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Impact of Fourth-Order Dispersion Coefficient on Gain Spectrum and
Saturation Behavior of One-Pump Fiber Optical Parametric Amplifiers

Hassan Pakarzadeh, Masoumeh Bagheri and Seyed Mostafa Rezaei
Department of Physics, Shiraz University of Technology, Shiraz, Iran

Abstract- In this paper, the gain spectrum and the saturation behavior of fiber optical parametric amplifiers (FOPAs) are
investigated by taking into account the fourth-order dispersion coefficient 3, . Simulation results obtained by solving coupled

amplitude equations including the fiber loss. show that it is necessary to consider £, in the equations when difference

between the signal and pump wavelengths is large. Also, with increasing the value of S, , the gain is increased and the

saturation power is decreased. Furthermore, it is shown that when the pump wavelength approaches to the zero-dispersion
wavelength of the fiber, the bandwidth of the FOPA becomes much wider.

Keywords: Parametric amplification, gain spectrum, saturation regime, fourth-order dispersion coefficient

MY


http://opsi.ir/article-1-334-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

085 B o b eledl Al o ey SO sl
S Sl Y

sebhte 4 8 6 Gl easS Cugls SO0
Gk 3l Al g G Sl b B (Sodee
00,85 18, ny aYolee

20, = o5 + o QD)

AB = B(ay)+ B(w)-28(w,) ™
ol Sl csp 4 0 5 Oy @) Gl oS
as w‘ )L....u.:l WL ﬁ9 o}”"(SQ od..uol: Toe )L))J (5'4>
Sl puilS 3 o> okt by S a|) (T pleise

Wbyl ) Dygo & Wy o

P(0)=fy +(0-0) i+ (0=, B,

1 1 )
+a(a)—a)0)3ﬂ3 +a(a’_a’o)4ﬁ4

Ay Sably o oSS a4 BasPy P &S
Se il et e G5 sk A wes bz U
K55 i 0 pew cadpe b Soxsl il FOPA
blodl by obisS Jle Gl sl Ll 09 o0
3 5V e 5 sl Y B gy ilS 8 i
Oless (V) 5 (V) o¥olas 28,5 Jlai o L 00,5 Ll
{A] o9 ol 25 ©y90 421, AB
Aﬂ=—{ﬂ3<wp—wo)ﬂ{(wp—%)%%mp-ws)ﬂ}

2
™

5 5 gledl aml o oy SGFOPA b (Sl SYoles
dd gloads Cax SV¥oles ingy zae 6,5 I

8] sgd o 5 5 & j90 4 45

oA, . 2 2 2
a—zpzlyUAp| +2|Ag|” +2|A; | jAp
®

+2i yASAiA;exp(i ABZ) —%aAp

MY

et g oSl AVAY oo Ve LA

doddo —)

(FOPA) (5,95 1 (s 7l slaoussS’ cusis )15 ol
stk » o5 col FWMD) gonlez oS5 oy
JUl a5 50 5 08 (o0 Joo 592 Jlox O (oo 5B
2 S o Dyge end Sl o @ gy 5l 655
B 09 4 ey gee olren a4 JUSws zge FOPA
ol Cogih JUSew oo LU (79,5 0 5 0ad Zula
0T i S E W sailse o g camy olpen
5 23k 68 B ol 4 ey ST osbioe Sl
otz BB o wsd ooyl B Gl byl
Sl ol &S FOPA sla 559 5 (oS5 sl oo s
Ol S e plae EDFAT wiile bronsS cusis
s>l 4ok el olgs (53550 zae Job Bl
shls b a5 alssds zoe Job po 50 Wl oo o
Jsb ol & Suo5 @DWY) jio Sl b gy Jsb
So Sln Ol SRyl 5l 09h S peie a2l oe
Wl 352 55 SlaoaisS ol a5 (>gys o
o 0500

30 Jlgen L 9 YU (go,40 il JJo 4 e FOPA
cad o [Vatwe cocal Sl (g sl sl SO
7B @bo )5 cle 4y bl o>l s FOPA .2
4>y 390 obsS Sl g 5 silusl pg Bi>
5 &b slus o590 else alessl [0-Y] wlazs s )3
el o sl e o] 2l 5 b Sacsl, FOPA o
Ll fly (Sadly po g4 0 b S lagilo 4
Sl Vb olhe (3game SVlEL ;5 oS g 99 b0
O 9 SzsS JiSews sal Sl By ez a5 U
axg5 b LY gP] ol oty cyp b O] 28,5 Jlas o
oo, bl glil ga sl ;0 FOPA 5, IS conl 4
@ @lied cage (Sl YL Gile 5 6 S
B35 0 (278 @l 4 S5 g 530 el o
4o (Sarbl Bl gy a5k sl 6l Wi onl o
SlrodisS Cugli o 5 gLl Ol » (Fa) Lz

