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Optical Fiber Dispersion Measurement by Using Mode Locked
Femtosecond Fiber Laser at Soliton Regime

Mahdi Mozdoor Dashtabi, Seyed Mojtaba Hashemi Peykar and Reza Massudi
Laser and Plasma Research Institute, Shahid Beheshti University, Tehran, Iran

Abstract- Kelly sidebands, is the characteristic of mode locked soliton lasers that their position is dependent on the net cavity
dispersion. In this paper, by placing a short piece of the test fiber in a femtosecond fiber laser cavity with net anomalus
dispersion and measuring the kelly sidebands shift, the fiber dispersion is obtained. Dispersion measurement has done in
fibers with normal dispersion as well as in anomalus dispersion. Results are in very good agreement with the parameters
attained from the fiber manufacturers.

Keywords: Kelly Sidebands, Fiber Dispersion, Soliton Laser, Femtosecond Laser, Fiber Laser

! Kelly Sidebands

Y'Yy


http://www.opsi.ir/article-1-173-fa.html

[ Downloaded from www.opsi.ir on 2025-11-16 ]

9 0395 S MlS Lagloszr (nl 0929 (nl b 288
@ g ol i, 5w lagl o oliT slad Ll solows
boaslgiad j5d 655 B @ w53 g, onl ogdle
ibos pASeS ld izmes 9 phSS e Job

Gt pled SIS S 5l pFose bolie cpl o
GrSoslul g Jsereyd allB (Faiily b aglisiad
oo,S adlal 5l Kelly o,LS slaail ad o>
Glo b 09 )5 ey (Sarsl (SIS (59,0 (g3l b

7 plodaz -V
odel VS 5o Lai 090 ‘Sa;li.;‘p"uﬂ Oleds Sileus
ol 5l A S5 (6 b pled (g5l STolS sl
@3 i) Se L aS a3l (o gy (YT L oje
Dly oo O aiin Glo5 9 gl AVF zoe Jsb L
o il s AA/100: WDM LLeS Sy oS 4
@ b g e Yenl S 0sd oo oy dge
W8S Gl ek oS 7S 90 Gl jo o5 Aukad
S 0aS gde Ja8 lgie a4 aSl p oegdle el
0lS dyge S EE wZewl 438, LIS a4 NLPR 4

DVOVE] o )ls sage p 3 |, STyls

0 45 bl e AXF sgu 5 SIS S b
Sga ;0 )15 25,0 il &5 pdioe g Al
S8 5 ,alKe YY

b 1 ol ol 0y5e b Saiily g pSeslail sl
35Y9nl 9 (ZaF eSSl s ST g0 N S8
o Sl oad Ol gyl 5l e (nl e o 13
o ailiwl s amlb cpl o asd, IS 4 sla,ud &9
a s ol gz Ayl ol s ¢ a5l o SMF-28
azs jo a5 wbl e oleiel 050 Hlawy jud disS oyl
3 ez a0 ol ollss Hud aeS @
aS > ol 5ledle 4 098 (oo oo calisee slaiole;]
S Sl om g bl onl e Wb 5 A
b ool jo (Blol jd (08 WLl wblios (29>
o Ja8 syl anl b Lalyd g9, p 1y 556 e yeS

Syl

YYA

et g oSl AVAY oo Ve LA

doddo —)

639 Syt solS byl 5l (So (S, Sk
oo obsS 398 s sloyid aiey 50 ohg @
Gl bl cnl @rSoslal jolae a6 )lems sla s,
dala).' RESUIW- ) ‘s..ul.:.n 9 Lu‘).o 6‘)10 ‘AL.\S R as w‘ o
aws 90 @ olgioe Iy blsy cnl s, 5 4y wwld
le.:au,'l)j) ‘odﬁ}/]u gSL"”)-:-.:é 5o éML 6)15°}“'\5‘
sl alralr IV oy oley gy wile s
ool b s [A-0] v 5105 sl i, b g [F4Y]
olisS sl b yo g pSoslal sl Slsn ley s, b=
‘LQ’)-:-.:-"’ Q-’..‘ 5o )L*-m-’ ol J::JO Ao 0 6L‘2’)-¢-:3 L 9
558 plralr laghy) Koo e bl ged cunlie
ozl GRpis Wl 5 i JSI

wb » o @by, b sl (b, noedle
Toe Jlkz bolse 4l by, aiile ((as e glaonysy
b, cuie o ytee VY- wloas Ly (FWM)
2 Sail gpSelal o lapl Ul (lasd
3 Sl (e do iz B iz ) ailee Jobo b slayud
) 0SSl sl sk & (o e slagsy; &7 J
(aghsS™ osgazme ;0) iy jleww b g (e oogus
(bt e e lagts, Jo ol bleads Sguce
alyps wile pd gl 5l &8s BT 4 s

