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2. Cross phase modulation
3. Self-phase modulation
4. Quarter Wavelength Shift
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1. Raman Distributed Feedback
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1. Amplified Spontaneous Emission
2. Transfer matrix method



A(nm)

o

IS0 5 S 00 o sl Sl (58, L5 13 LQWS DFB ol o 53 501

5l Gl Ol Jlake i tes (lss (2al3dl L 5 sl
W a8 S L s XPM g SPM Sl oo, a S ayl, i
Toodob et wiloo BT zoe s e jlake (nytic
I, XPM 5 SPM Lot ¢ &l 5l jeam o (oSl Sluss
295 D0h dy g CnSls g 2 (Satly Sl AL Ul o0

RUI] CRUOT R WA )

1117.7:

_n2:0
1117.735f ===only SPM
== only XPM _'_"____,_...---....-...
S With SPM & XPM g™
1117.734} ST
1117.733} e
S e
S e e
EEVALY) SE T e -
: ST e
&’ -
: Ra e
- o >’
wrsie i 0
'
&
1117.73 <
7295 1 2 3 4 5 6 7 8 9 10

09 e Ol o 55 (Slogi gaadsle Dl oY) S
I 3855 5 b 5 (=0 et S 38,515 50
SPM s XPM s .

Toe b ms Il )90 (al )0 i medss A1)l sl
s3=a> Ly b Jobo 50 (9 5 550 o0 E02x0) (oS gl
(\“) Vt&w ) ] OM‘SMJ))J XPM 9 SPM L5|a>,..c g_)‘).)‘
Oloy Salaie jlade aw g3l 4 S gl Zoe ol Jsb a5l
IR W és.wso oudling aS )s.louLo.ﬁ RO PR o) u,«.oé T
So g ansls SLSU Gl o Jeb b j3 Sl zoe
Po Gl 38l L 5 a8 glas )l 5 09 g0 0030 axb ol jo ald
Job Ly o T2 518 JUasl s a0 &Bly 50 b oo (2l
&_M.ffj&_éj C‘H‘ O o.,\i)‘L.q J}‘..\.: 3Ty ab 5 )M_‘)
odbajel Suad L sl id j0 sunay pl 0sd so abads

[A] ‘35'“’6'4 oo lin

14

10

2.5F

Intensity(Wlmz)
=
(%1 N
r T

-
.

0.5F

OB S b ed Job 5o Sl e Sad e (V) S5
Po=Y DNV W s zee e lade 4w (15l 4 XPM g SPM

A1y e Jsb 5o e CanSll o po Dl sl dmy dl> e o

b | ).3‘).3

1 e
F,==[e"" —=2e™] (@I -A)
r r,
rB —igAz igAz
F12 2*[6 —€ ] (=M
r
1 iqgAz —igAz
F,= ?[e —e ] z-M
A
1 —igAz r igAz
F,==[e" —2e"] -A)
r r,

oo Cunabao )0 p5 o lo b (695 35 50,0 T2 516 Jlas]

é}wdg 0)‘5 N/2

i 0
p(B){O _J )

Slasleo,be JLalo pl o g5 bl
A; (0)=r.A,(0) (ll-)+)
A (L)=r,A (L) («-V)

5 oz el 90 Gk o b g an o g1 ol o a8
o 5l e9rd b s Sleg zeadsb 9 (29,5 Ol il
Sl il Jlosl g o g Ap adgl polie oo gl
ol Jlosl g (o 90 9 9 mm gy S sl e aiselo
50 0,5 aulre b el o 1) Zlgel assls (loev o Jla]
S8 et sl o (o)) akaly 650 byl 4SS50
Job 55 5 o5 oz 5 Soly e 5l (25,5 Eae Ol L

Sblge Joud R ool anulos )5 (29,5 zoe

s @S (w2 =Y
@l 2 QWS-R-DFB (5,55 yud ;5] o 0,Slos allie (pl o
S o b L UHNAG g Los s S olasis
KEYVM? Saiscci> copo mEYIYXY T MAW s e

as=aip=+1-0m? zg Gr=) 00XV

MW Ll 0,0 <o o
Ll 48,518 gy 2 9550 (5,95 g0y LEY-CM b
[Y] a0 5l amilone jo ad) ISay gl ol b (go0e jlase
k_A—AJ)JA_} uoS}A_.*v‘ 9 u,.._.m) CHJ?‘J" s 00 u_)L?L».J‘
el ol 48,5 a3 5 VN um g Y/ #Fum
Ols= ez 5 Slogs moedsb Ol (V) US4 0
9§ SPM oz & ol 51 28, F jlas (o g0y el o i
oad oolo lzd 5l g0 ol (28,5 s s b 4 (Np=0) XPM
Lo lhas =0 cdls (o 0gd o0 oanlin a5 jgblen .ol
e Ol 5l s )5 (29,5 Tondsb 0l ) puiias
PP SO [ ] I WV L JUE g - N PR i E e



