HAE B A N
af, =B 2 9)

FEWS B AP ZEVE[16] [L71I045 M A RE TR C 2GRS, I HUONBOELR SRS, RESIR M v,
(vo =t B EIT Sv (Sv=Qt), RIESE NS CATB G E] 76 ORI 25 vy DA B (10 S B, AT T LLIE
A A AT 1) 2 v 4 T 1S B BOC AR M SEPR LR 98 o 1205 1K L IE N C £F BRSO AR T4, 2 R AT
DUR BN LTH62E, HIEASZ S S BRI o 38 AE B B () 22 22 /D2 A T R 1) 6 A5 Fa A ih 26 1 2
A A HE AR R AN AE[18].

2 GE IS IS TR A I S ST F0 o A0 3R B0 75 Y 1R 1) 88 P R R AR A — N R R B S 5, 1%
AR (T)H 6 RERIN, 4 ol = 10 B, WEHISIRALRIEA SE . BAESLFRIER, EXf
LTS R AN K, G SRS A B e O e b H I T AR, R AR B AL BRI R FLE R, 1
LA IEALIE B 2L LR BRI ] [19]

3. LWMEBRLERTH

USSP BN 1530 nm~1570 nm, A&FERE 10 nm N —PNEREIR K, AN ThER SN
10 mW. & 3(a)~ K 3(b) 7 il s — G Tl SR RGEAE 1530 nm~1570 nm e [ P i H D 2R B 242 7
Dhae B An ], M ZR I e DUA H, TROK Dh 2400 Bl A S v Dh 28 A3 i 2 B 2o e B K a3, JF LK
A HDIBEMILS .
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Figure 3. Curve plot of the output power of primary and secondary amplifiers as a function of pump power. (a) is primary
amplification, (b) is secondary amplification
3. —HMAF R LT EFERIBNRE WL E . () A—RK, (b) AZHZHK

4(a)F 5 5K 1530 nm~1570 nm. SEFRH AR IE 412 mW I, — R DR RDEIE R, o]
UG, fiH EDFA BHMTE SR, (E5 SRR BIIG5R, MRS 15 NAXTEUN . B 4(0)h—R0iCK
TR 412 mW. KT IIR 4.50 W I R Gu 4 HOGRE R, o7 VR TR T 85K ASE XA
IR, kT B RS 5 ek KA 1530 nm A1 1540 nm i A HBLBA .16 ASE, DL 4
H AR I L BT HAh K . 38 1 VA RS S K R m i h® . 2 4rily 1530 nm Al 1540 nm
28 BRI SR i, RIS 2 (WA B 2 5O0d R, =4 2 B kK. BEEE
O B A IR BT IR R S0, REH I LT AN ASE [190&, ASE #5535 H155, 4
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Figure 4. (a) is the first amplification output spectrum of signal wavelength 1530 nm~1570 nm, (b) is the secondary ampli-
fication output spectrum

4. (a) 553K 1530 nm~1570 nm —ZRHURHIE S, (b) AZRAMAK L AL
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Table 1. Maximum output power of different signal wavelengths
=1 FRESEKESMLINE

PR nm 1530 1540 1550 1560 1570
— K mw 148.89 150.57 153.67 151.48 152.25
TR W 0.924 1.039 1.055 1.087 1.086

EEUE SO S K 1530 nm. 1540 nm. 1550 nm. 1560 nm A1 1570 nm, {55 2ZFE )y 10 mw
BHTER S E . 458 nE 5 fis, B 5@). B 5c) Bl 5(e)MEnRES . B egd—g0sk. 15
SO ZRIBORSE, RS AT BRI 2R, T ARG S ARSI L (R A S A R T 2 4y A
1B, TGRSR RN, ML E R A FKAF 5 RS O G 4R e B4k, RIS 2] i 26
BTG RS 3 dB A .

K 5(b)~ &l 5(d)s 5 NG AT ACR S BB th RS AT H R R T . 45 RERW, X
JOK A R ARSI, O LA 72, HARTE R, RZBOKA KRB, &
R LA B350, WOk 2k 58 Fe 56 R IS o

SEIGAIE SRS HBOR B R SR 2 RO R T M B E R R 2 —, ORISR LR JBOR
s B BEALAEAL R B RERIHOE TS BNE Sk, X SRR T BB 75 S5 R I AEAE
BB, AT 51 RS IO 26 (38 n it DA 32415 WO 28 1A 1k e o T 28 9 AR e AT 46 B 25 [20]
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Figure 5. (a) (c) (e) Measurement curves representing signal light, primary amplification, and secondary amplification, re-
spectively; (b) (d) (f) represent the line width values calculated by fitting the signal light, primary amplification, and second-
ary amplification, respectively

E 5. (a) (c) @PARTESH. —RBMAFM_FBARMEZE; (b) (d) (ODARRESHK. —RBRFI RN
KNG HEERKTEE

SERFORMA G T E AR HAE 1530 nm~1570 nm BB, MRS S oA L S (E 0 3l 1.4 kHz. 1.41
kHz. 1.42 kHz. 1.39 kHz. 1.381 kHz. 1fi; EDFA Fil EYDFA 15245 SR 7 — Lo IL R, —
A5 SWOCIRAELIT BOR G & T8I A AN FIFE LR R T8, T4 06 e v Bk a3 2L —JUBCRA&TE R T —
WKL T R TE S WO . H— 7T, K A S (ASE) IR, 75 E A R E 580
JBORSES R, T4 ORI LA R, O TE Rz AR, HodhfE Sk Ky 1530 nm I
KA AR b /N, AN 2R FE AL 1.4 kHz JE 8% 1.52 kHz. 115 5 K24 1550 nm i OK 2% 1) i 15
PR, B ZR5E i 1.4 kHz 98 & 1.423 kHz.
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