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A2 (50 fiber spans x 80 km) % ¥ =] §-F4 745 913 ©Y E= FAd - (SMF; single mode fiber)2] 4 ]9} A -3+ &
o] &4} (RDPS; residual dispersion per span)©] ¥ 3}A] E3E 3= & ]H % 917 TN} AdHE A Alo] (DM; dispersion
management)E &-$+ 9 =F¥ WDM A d 2] B 54 & A5 B 3kt WDM A ' E2] YA A= o] 0dBm ©] 52 A she thd SMF 2
o]} RDPS7} A Al i3 8= F A E B8 B a7t Y sk 225k Aol A 9] A 3o FAHA e = A8 &
Q13 o] = AIRbeE WG L X B T FE o] &t A7l WDM A B AAo 7oA 8 S SRE 5 dvke A
= ojmj gt

[Abstract]

The compensation characteristics of the distorted WDM channels compensated for by dispersion management (DM) and optical phase
conjugation in the long-haul (50 fiber spans x 80 km) transmission link with the randomly distributed single mode fiber (SMF) length and
residual dispersion per spans (RDPS) for implementing of the flexible link configuration are investigated. It is confirmed that the
compensation effect in the link with the randomly distributed SMF length and RDPS is similar with that in the link with the uniform
distribution, when the launch power of WDM channels are restricted within 0 dBm. This result means that the proposed link
configuration is useful for designing and deploying the long-haul WDM transmission link.

Key words : Dispersion management, Optical phase conjugation, Residual dispersion per span, Single mode fiber, Random
distribution of RDPS and SMF length.
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40 Gbps o’3e] ¥ WxE 7|22 g FHE A|2=H
A Ass A7 T8 UJAE F shvies A &4
(chromatic dispersion)®} H]413X(nonlinearity)2] 3% 28l
o A% ef=tolth[11,[2]. o2& SAIE S3k7] f18te] Al
S Folu H71AR1 vdd 571 A2l VsE T 24t Al
(DM; dispersion management)= A i-2bol] 9] 3k off 3 B /g B
Y31 [31,[4], 3 $17 T (optical phase conjugation) 7]E-
WAl oI s magel $4ak 7]%olct (1T, DME
T AFE] o] i AgE 2 b B P (SMF
single mode fiber)o| Al &4 H EAFS &2 B4 AIGE 2=
A BAF - (DCF; dispersion compensating fiber)E 5-7F
sto] A A AASAY 2dsks DA 4 7lsolth
I A Fono ;qiﬂ ;ﬂ%\_igl 7}ol ] 4 H}\]— _T’_oﬂjl (OPC ;
optical phase conjugator)E 7] A%E = F 259 AHEH
= WHAAIA A S =2 WAdshe 7)otk

ZEv DM A ket EAshs 3 " aeAnt A
R G3p7F vepdtles A7 dok =3 3 91 S
2 Ml ok 42l o] EFA RS 913 dash
%7191 OPCE T4l o= 31 [ul A4 18] (FHTS; former half
transmission section)¥} HF A% 515 (LHTS; latter half trans-
mission section)] A A FAlgw) F =] g)A-S g4l
EABR= 4wl Fdsh] H*?*Oi A= A 2=tk

Ty s o] - les WA A 230l whet A9
b A B4kt vlddel] o of=, 53] 3 7 o
(WDM; wavelength division multiplexing) 21 & 74 %= &
T o2 WISt 4 Qlhal H < thFdt A E B By
ar hek[8]-[10].

£ =] AAk% DM OPCE 4 B A0 289k 171
ATESE E3l WDM A S A E e A5 5 vk
= 2e Ul vk lu[11]13]. 53] Al 23S 18] DM
7} OPCE A-&3h= A9 HA Fx27F A Hofof st}

g

= 71
=2 SHAIE S 77T (fiber span)S -4 3Fi= SMF 4 o]} 5
Al 77+ o] 74k (RDPS; residual dispersion per span)=
Al BEAIF 2N F5E = gtk A FRIEiT
[13].

Teu Ay 2 dE Pl digk obd A9 (A B9
[11])el A s gk A F=1e] dol= o] & A= T4
ko] FH7h 142 Wlals] ] §h9kt). o]i= RDPS 3 i€
< dF3A 33 o Ao 3 A A RDPS wtoll #lghs
F817] wlit-olth. DMY} OPCE Aj st & g9 7440 &
F4E =ol7] #1814+ SMF Zole} RDPSS] X & W3}

Al &= Qlefo sk o] 2 & FAE sE o] A AF AE
AFHa)A 1= <k FIT). web B el 43 SMF o] 9} RDPS
7} st BxE A 774 M7 50 NS 50 fiber
spans)Q] A A A B T OPC7T A8 A5 HAE &

http://dx.doi.org/10.12673//jant.2015.19.4.323

2l 40 Gbps x24 'Y WDM A1 5.2 A53l=
< SMF Z o]} RDPS #3327} 73k A5%
& 5330 nlal s Faf A o) &

A9-9 v EA
ol H oMol 1
t}.