3,08 ey 3l sloyel )l 5 g e s

Sl @Sl (g, golass daby, cnl LS o
by by C oSl el 0ad Ly 5 (SIS g0
e JiB i S 3 TepS 3B (5pSeilul
Sl pSolul sl pliw pssli iy S
lacs 5 o3lasl (Jl> el b elVF] sls asl)l STols” 5,0
G oSt Gy abn e sl ol sl
ool %00 Lawgs 6y sl STolS o b oS o3l

2 Knox
% Group Delay
* Passive Mode Locking


http://www.opsi.ir/article-1-173-fa.html

[ Downloaded from www.opsi.ir on 2025-11-16 ]

IRl SEged (5,9l8 g (cwaige il a5 (e ol jo 4 Gl ol 5398 5 SLnl il asST et

Test Fiber

O

980 nm O ROl
o

Laser Diode

- O

SMF-28 Fiber
Negative Dispersion
\
980/1550 [ | HI-1060
WDM | FLEX Fiber

Er Doped Fiber
Positive Dispersion

o

/
Oscilloscope
[ ) Output

\_ / Coupler

|

b (Soiil 655 ojlil jelaie 4y a8, S a5 oy Gleanr (VS

€ Job Loopd (Sadl el Dol e a8
o odb Sl sl Ty L8 Ese sk Ao g S

sl

e Neg )L il ape 4y s (N\N)Z Soged ey b
S5 o3l b aS Wl o s 4y s Ly 85 (6 logal
YU abal, 51 am da ools (g5, 2 oodd 3lp las o

el SllS ST Sawsly sl

S Sanl anlie G5 ol b oasas jo oS
O 053] yd 0205 WLl Gl ey 5 ey ST
Cawd 4 l0g05 5 (Gliges 8,9l Caws as 1y S sl
odal ¥ Sy ¥ S b logei b bl ol

sl VOVD (35,0 zae Jsb loged ol o e

!

2000
1500 y =204.7x - 4.2331

> R? = 0.9991 o®
1000 &

[
()
500 °
@
'0 ©
-4 8 0 2 4 6 8
P -500

-1000

2
NS 5 4550 &3 S (DA Sy Jloged ¥ IS5
b 4y SGop jley Hloges ed o onu R? il sl azili>

LA ol A2
AN =2, |— —0.0787
N cDL

(ct)®

b gialesl opl o o cans & (Sawsl & oo o

Yya

s s =Y

oo VS jo 5 Sl (2 bl 6l g
6ok laas po el (i JSB )0 aziliz 098 o
Looyle vezg b ol o Kelly o,LS slasil
Slom s o ulh (ol (2o Jsb plrals anlis
09,5 Lae s (Sl (i oo S 3550 b ol 13

Syl caws

1515.00 1575 .000nn 12.00mm /D 1635 .00
Sl oas aisle 5] 5l ol Cawo @ cils 51 gl diges Y JSCs
w2355 00 y3d 9,5,5 saims ylas wads ol o Kelly LS

Sl (oo (Sdg

ol adye 0 (rge Job alolh &5 i cnl &
@SM)ST@@»oQQMJli&}SJAC%J#@ S
Gl Slols pg0 adye Saudl ol oo ) adal, S5

[\?] 0)5] Cawd


http://www.opsi.ir/article-1-173-fa.html

[ Downloaded from www.opsi.ir on 2025-11-16 ]

G. K. Wong et al., Characterization of chromatic [\-]
dispersion in photonic crystal fibers using scalar
modulation instability, Opt. Express 13, 8662-8670
(2005).

