(A=) Hankook Kwanghak Hoeji, Volume 12, Number 6, December 2001

=3E
]

Sl k=

x0jMe] BZ dalE| orEy

&=0[" - OJdM
oy &8sy} ¢ s|xetdtAa
314-701 F FFA] ATE 1829
HEE
=71 dTA A EYATE
641-120 7'd LA HFF 28-1
#715
S gk ke sk}
565-701 A5 &A] RS 42 490

Hre.
(= =

(o01'd 79 25¢

2 WY B E
o
)‘\l_

—

& E F70°l
15t A

te 8

[SU

3]
A3t FZol|4 2] erbium doped

i3

EH/FIZ : 0C.010, 0S.010.

LA

i

Agsle) 2o wel BArE s diiFol JZo] AR FojES]
AFe 2P HEs dvrEd gele g, 71 AgE R
gl Pl MPER] o dAF Srot BYE F
Asks e EelEgEty divh ol &elEnrt vheeld
F e olve T ¥AadE vHganst st 79
& o|F7] wWEorh! 19733 W ApA4e] 3hH7IRKA.
Hasegawa)ell 9j3lod FA§ ZollA] F&elEo] FAE + 9
So] oA =HRZ, 19803 EHA(L. F. Mollenauerys-2 4
A2 BT FoA &g WEsT N 1 5 BEeE
AlaEe U8 graa] 83 ZA] Heolxel gyst
A B9 ol wiwol #EAl AEe] FFEQ) sE o
2 FEWA FHAL AT e dAtse] 9 BEe] 34
& o838 FFA A" A HAEA] "o o= i
of ARAY Loyt Lol & A|3ho] ulz =) B, B4
5 o83 5L AT tEF dEol Ao 2
AoZ claf oA to]l & Ao 1y, FelEelT}
A= FAHE Mgl energy lossE T = gloenzm
AZo] Foj=e A s AT = Qo). oA S B
F71 8 7139 SEo] HasNA "o HedE &HE
(average soliton) 2~ guiding center &€]E2] MHE& F7]
Hog FILIE AaddM e &' B4 7igs] sl

[
BAAHe

YE-mail: shim@kongju.ac kr

507

20019 109 99 FAHE wrey

FxoMe] Hy &2]E A oFHAE W|AY Schroedinger WAl 71&8 FAjsMEE o83}
F SE F7)9] vjE3 FxA2] erbium doped B2 Aol B]&-E WA ALtsly 1 A3
A Zol vl-go] 2 S FF F7I7t &8 F71o) ulg) Bol
of sl 7|29 W £EE A 7o) e & 4 Uk

Hasegawa®} Kodamasol =QPSETH 2% F717} &8l
F7lol wle) S-S AE ARG Alxdo] FHEHW, Het
ko] Pk B1AE Y Hx #3838 o)Ro B &=
o] @A k= Zlolth. FHole vIAdE $F FX Alxg
(NALM: Nonlinear Amplifying Loop Mirror System)S A}
235t #Foz zreEEl erbium doped fiber laseroll A2
EElE HAe] RIHAXY KellyFol Ha £YE
dynamicsE ARE-3l9] high gain fiber laserolle] £]& A
g 43Pl 2y, 25 Fr 4 HEOE o
active erbium doped part?h-& 323} long passive fiber
parti= ZEIEHA] RUTEIY B E=RolM =GR FZ QoA
active erbium doped part®} passive undoped part ZFE ¥
ks sk NALME sl 5714 S5 & 29l
FAEHE B ey Aot S Ak A3 AAE)
a1z} stk £2]E Frol dist 5F 7)) ules A F
T % erbium-doped fibere] 7ol H]&-E ®WFA|I7IH 8]
A% Schroedinger #7848 Fo} F2)2 o0& A}
II. O] =