! Fiber Optical Parametric Amplifier
2 Four-Wave Mixing

3Idler

* Erbium Doped Fiber Amplifier

® Zero-Dispersion Wavelength


http://opsi.ir/article-1-334-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

GRS B b A iR e Jsb oo
olis 1, Ap =156420m sy F sasye Saxal
Ay BLEL e Pls s e
15 b ged B 5> (15400M < Ag <1580nm)
Wgd oo Bebaie op p (oo 93 2 9 0)lW AB (e
T3 Jsb By (5 daly 4 W a8 cnl Lo s 00l
SylNEe @p —0g LS 90 oo 5l ok JuSew 5 sy
PBy Do Sz Jdoa Bkl cl S
abgiye abaly o By 4 bgiye salex B3 L avslie
&3y >l 5l b e b Ll gl e S sS lws
Abse GlBl By 550 5 iy g 9o DL
Job Sl By o5 CiS Glgige ST ok @ (m
A 50 4 63l el TANM dgu> oy 9 JUSo 250
e ssbolen adloed (Suily Vb ile 285
S Sl bogee b o cwlan (V) S0
w4 Ly Saisl ol (ZDW=1563.20m)

16 —p,=23"105 pstikm
oo o
14 Slee 00 e a0, . --‘\’»4258‘10'5p541km
e
e S o p,=1"1073 psikm
5 -,
_ e, a, - 4
& 10 - e a, “o,=2*10°3 ps/km
2 .
c s
-g 8
6
4
ol
1 .
%0 5 15 20 2

5 10
signal power [dBm]
B3 =0.038ps3 /km ol

Ol ) a5 wes o lus |, FOPA  glil pove ¥ S
Gl polie 6l 995y JuKem Ol oz 0se
el 00 s, 3 =0.038ps3 kM culi Jlaike o s
ol Gy Oly SOl wad oo 0ays S jghailes
o «899y5 JiKem Oly Gl L Py =3W
2y Geb a5y ek Wb (oo el b5 sk
odel gLl lgs a5 Py ol JiSs Gy S
ol bl so als 3B sojlail a4 0 0 09 o0
olol 055 (J935 ys s 000 (6395 JUSmw ()15 yiden
Mz adpe (Sadl oy 53t Sle VUSS aes e
By az o siloe FOPA glosl plgs 5 glodl L3,

ol 1S Ll g g i 0 (lime il 55

AD

et g oSl AVAY oo Ve LA

_aaAi :i;/(|Ai |2+2|AS|2+2|Ap|2in
Z
 w . 1 *)
+i ;/ASApexp(—lAﬂz)—EaAi
_a§s =iy[|As|2+2|Ai |2+2|Ap|2jAs
Z
)

+i y Ay ASexp(-i Apz )—%aAS
JES gaals Ay ey saals Ap wVolae ol jo

b b e el ¥ bl e JoT gassls A
L dB cw » FOPA G (gyl)l (g0 il oo

; A Pow)
L)‘ )») 45 Q}wsn e G =10|Og P (_gcﬂaab
s(0)

9 o 0 JWSw oly w4 B(0)5 RP(L)
Dbl oo, (69959

b )0 Com g gilwand Y
Yolre (go0e J> o (F) sdlolre 285 lai o L

59 G)ZA|)[$ S0 e Q\y“so V) B @) goods ca>
oS Col S8 4 Y 05 gileans ) gledl gasl

il 00 o8l [V e J ez o 5l 55 90 ,b (sl el
A =1563/2nm  » =13/5W tkm!

a =058/ mipanb500 7, =1564.2

Soyar Ay o Saisl Logge Job Jme o
el By =2.3x107° ps? /km 4 B3 =0.038ps® /km

0 T
0.0 \
-0.04

[<=%

S-006
008"

o 1,=2.3*10°5 ps*ik
01 a;=1663.20m | P P fkm
=
"

01 , . . ! . " "
1350 100 1510 1520 1530 1540 1550 1560 1570 1560 1590 1600
Signal Wavelength [nm]

T30 Jsb o 2 FOPA oo sy as (Sl jo2 pae o) IS
o9 9 Gl slai b (oie) g (28,5 Sl o b 59959 JUSe
(bl sxe) By

FOPA zgo,lo, shs Sadb s pas gmin (V) S50


http://opsi.ir/article-1-334-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

S S ams ¥
Sroas Coueiy gl LS, g 0 g0 i dlie cpl o
Sl cupe 5185 a0 b g8 b gyl
ol lis lagilwands 0l cwyp By Yz G4
Ol 4 Olgise o il poodle By GlB L &S
30 FOPA 5,5 gl a5 ol caws 6,5 05mb gl
89 ogde 4y 05l Coadl Jgi Biog JLSw S3lo
sl (Sasl gdolae o By 0,5 bl (F-NM
S L goe Jsb @ c gae Job iz ye .l
S Ol g Wb Ly 4 adl 55005 e

<l

&l
[1] M. E. Marhic, Fiber Optical Parametric Amplifiers,
Oscillators and Related Devices, Cambridge University
Press, 2007.

