Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

TRGLEHE S I LT AR B L TR M RN 370 BN BT R E RS2

qAe Ek RRF LMY Fab A A4

Effect of phase modulation on linewidth and stimulated Brillouin scattering threshold of narrow-linewidth
fiber amplifiers

Liu Ya-Kun Wang Xiao-Lin Su Rong-Tao Ma Peng-Fei Zhang Han-Wei Zhou Pu SiLei

5| Fi{5 K Citation: Acta Physica Sinica, 66, 234203 (2017) DOI: 10.7498/aps.66.234203
{EZ815%) 32 View online:  http://dx.doi.org/10.7498/aps.66.234203
23y 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/123

A RERR AR A S E
Articles you may be interested in

BT 18 SO K AL X K I8 B B DG A BUBLEO #%
Dual-wavelength mode-locked Er-doped fiber laser based on optimizing gain fiber length
PP 2EH%.2017, 66(13): 134203  http://dx.doi.org/10.7498/aps.66.134203

160V i [ 1132 1E SR & I A SR 06 A% B BIE 72
160 W laser-diode end-pumped Nd:YVO, slab laser with positive branch hybrid resonator
Y= 4.2016, 65(19): 194206  http://dx.doi.org/10.7498/aps.65.194206

P32 Gh-PINESUSHS 2 W 1 v BT D' R AR - 2 N YAG 0D 06 4%

High repetition rate and high beam quality joule level Nd: YAG nanosecond laser for Thomson scattering
diagnosis

YE = 4.2016, 65(15): 154204  http://dx.doi.org/10.7498/aps.65.154204

5 Erd T AL AR s Hh £ AN bk e ) 7 A
Theoretical study on generating mid-infrared ultrashort pulse in mode-locked Er3*: ZBLAN fiber laser
YH % 4.2016, 65(4): 044206  http://dx.doi.org/10.7498/aps.65.044206

WO R W B I IR G R AR B0
Laser diode double-end-direct-pumped slab laser with hybrid resonator
VP 2E4%.2015, 64(1): 014203  http://dx.doi.org/10.7498/aps.64.014203


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.234203
http://dx.doi.org/10.7498/aps.66.234203
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I23
http://wulixb.iphy.ac.cn/CN/abstract/abstract70341.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract70341.shtml
http://dx.doi.org/10.7498/aps.66.134203
http://wulixb.iphy.ac.cn/CN/abstract/abstract68379.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract68379.shtml
http://dx.doi.org/10.7498/aps.65.194206
http://wulixb.iphy.ac.cn/CN/abstract/abstract67937.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67937.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67937.shtml
http://dx.doi.org/10.7498/aps.65.154204
http://wulixb.iphy.ac.cn/CN/abstract/abstract66634.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66634.shtml
http://dx.doi.org/10.7498/aps.65.044206
http://wulixb.iphy.ac.cn/CN/abstract/abstract62304.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62304.shtml
http://dx.doi.org/10.7498/aps.64.014203

) I8 ¥ 48  Acta Phys. Sin.

Vol. 66, No. 23 (2017) 234203

RALEFIE S E LT AR T T IR
Z it BN RS B E AR

A AHD  F D

F A EDT
B AN

o« V2 Ak D)

2 & 121

1) (EBsRHAR AR R R 5 TR, Kb 410073)
2) (RIWZ LM F B R GF 0, K¥P 410073)

(2017 4E 5 A 22 HYEl; 2017 4E 7 A 7 HIKRIE R )

1o D AR AR AR T G T TR A ) it DD 26 2 A2 BTS2 A BN A (SBS) 0z, T i AR 7 i i k47 2k 98 e
T8 T AR 2] SBS RN, JE T AR 2k B8 G £ TROK & o 0 SBS Bl Jy SR BT T IESAAE T FR A S Ay
BEMLA 155 (PRBS) X 42 £ 8 62T UK e il Rtk 5 SBS BUEIIFE M. W FE AL, SR AN [FME 5 BEAT ARz
R, P8 ) 0 R R AR 55 2 B0 TR i O O6 TE PR 1S 2R 1] B L 1% 2K H 5 01 B R A M A AE R
ZE5, MEMTSZMA RO ES H 22 SR PEAN SBS BRI, s b, 45t 7 iR I 45 - S B e B A 2 5L A s