FENM AR Hgg 98 ol8HE e BHE oy
el W ¥l glon FHF Folre] Fue] £
gl weby gl ng H2vt B &8 Huishe) met
Zo] YoR|al RFo] FolA| = EAta#y vepdt. o) d
AR i) 48 g2 Y 2rEE A3 oet



508 s-=3EEA] A 129 A 6&, 20019 129

I BYo] gZET HA Zo] yolx|A "t o E S 1
ZF 15 vjzEe] FEAS oF 10 yIRe XA Zo7 QY
ANAE 74 302=2vH IP0e o A Zo] ¢f 1509 =
22 F713IY. ol B4 Fo HolFe "X Alole] 53
g THEol AT E YFAA A FRE G ¢ A
X8 gA7ke] 7HAS HS|A] RoW Qtev, B2 7HAS
W HEeT 4 e FEY & avE FoEA "o
Al AMEEH I Qe BEA M e ¢ 40 2Eug F
AZIE dAsld A8 FEAE dao] A7]8) 2o &
ZA o= AT HEE 7FssA slal U el B
G Z717) A AR Fe FEEES o8-8 ¢F 6,000
Z22rEle] AgE FAZIR] 4T 4 AX, AR 9
g B2 Zo] Golx glouw IA7HAS E9M, ILEE
e AR L2 /A F ok A 259 BHE
ARERE o] A9 A H4-83o] oF 1.6 7|7HECY, 3
EEES AMEEIE AEEEE Fd 100 771 vle|Enpr] F
7HE g e ReE A Aot e, LejEde &
xE FAAE FEAlE energy lossE ¥ 4 glorg
NEo| ZFH Zo|BA Htt ojAL B F7] 9l F7)
Al FFo] Y= o= Az FFFHoz &7
£9] o] 7FsEo] FHENE o] EYEL Ho &ElE9
g s Aojul el et gAY ELE o|8Ete JFuE F
2 AollM F7H o= FEAZo TN Ht &EES WA
A7) Ao 7Fsdtthe Aol FHol] SEHAGT B Hoj
AME YdHbAQl NALM oA 9] B &eled A9 sl &
o, FdRolre] FEAe AL O3 7L FEHskE ]
A% Schroedinger WA 4l o3 7]&=F).
g—g+%§2—£+IEI2E=iFE—iF’E (1
AN Eve wASE AN JIEF z9 T= 42 [ A
29} JA|7ko) vldEhs HaegA] FIRA (3,504 Fe
& vlo} o] Z=& dA, T=e(—hv)l-M)PZE FolX T
7)ol & 2AY HE, v o k"2 ZH2 FAe] AY w
o &5 9 9] Bk #gstt}t. = HA4E fiber gain,
'S fiber lossE YERN®S NALM Al&®"o)Ad M2 1o
Hla] 383 goroz FEAg, 33 4 g3t fut a3
5 gaind A)93 o2 @dkes Aol TFATIA] gon 2}
71§14 Wy 38t 4 dduiRe IeEA gtk
Fiber gain® {It 4%, & I'=0d o, & ()Y £8E 3
9] shes thea o] FoZIths Aol & gAYk

E(Z,T) = 2 nsech(2nT)e "2 )

G714 2 £2E IEH 2AR9 inverse widthE w3

o} =HeF power HB7F F71H0lH 2] (1)) 0EF YL E

=AQUZ 8224 g ¥ UZ, A ()& th] 29,
iU 15U

az 28—72+A2(Z)|U|2U=0 3)

o] Fm ofr)ojr wAY AlF AAZel 713 Hi) £33

(n+1)Z,

|

7
aL
=

I¥ 1. f=0.1 03, 05, 07, 1.0Y ®e] AYZ)¢] wig, =
A o]% profile. W 9¢] HHe] f=1.0U W] o]
Mol st oleiZoz AWZ f7F 07, 05, 03
014 72A$-Sol sigsic}.