IWAY o) F ol 090 Jlw €60 1)l bliko 9 uiSID  idgfy — sole dlxo

\t4

3 adllaes g0 LSl )0 0138 oo )-'-'l‘ O e s Ee
iy o pd b Job el gae Ol 4 a2 g b allie
b e Sl 9o U'r‘l’ Ol 50 e syl s g (Sal
oot palls o cpl )5 (29,5 Ol 35, XPM 5 SPM
4 s sla el )l s Lo aS 05l po (i 9 ol

dbcawwss 6)i.’.° .]ai‘)...u

— nZ:O

===only SPM only
=== only XPM only
==== with SPM and XPM

POU[(W)

5
PoW)
QWS-DFB (lsl, (595 e 55 (29,5 0lgs Dlpass 1(B) S5
XPM SPM s ;e ol 3l (285 a0 g (ied (lg o

O 08,5 3,0 b 5 2=0)

& 5 At ¥

L QWS-R-DFB 1Lul, 6,55 o 53] 3,8hos allie ol o
STMM s, 5l eslinal b s XPM s SPM il (25,5 L s
Sl 8,518 sy 23,50 5 gl sy bl (VL Lyl
55,9, eddolml 318 Jlal as el Jdo 4 el S5 4y 03Y
b by 4ol )3 Syl gge Dab 5 b Jsb awg 0
5yShos 51, XPM 5 SPM s 1.2 ol il el ol b
45 W oo Glis (gilwand mls 28,8 oyl lgv sed 5
2 9 Eaedsb 95 de (e SIS RSl o b
ST eimren ol oo JUH! 2555 Glazse Jsb oo 4
2 e OlsS Gli8 e XPM 3 SPM > .8
2L 95 Olg PomOW (6lil 4 Jle jsboas 95 s
Sgdign plp O Loy (s I3l 385 1L

&l -0

[1] C. W. Freudiger, W. Yang, G. R. Holtom, N.
Peyghambarian, X. S. Xie, and K. Q. Kieu, “Stimulated
Raman scattering microscopy with a robust fibre laser
source” Nat. Photonics, vol. 8, pp. 153-159, 2014.

[2] P. S. Westhbrook, K. S. Abedin, J. W. Nicholson, T.
Kremp, and J. Porque, “Raman fiber distributed feedback
lasers” Opt. Lett., vol. 36, pp. 2895-2897, 2011.

[3] J. Shi, Sh. ul-Alam, and M. Ibsen, “Highly efficient
Raman distributed feedback fibre lasers,” Opt. Express,
vol. 20, no. 5, pp. 5082-5091, 2012.

4o g g 9 95 S Pl (Gies Eae Db (Jsb Ol
R PR WP K ul.w) (f) Jiw Be C».ll...l 9 ML’?LA

1.46821,

P=10W n,

e

_____ nb
x
3
=l
=
2

£ 1.468205
g
g
£
5
['4
N : . . . .
8 01 02 03 04 05 06 07 08 09 1

z=Z/L
LSS Jeb 10 e CanSld cu i Sl pis loges 1(F) S
Po=) W sl s XPM 4 SPM &l 28 5 L

Ol 8 Job bang )0 058 0 0alie a5 ok len
ol sl alimdo LB 5 s 51 ol s gy
9 SPM ol 51 (028, 5, ai 1o Ly aS 0,5 cuiin Ol o0
S8 et odle gy 9 550 S gl Slazge XPM
2ol ol sl 50y 3 Jsb 3 Gz B s b
03,51, 6355 ;3 1y o3l JSlas by oS (250 5k (s,
am3n oS 1) 55l (255 el 5 anslis 3 S