[2] C. Peucheret, M. Lorenzen, J. Seoane, D.
Noordegraaf, C. V. Nielsen, L.G. Nielsen, and K.
Rottwitt, Amplitude regeneration of RZ-DPSK signals in
single pump fiber optic parametric amplifiers, IEEE
Photonics Technology Letters 21, 2009.

[3] H. Pakarzadeh, A. Zakery, Modelling of noise
suppression in gain-saturated fiber optical parametric
amplifiers, Optics Communications 309, 2013.

[4] Z. Lali-Dastjerdi, K. Rottwitt, M. Galili and C.
Peucheret, Asymytric gain-saturated spectrum in fiber
optical parametric amplifiers, Opt. Express 20, 2012.

[5] A. Vedadi, A. M. Ariaeri, M. M. Jadidi and J. A.
Salehi, Theoretical study of high repetition rate short
pulse generation with fiber optical parametric
amplification, J. Lightwave Technol., 30, 2012.

[6] T. Torounidis and P. Andrekson, Broadband single-
pumped fiber-optic parametric amplifier, 1EEE
Photonics Technology Letters 19, 2007.

[7] C. Floridia, M.L. Sundheimer, L. de S. Menezes,
AS.L. Gomes, Optimization of spectrally flat and
broadband single-pump  fiber optic parametric
amplifiers, Optics Communications 223, 2003.

[8] M. Karlsson, Four-wave mixing in fibers with
randomly varying zero-dispersion wavelength, J. Opt.
Soc. Am. B 15, 1998.

[9] H. Pakarzadeh, A. Zakery, One-pump fiber optical
parametric amplifiers: experiments and simulations,
Proceeding of 4" Iranian Conference on Photonics
Engineering ICPE 2012, 2012.

[10] J. M. C. Boggio, S. Moro, E. Myslivets, J. R.
Windmiller, N. Alic, and S. Radic ,155-nm continuous-
wave two-pump parametric amplification, IEEE
Photonics Technology Letters 21, 2009.

M

et g oSl AVAY oo Ve LA

aw&&‘o (SOges L9Ja>' d—i)b )'| ).o‘ Q.ild.f

Gain [dB]

5 — B0
o B,=2.3"105 ps‘im

-%U -60 -40 -20 0 20 40 60 80
}‘s— Lp [nm]

FOPA SOy uL.Ja)J)LP d.,.:).c ;Mb w).o).ul.l YIJ&M
. PS =12dBm $99,9 JL&M ul9‘ ‘_g‘).g 8L"“"‘ 6‘\"'-"[-‘ 5o

Elaseis b cony 5 FOPA (gl £ldl 50,0 5lo5d
o] 00 oe)ﬂ (") Js o Pp =3W slyp oa S8
Ol eaisS oo gldl Hlis) 5 (V) JSS 4 azgi L
ol odd 43S L s Py =12dBm  JiKew
Slredg 4 o g et (1) J5b )0 &5 jsbplen
» 6 By spa oged Sl bl s (V) U5
5SS e PP el o bl elidl g0 e Gl
i | eLtl oy Ba il b gladllis 4o
IS o

» b elesl a>b )5 FOPA (g0 il (F) St
ERRIETIVE P ST e
olas 1, A9 =15863.2nm L ey il slazge
b FOPA o awg &b sl mdls gl ams oo
e o (Sl bozse Jsb @ g gee Job
GRIFI L &S Sl et (293 4 () JSB 50 il
az 51 s e o5 Wb slag Ao 5l T oab 490 54
sl Sy L 5 1 590 Al 0 iy (50,42 olwo

25

Ta 2,=1864nm
—?Lp=1564 2nm
) ?Lp:1565nm
--=2_=1566nm
S P
|2 =1567nm
G

~
(=1
T

=
T

Gain [dB]
3

r AP s WO

1480 1500 1520 1540 1560 1580 1800 1620 1640 1660
Signal Wavelength [nm]

OR8,5 Shi e b eldl gab o FOPA & oy il :F S
by il glogge Jsb Gl & F gade (Sadl
A9 =1563.2nm



http://opsi.ir/article-1-334-fa.html
http://www.tcpdf.org