RE 6 O A% £ B BT UK 23 B AL ) R G BLTHR BE 255

KRR JLLFHORSS, S BN AN, 2258, ARAL I

PACS: 42.55.f, 42.65.Es, 42.79.Hp

1 5 =

RS i ka G T SV E SN
WL RE P E RS BRI, 5]
BRI A LG PRI 3 e AT /D6 1 B Bl S 403k
HAREENAI) LA, 28
A BLPHHN (SBS) 2505 A2 8 B 52 A1 PR HE 42 1 2508,
72 PR 1) 5 Ty 26 7 20 B8 WOR UK 48 Th 2 48 T 1y 22
R T8 E g abgag 4 T 2 Rl SBS &M )
J5iE, W /NI R S S A P, 5] N B
354 DO B BUE AL (NA) 2 A v 8 24 %
F 131 5 A7 8 il i o PO e =18l Hor
FEASE R 1) (1) 5 v e ok Ji 9 b O 2 R PRI A L
R 5 W E SR ] SBS, HA Z #4E. SBS RIE #2
TR RS, Em D F A2 &L UK 15
Bz Wiz H, AR A0 E] SBS BB
RN, 20124F, Zeringue %5 19 7 57 7 A7 1 i 0

DOI: 10.7498 /aps.66.234203

i SBS IR F & IEIZE S A AEES
BEHLASAE 5 1 1) J5 22 55 5 ' 21K B % A A 1A il 41
R R Y, AL SRS PO T T 2K
KEFERERL ) X B2 E 5445 5 A SBS 12E4T
T AT, 2015 4F, Anderson 2% 5] 5FIE5%15 5 .
I 75 (5 5 D BE ALY A A5 5 AR L TR i R4 T 1 SR
7T, SRR TR AE BT T X 2R,
AN [R]AH A7 8 1) = Bont D6 15 1) f B8 B 77 S H X SBS
(R4 B T AR BEAT IR A L.

ASCAE G A THIME 5 IE 1 [F) B, 4 I )R
YR —A &, LA GE Y61 B AS 18R] B i
LEEAFMTE, 78 T BMES{ES (WNS)
Hil P BENL RIS 15 5 (PRBS) AHAL R #1 . IE5%15 540
R =R = Bos i g e sEae /. LA
SBS BB & T+ K1 A1E N T HIbR e, 2T =34
GBS A LR TTRE, RAF IO Y i
ORI - S e RN e N A R b 2 S PN [

* [E X HRBARE S (HHES: 61505260) FIRHLARE MR AT (HtHES: 2016 YFB0402200) 55 B ERE.

T BfE1E#E. E-mail: surongtao@126.com
T BfEE#E. E-mail: w_zt@Q163.com

© 2017 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

234203-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.234203
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 23 (2017) 234203

Stokes Yt 15 5 ICHIRLIA, 25 BT 1 =Fh i ]
BB Er i SBS AU (4] e

2 EipEAR
2.1 SBS=FiESIEER

H T S 56 v 8 HOR G EF i 8 4 D5 ik A Dl
2 R AR AR, SRAF I A AR SO S, R R
PRGOS R R BEAT i 4L, BIECE e ot 5
A HLIH Stokes S 34 LA L Atk . SRS UL T,
AT BMBGE Ve R R 70 AT AT A 2, BIANE 8 1 2
AR ) J= B PN ZSONE, BT I AE BL 5 SBIS RN Y S5
JCEF TR S AR FEA L, S5 & G L TR R HE R 7
e, 758 Stokes Yt Xt S ki 7 Bt T 48, 7T 15 2155

ONy Ny Tyl
Cale R SN — (0% +0%) Na](Po+ P,
Oz - +hCAC [Ua (Ua+0e) 2]( + B)
FpAp p P P
+hCAC[UaN_(Ua+Ue)N2]Pp’ (]‘)

K P RINE, D AESHET, EFRM Frp, s, B
R RIS 6 S T 6 M Stokes Y, 0., 00 735
TR 5 RS, N A RS R IR (RN
WOCLF A 73 AT), No AN ERERKL T8, Ac NP
B, h A MTCHE L, c bR, 7 NEE T L
RE I 5. R4 (1) 20, AT 64 B =
— RO IR EE R T B AR HU 7 AR,
PNTIEIES Siiibey) e i Ty ol
dP, 1 dP,

dz  vg, dt
= _apPp_Fp[UgN_(Ug‘f'ag)NZ]Ppa (2)

K o AT BFE REL, v, ATHIZ T HTHEE L.
R = R S 212l R T R B A v
FRB3AI 34, % 1815 5645 Stokes Yt A ARAL I
] 5 2 SR A U] fl) LA B i 7 I 258 DR 38 O A% i
ISZ, 15556 Stokes Y AT 37 () A — L IR
As, Ap 5 QRN T T RE:

0As 1 dA

0z wvge dt

s 1
= = S A+ S (03 +03) N2 — 03N A,

+ 175 (|A5|2 + 2 |AB|2) As + i/@lsABQv (3)
6AB 1 dAB

0z  vgs dt

Qg 1. ‘ )
= — ?AB + 5 [(U;‘FO';) N2 —O';N] AB

i (148 + 2[A°) Ap +ik18A4,Q", (4)

oQ oQ
9. TG,
1 . iK/Q *
_ [<b+1<ﬂB—m]Q+ ApAl + f,
2 Aeffiao
(5)