0,5 odalin (V) UKo jo 1, ol ass oS
QWS- (Ll 5555 yed j5md (795 Ol Slymets & S5 50
b s Sl 285 Sl s (e Gies )y e DFB
sadools Lt il 5 ol 28,5 s L 5 (N;20) XPM 5 SPM
Gl s g5y oS 1 XPM 5 SPM L3 .2 51 g8 o
bt g Wgd e QWS-DFB (Ll zd )5d (295 Ol
el iy SPM 3l & Caras XPM 31 53 Py o s Py
(st e SIS a8 8 Sl o LS wes oo i @l (o)
ot Blod (as e Dl &S o 4 Cod (295 Oy
735 5 sl 4 s3ue ke b e ot B Gl
SosB 5 o b Bl s eaeliamsay Sl ol o
ol o1 Jl3ges ol 50 500 azgs BB asSs cenl [A] gz yo 5o
oS Pout Gial8l o0 SPM s XPM il 55y ysam o 4
oyt s S 15 1o XPM 5l s o el Sloj 5l i8S
XPM 3 SPM o> 2 31 g0 a5 ol Jdo ol 45 oauy ()]
S B ol 08 e Sl s CunSiien o (55
95 Do el s (69150 50 9 il el o)l
Slls' Jsb o abati 2 50 JUuSw g0 50 1) 09500 )5
Plgo cpl 5l S pecd) zoe BNl ply WS oo S
53 oml JFhS (Sl liee 595 2 9 00d e as 2



v

IS0 5 S 00 o sl Sl (58, L5 13 LQWS DFB ol o 53 501

[71

(8]

[9]

Y. Hu and N. G. R. Broderick, “Improved design of a
DFB Raman fibre laser,” Opt. Commun., vol. 282, no. 16,
pp. 3356-3359, 2009.

J. Zheng, N. Song, Yu. Zhang, Yu. Shi, S. Tang, Li. Li, R.
Guo, and Xi. Chen, “An Equivalent-Asymmetric Coupling
Coefficient DFB Laser with High Output Efficiency and
Stable Single Longitudinal Mode Operation,” IEEE
Photon, vol. 6, no. 6, 2014.

J. Shi, Sh-ul. Alam, and M. Ibsen, “Highly efficient
Raman distributed feedback fibre lasers,” Opt. Express,
vol. 20, no. 5, pp. 5082-5091, 2012.

(4]

(5]

(6]

T. Kremp, K. S. Abedin, and P. S. Westbrook,
“Closed-form approximations to the threshold quantities
of distributed-feedback lasers with varying phase shifts
and positions,” IEEE J. Quant. Elect., vol. 49, no. 3, pp.
281-292, 2013.

M. Aliannezhadi, F.Shahshahani, and V. ahmadi,
“Analysis of Single Mode Operation and Fiber Length
Dependence of Threshold Pump Power of QWS-DFB-RF
Laser,” Electrical Engineering, vol. 44, no. 2, pp 35-42,
2014. (in Persian)

M. Aliannezhadi and F. Shahshahani, “Analysis of Raman
DFB fiber laser with Reflecting Facets at Threshold
Condition,” 1st Iranian Conference of Electromagnetic
Engineering, ICEME, Tehran, 2012. (in Persian)



Journal of Applied Electromagnetics
Vol. 2, No. 4, 2015 (Serial No. 5)

Analysis of Raman QWS-DFB Fiber Laser Considering Nonlinear SPM and
XPM Effects
M. Aliannezhadi®, F. Shahshahani, V. Ahmadi

Department of Physics, Semnan University Semnan
(Received: 26/02/2015, Accepted: 28/02/2016)

Abstract

In this paper, a a/2-phase shifted distributed feedback Raman fiber (DFB-RF) laser above threshold condition is
analyzed theoretically. The cross phase modulation (XPM) and self phase modulation (SPM) nonlinear effects are
considered in the presented model. Numerical results show that the XPM and SPM increase the output power of DFB-
Raman fiber laser. Variation of wavelength of structure for different values of pump power has been evaluated in the
presence and absence of nonlinear effects. It is found that in the absence of nonlinear effects wavelength of laser is
constant. However, in the presence of nonlinear effects a red shift about 5x10-2nm with increasing pump power is
observed. Simulation is performed by using transfer matrix method to solve three coupled nonlinear wave equations
which describe the propagation of pump, forward and backward Stokes waves. The transfer matrix used for DFB
Raman fiber laser, is introduced for the first time in this paper.

Keywords: Distributed Feedback Laser, Raman Fiber Laser, Self-Phase Modulation, Cross Phase Modulation
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