3, AAZ)e BEFX7F <A¥Z)>=19 ZAE IS o, B
£g]8o] dojzrt whek fiber 27} ©A] active erbium
doped fiber 28t FAEo] SITHH, gain profiled M}AIEH
[9181 29 1M 9} Zho], F713Q1 X gghg Fejrh @ Ao)
ol 7,9 2% F7|5 ZIE constant gain I'E F&jshA A?
(2) = ce?™] HI <A (2)>=1& D=3} slnz

1 (24 42
— | *AY(D)dZ=
F-fy A 2az=1 @

ol Hx mE AAZe e 2o

2IZ, arz

e
2rZ,
e -1

a2, 8 FXE o83t soliton laserollA 2ol A}
Zre HE o] NALMSE JI33H FZ & long passive undoped
fiber part®} short active erbium doped fiber part® A ¥ T}
B =FolA= passive part®} active parts EF Zhs sl
NALM FEE T23tct. thA] BEjA] gain ©] FZ Al
A 8 ol dAsA] ¥ NALMS UR-%h erbium doped
fiber24 gaing L& F AL FFE FHIIAY HAY 7
= F9z g ugoznt e RS IR A|Fgo)
A} erbium doped sectiong AUs FE=o g2 ez F
A FEZE A He RE THEHer FaEd 979
Ae} o] 28, & Z2=7,94 F powere] ¥l T7}
WAV YA 1T A FYEe 23S sk
vl = 59 fgoAl= o5, & single pass gain Ge= W}
AUzt 4 TE A8 BAsiEta 7Hg st &3 sl
T B Fol5o] Hi, o5 &4 e ¥k 4o
H F714 ouiz|e] ¥Holg AP dvh@d 1 Fx). ol
g 7714 oRie] Wolrt g AS SelEe] Ayt A
< AR} sk Zlo] B 7] £3]1 Zoltt. & FF
F7] T BoARAE gain®] HIA7E <A (Z>=19] 24 E T

AX2)= )




(Ir=d) T S5

Eapl 99 A7 £2E B8 0% HEm

—Zl—Ajngaezrde+ae2wA(l —p=1 ®)
o) &7)A,
2rfz, -1
_ 4 -1 erA _
a—[———z Tz, +e (1 f)} )

o] Fm, WA 2 (3)9) A2 ©| A% TheFH o) Fol
7t}

AXZ)=ae*? 0<Z<f7Z,
= anIﬂA fZA<ZS Zy (8)

o714 fe vAE FZo|rMe active erbium doped fiber
section®] length fractione]™ WA f= 014 1 Alel9 gk
& 71 £ dok 28 1904 £=0.103,05,0.7,1.08 <
AAZS) E‘ii@}, Z %713 o|5 profiled RAFI Ak W
fe] Aol f=1.0Y He o5 ol siFsin olfjEor
AHAZ f7F 07,05,03,0.14 BS0 sigdicth f=1d o
E FRES 9 a9 1M 2 AREA =Y o 3}
o}, gain profile® M4 Y distributed gain transmission
systemol A1 9] gain profiles} FAFs) e}l

0oL 22 % &4

] MY ZE RN F71H FEE FeEH FHHE
o £EY v AAHAL erbium doped fiber®] HA 24
olofM e} ulg(HH &ElEF7] 2o HE FFF7] Z,9 ¥

2 wslA)71EA] B3 Schroedinger WA Eof FAF

oS:.,
).

40 -

30[

20

Intensity deviation (%)

-10 -5 0 5 10 15 20 25
10 log,, [Z,/Z,)

2 2. 0.1, 03, 0.5, 0.7, 1.0 5 fo] gkollMe] £ESF7]0
o3t 225719 vlo] ol &8 WE A|7|9] Wil