B. Auguie, A. Mussot, A. Boucon, E. Lantz and T. [\\]
Sylvestre., Ultralow chromatic dispersion measurement of
optical fibers with a tunable fiber laser, IEEE. Photon.
Technol. Lett., 17, 1825-1827 (2006).

J.M. Chavez Boggio and H.L. Fragnito, Simple four-wave- [\Y]
mixing-based method for measuring the ratio between the
third- and fourth-order dispersion in optical fibers, J. Opt.
Soc. Am. B 24, 2046-2054 (2007).

W H. Knox, In situ measurement of complete intracavity [\Y]
dispersion in anoperating Ti:sapphire femtosecond laser,
OPTICS LETTERS / Vol. 17, No. 7 / April 1, 1992

b s ol i) 5l Ly sopns 54 o plids 050 1Y)
P90 Ep 5 aslistad )ee gt ol fob b pan)) 90
Ol 5958 ezl il JiS oYY il

Sl (§0g3mn L (6 pudsy (Syine diloms (LB j9050 sge  [10]
b 4o o (sto JaF Siolad pgu) 4 oue Y] 4ilisiod 5,0d i
ol S Gmesdie il 190 LT 2y 5 stepli 100+
Ol Sgig 9 S

Michael L. Dennis and Irl N. Duling 111, Experimental [15]

Study of Sideband Generation in Femtosecond Fiber

Lasers, IEEE JOURNAL OF QUANTUM
ELECTRONICS, VOL. 30, NO. 6, JUNE 1994

Yf.

et g oSl AVAY oo Ve LA

Sl ool aglie axle o 0 ca &l Sauil
sl el akin odel Cwws @ sl axils
S9zy Sl slagtsy oo b byl O 295

o5l

S b gy onl 5l odel Cows 4y (Saxil el aolie 1) Jgax

‘é‘?‘)“’ )ilo JERE% 43‘)‘

2 &9 e ol &=l Ko

SMF-28 17.073 <18

1060XP 8.502 ~8.6
Er110-4/125 -7.820 ~-8

G S —F
plai H5d o Kelly sloail sloal> (5565l b
Lol 51y g Gl pomtyl OBV b ilisgied (5
b 0gS Cepe (Sl Gl o5 0 oS
bosleyd 65y 2 srSoslul cusl ol (55505l
ol a8 bl aie g i Dglae sla Sl

5 ol s b 38lse «bs, ol 5l ol Cows 4 b
S0l g S5z g0 slatg, ;o

&=l

L. G. Cohen, Comparison of single mode fiber dispersion [1]
measurement techniques, J. Lightwave Technol. 5, 958-
966 (1985).

L. G. Cohen and C. Lin: IEEE J. Quantum Electron. 14  [v]
(1987) 855.

BRUNO COSTA, DANIELE MAZZONI, MARIO  [v]
PULEO, AND EMILIO VEZZONI, Phase Shift Technique
for the Measurement of Chromatic Dispersion in Optical
Fibers Using LED’s, IEEE TRANSACTIONS ON
MICROWAVE THEORY AND TECHNIQUES, VOL.
MTT-30, NO. 10, OCTOBER 1982.

B. Costa, D. Mazzoni, M. Puleo and E. Vezzoni: IEEE J. [¥]
Quantum Electron. 18 (1982) 1509.

J. Stone and L. G. Cohen: Electron. Lett. 18 (1982) 716. [a]
S. Diddams and J. C. Diels, Dispersion measurements with ~ [$]
white-light interferometry, J. Opt. Soc. Am. B 13, 1120-

1128 (1995).

M. Tateda, N. Shibata and S. Seikai, Interferometric  [V]
method for chromatic dispersion measurement in a
single-mode optical fibers, IEEE J. Quantum Electron.
17, 404-407 (1981).

M.J. Saunders and W.B. Gardner, Interferometric  [A]
determination of dispersion variations in single-mode
fibers, J. Lightwave Technol. 5, 1701-1705 (1987).

L. F. Mollenaver, P. V. Mamyshev and M. J.  [4]
Neubelt, Method for facile and accurate measurement
of optical fiber dispersion maps, Opt. Lett. 21, 1724-
1726 (1996).



http://www.opsi.ir/article-1-173-fa.html
http://www.tcpdf.org