WP AN E S E— IR IE, Qg NFEBEIER, 2
NATHUIRRAA, va NAEE, G NEHER, Acg a0
NECARAERER, ks, ki M ro WG REL,
o JE T REL, s NIRRT fVEK
5142 SBS MR IR, £ W2 LA R R AR:

(f(z, ) f* (2, 1)) = Nob(z — 2)6 (t —t'), (6)
2kTopoNC

=

(f(z,1) =0, (8)

Ak NPURZEZ HEL, To NIRE, po WICLEE,
Acte NICE A B T

Ng

2.2 HMCEHIESRE

AL A8 A5 5 T A L B 7 A — 2 1
B, K e B A BN EDE P L, BT R
B, LR 6T A BE /1A LK 28 58
I, AN TR A2 i) A BLOK 3 2 15 AR B, {35
7] Stokes YR 35, $ & Gt SBS BI{H 427, 546
T RIS 5 N IE TS 5 AR (S S A B L —
UM P AIE S

1E 5Z A 5 2 o A S8 o A P AR A 1 A A
5, W Enio M vy 2050 AL 45 5 RO3RIR 5
B ISR A ) IE 52 A5 5 Al e SN

E\ = Enp cos (2mugt) (9)

K Envo = 161 Vyyo, 61 NIHEIIEEE, Vi o i il
PR vo ATRBIIAR. R BE dy 9 i
TREE 01 5 m aReAR, i RIS 0.2 GHz (5

AL FZ 5 5 A SR N P 1 B
IR P (55 A2 S0 v P A — e 7, FL

JE£  Th S8 e S8 IR AN e 3 A1 250,

(d(t)o(t')) = CO(t — 1), (10)
(o(t)) =0, (11)
b ORI, 0 < 6(1) < daa. LR, IEHIEIK v

NG 5 IR, & 2 B AR it B b b
FIAI0.1 GHz M A ] U5 — A i st .

234203-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol

. 66, No. 23 (2017) 234203

Normalized amplitude

10 15 25

Time/ps

Normalized amplitude

1.00

(b)

0.50

0.25

100 200 300 400

Frequency/MHz

1 ERMHEIE B (a) SR (b) S

Fig. 1. Sinusoidal signal in (a) time domain and (b) frequency domain.
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Fig. 2. White noise signal in (a) time domain and (b) frequency domain.
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Table 2. Performance comparison of different modulation methods.
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Abstract

Stimulated Brillouin scattering (SBS) currently limits the power scaling of narrow-linewidth amplifiers. To date,
several techniques have been employed to suppress SBS. Within these SBS suppressing techniques, the phase modulation
technique is a preferable approach to obtaining kilowatt-level narrow-linewidth laser sources. In this manuscript, we
numerically investigate the influence of phase modulation signals on linewidth and SBS threshold, and discuss how to
choose an appropriate modulation signal for suppressing SBS with less linewidth broadening. Three types of signals
are studied, including sinusoidal signal, white noise signal (WNS), and pseudo-random binary sequence signal (PRBS).
Signal parameters such as modulation frequency and modulation depth are also optimized. It is found that the linewidth
increases linearly with the modulation frequency, and the linewidth is largest for WNS modulation for the same mod-
ulation frequency. Specially, the linewidth is approximate to the modulation frequency for PRBS modulation. In the
case of sinusoidal modulation, the spectra exhibit a series of discrete sidebands at integer multiples of the modulation
frequency while the spectral power density is almost continuous for WNS modulation. In the case of PRBS modulation,
the spectra contain periodic features that are distributed as a function of modulation frequency and pattern length. The
SBS threshold grows to a maximum at ~ 100 MHz modulation frequency for the case of sinusoidal signal modulation,
which can be further increased by increasing the modulation depth. The SBS threshold can be further increased by im-
plementing the cascade sinusoidal signal modulation. When WNS modulation is employed, the SBS threshold increases
almost linearly with the modulation frequency and has an S-shaped increase with the modulation depth. For the PRBS
modulation, the pattern length has an optimal value for SBS suppressing: the SBS threshold increases almost linearly
below a frequency, but keeps stable above that frequency. The PRBSs with longer pattern lengths tend to suppress SBS
more effectively in higher modulation frequency regime than those with the shorter ones. In the commonly used 1-2 GHz
frequency regimes, the PRBS with a pattern length of 7 provides the best SBS mitigation, and the pattern length should
be longer when the frequency is higher than 2 GHz. It should also be noted that the SBS threshold is highest when the
modulation depth is close to the half-wave voltage (7). From the aspect of SBS suppression, the PRBS is superior to
other two modulation signals, which can achieve higher SBS threshold with less linewidth broadening. The investigation
can present a reference for the phase modulation signal designing in the power scaling of the narrow-linewidth fiber

amplifiers.

Keywords: fiber amplifier, stimulated Brillouin scattering, narrow linewidth, phase modulation
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