Zo|Me] Ha &Y A — Agel -

o] gA 9 509

oz FAEAt 2 (3)9 HIA¥ Schroedinger WHAE 271
98 FEBPMW (Finite Element Beam Propagation Method) &
ARt ] T2 IS vheo] FXF A E S B
gto] %7] &el& hyperbolic secant 2 7FYSIATE T Z,
= 10dBe] A E O F I 10log(Zy/Z)E —10°14 207}
A ARG 28 2 o] ol 24z 0.103,05,07, 15
d wje] FEJEF7ld e FHF719] vlo Wsle] g &
e EFo Wzl i AN A3E RAgEH. 7t 2ad
o), &ejEe] Aol Frshe Aol #AHEH], oA
distributed gain transmission system®*12] SFAJe) hal 34
Aol Barg Az} PAT M g =19 9] AT
Ak FaEF (919 28 300X ol Az} w2 d
&2 Atk 28 3IME =030 10log(Zy/Z) = 24 ™
o] &2E M AHE ZF WHYCE S0xZ T BAFA
e (@9 3R izl Ty [Fo] wff- BYHE A
B2 Ao Wzt gle Ag #5F + Ut} o)FS &@A £
329 3/10%%0] active erbium doped section®] EHi= 739l
ZiZy=0.6 TANME g S EFE 45 F US 9

I“l'

l

) ‘ iy : “H
W ‘t“lt l i ‘\ ()
“\“l‘ l\‘ll“llm‘v" §

‘l‘“ ‘1‘ 1,1“‘ “o“"u‘ 4
\‘ “ ‘\:““\\'
o " m \“‘\“ x*‘“" s
L ﬂ \1 \‘
\‘1“1 x\‘ w

Ak A
102} I T S
R N R
c | i /\/\ Of AR AR
§ul i AL
‘§100 2 .“%,L‘L%A\;.W ‘\,‘(i',':’.'.":.'.
& YA T AR VIE RV R IR AV
g MY T AV T A B
£ ¥ N VoS u (A AN
g 088 ; R
IR v v
E Vo !
0.96 | .
0‘94 A i I3 1 .
0 10 20 30 40 50(x2,)
z
(b)

2" 3. 10log(Zy/Zy)=2Y W (a)f=03Y W] &2l& AE
3] ZHZ ) =03 @A, f=05 @FHHY wel
EFeleqt FEe ¥l



510 &=4E3R] A9 A 6%, 2001 12€

o)t £TE FoN HFIE E ¥ 2YINY £2 X
HSE Z=nz,o $2E Yoot BEURE RS S &
STH 23 39 (belalel AAE o] A9 delEste] W=
o] Wolg mol v REe] Wt 2% nivko R ek
o} oleldt Aske 7120 W LelE W4 TAow Ueld
AW Zyzy7h oFF Holo} Brhe zAe] f7h HEI AL
ASole s gsd £ ke o2 Mg 4 gtk
olgg WAe f} AelxE Zo] ARHOE Z,9 2k &
32 7] 2o Yehhs Al BHwEh gy vl
TaE7) el 2 ZHNM 7t AN FEE A %L
A%, & f=052 Ho] &E 1Ze) WolF A4tsle] TA
oz ek ngked ol S AZel wsk: ozt A#A
4% AEAAR R AR Wol7k AR Qo] Tha Beryst
Al Yepgrt.

Ve £

olz)e] F714 WHolrt e Ag-9 £jEY HAnt KA
& AP S8 BAE S R0 Ha EEEY ¢
A4S erbium doped fiber®] ZAjZolore] HlE W &2|&
F7)] U SEF7)9 Bl&S WAIA 7 ZARRIH
erbium doped fiberd] AA|ZojoljAde] v]go] ZolAFE
& dulks S H o2 Yehgtom o3| nieh 2ol
EZ719 2918 719 v FolAsE A ARE
< 7 U

ZAE2 02, simple nonlinear amplifying loop mirrorol| A1 ¢]
&2 Ao dig BlAE Schroedinger W84S o] &
g FA iAo A vAE FE FEA erbium
doped fiber Zole] ZA| £ Zolor{e] H]Eo] FH3] Atk
W FE Fr7 &8 F7) vE) 2as 2 dedl= B
@ £YEY A E o] Ao F Avke AS & T 2
ATt

a2 ofN b

HAe 2

£ Ave FFEUdn AA G768 F98 dol AREHA
& WYt

H#DEH

1

{1] A. Hasegawa and Y. Kodama, Solitons in Optical Commu-
nications (Oxford University Press, 1995).

[2] M. Remoissent, Waves Called Solitons (Springer-Verlag,
1994).

[3] A. Hasegawa, Optical Solitons in Fibers (Springer-Verlag,
1989).

[4] L. F. Mollenauer, R. H. Stolen, and J. P. Gordon, “Experi-
mental observation of picosecond pulse narrowing and soli-
tons in optical fibers,” Phys. Rev. Lett. vol. 45, pp. 1095-
1097, 1980.

[5] A.Hasegawa and Y. Kodama, “Guiding-center soliton in opti-
cal fibers,” Opt. Lert., vol. 15, no. 24, pp. 1443-1445, 1990.

[6] A. Hasegawa and Y. Kodama, “Guiding center solitons,”
Phys. Rev. Lett., vol. 66, pp. 161-164, 1991.

{71 L. N. Duling, “All-fiber passively modelocked figure eight
laser,” Proc. Opt. Soc. Am. Annual Meeting, Boston, 1990,
Paper PDP4.

[8] D. J. Richardson, R. I. Laming, D. N. Payne, M. W. Phil-
lips, and V. J. Matsas, “320 fs soliton generation with pas-
sively mode-locked erbium fibre laser,” Electron. Lett., vol.
27, pp- 730-732, 1991.

[9] S.M. J. Kelly, L. Smith, K. J. Blow, and N. J. Doran, “Aver-
age soliton dynamics of a high-gain erbium fiber laser,”
Opt. Lett., vol. 16, no. 17, pp. 1337-1339, 1991.

[10] S. Shim er al., “Soliton stability in a nonlinear amplifying
loop mirror,” Proc. of the Optoelectronics and Communica-
tions Conference (OECC '97), Seoul, 1997, Paper 9EP-13.

[11] K. J. Blow and N. J. Doran, “Average soliton dynamics and
the operation of soliton systems with lumped amplifiers,”
IEEE Photon. Technol. Lett., vol. 3, no. 4, pp. 369-371, 1991.

{12] J. N. Elgin and S. M. J. Kelly, “Spectral modulation and the
growth of resonant modes associated with periodically ampli-
fied solitons,” Opt. Lett., vol. 18, no. 10, pp. 787-789, 1993.

[13] K. Rottwitt, J. H. Povlsen, S. Gundersen, and A. Bjarklev,
“Stability in distributed and lumped gain transmission sys-
tems,” Opt. Lett., vol. 18, no. 11, pp. 867-869, 1993.

[14] F Chiaraluce, E. Gambi, and P. Pierleoni, “Soliton propaga-
tion in long erbium-doped fiber amplifiers with nonuniform
gain,” Opt. Commun., vol. 105, pp. 47-51, 1994.

[15] 1. N. Duling, “Subpicosecond all-fiber erbium laser,” Elec-
tron. Lett., vol. 27, pp. 544-545, 1991.



(A7ER) WHE 2 2xdde Bz $eEe A4 — %ol - ol4A 9 511

Stability of average soliton propagation in a nonlinear amplifying loop mirror
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A numerical analysis based on the nonlinear Schroedinger equation is presented to analyze the propagation stability of the
average soliton in a simple nonlinear amplifying loop mirror. The ratio of amplification period to soliton period and the length
fraction of the erbium-doped fiber in the loop are varied to investigate their effects on the soliton stability. It is observed that stable
soliton propagation is obtained even when the amplification period is only slightly shorter than the soliton period when the length
fraction of the erbium-doped fiber in the loop is small, which is different from the previously published condition for stable
average soliton propagation.
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