II. WDM & A|AHN AMS @39 714

T17] 1224 A'D x 40 Gbps©] WDM #& A| 283} o] & 9]

S FAE A 725 Uehd Aojth 17 19] 2471 FA4l

7I(Tx) 2422 &4 342 1,550 nmF-H 1,568.4 nm7H<] 100
GHz (5 0.8 nm) {FA o7 2= BX 73 #lo|A tho]o =
(DFB-LD; distributed feedback laser diode)® 7143t} 2+
DFB-LB:= A2 =291 128(=2) 9JAF WY H|EY (PRBS;
pseudo random bit sequence)°ll 23] Z~3H] (ER; extinction
ratio)7} 10 dBS1 22} 7}-9-A]QF H 9] RZ (return-to-zero) S 3
AN = Aoz mdgsiginh

FA71E 5 dBY A AE 2EE AA S5 7], 1 nm U
Z-0] 3 e, PIN tho] 2 =, HE| 92 Fejo] H 43 dH
o} 7 322 7AW ZH A9 (direct detection) W] Q] 4=
A7z ma sttt 4 Y Z-L 0.65 x HIESZ 7143t
Ak

AA AEZ F1boll 91X% OPCE HNL-DSF (highly
nonlinearity — dispersion shifted fiber)& |43 v d 2 2k=
e U‘*‘ﬂﬁ}@‘ LA A s e g ARt
DM ¥+ JJrE I3l = skalet [111-13]

i 101] FAZSo] A AEEe 50700 TA TR
/€t OPCE A4 o= FHTS LHTSO| A 73t 7
= 2570 = sdeh ofeliol -2 SMFe] A s Y fhE
= 3% 19 BE A 73l sYsAl A&skelvh &4 A
T agyp = 02 dBkm, A A5 Dy = 17 psmvkm(@1,550
nm), HA & A5 g0 = 1.35 W'k (@1,550 nm). =3+ DCF
o 117 vhErE #EL o Aok 4 A apes 0.6
dB/km, 2t A5 Dy = -100 ps/nmv/km(@) 1,550 nm), 1415
A Ypep=15.06 W'km''(@1,550 nm).

=] 5491 7} A F1ke] SMF Z o]} RDPSE W
HapA A7) o] F 7HA 9] 7] Al 2315 TR
o) 1% shuE WS sk SMFS] o)7L d Al ALS-
=131 90 9191 50 km ©]/3ell A 110 km o] so]ofof s}aL, 7}
7% ®BF 58] (half transmission section)ol| A12] A 3+ Z o]
= 80 km7} H =5 7} FA] -71e] SMFL] Y Z o] 7} Al e
ofof ghthi= Zlojth. T shhe] MA| 232 ZF FA 1t
RDPS+ 0 ps/nm%-E] 400 ps/nm Ale] ] ghelojof &}ar, 7+ 7
% 3o A o) AA Ft g 200 ps/nm7}t EHE=E ZF S
T-%+2] RDPS7} A B | ofof gkt Zlojth

ole] gk HA| 271 st A -4 2} A ¥k -5 ] Zp7te]

Al F3ke] SMF9] Z ol & A aHA EAIZ] B Ao E
H, AelE 4= 9= SMF dole] Hujx] e} Hax]e] A
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Fig. 1. Configuration of 24x40 Gbps WDM transmission system.
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oA 12719] (e AIx i sHE) THE BSkal Wl 24 FF-2] SMF
Zo]¢} 80 km= ¥ 25 T5-2] SMF Hol5S dH sk st
=5 3l

B o=Fol e 28 10 B ulel go)] A A SA
(spans 1)@} vFR]2F ZA] 5-3F (span 50)2] DCFE 242 ZF A
HE -2l X o] ZA| Qo] -4F (NRD; net residual dispersion)S
ZAsle IS a8l == 3k k. whelA] FHTSOA =
HAH-E] 24 2] SA T1F, LHTSO A &= 25 A H-E] 491
A SA T3] F 487 7l AT RDPS7| HH 81A] w35}
w5 AL A A Q1 A A WHS SMF Zeole] iy i
P2} frAlsHAl skl 5 A el 4= 9l RDPSS] )
2] A} (5 400 psinm) = ZF A W L8] S|
ol A &= Wl 242] Wkl 122 1}ro] A RDPS W3}
, o] Mgkl 178 12744 9] 7FeAE w3 § 7
Z7A9 AA HeA 200 psmmol A 12719 (7FER]xH 3}
) 2 ol eka Wl 24 72 RDPSES s R ¥ =
ak3lch

7 SA) 7-71e] WF 3 RDPSE WA A el E SMF 4 o]
(lgme okl 2 ()T 22 AAIE 33 DCFE 4ol (I 0=
A ERA ETh

o ofr £

ok, 4
= B pE
I

=

17

ne
K

2 Er v MK
o Y 1o
o

ke

- RDPS + (1 gyX Dy o) |
DCF — ‘DD(/‘FI ( )

ALz 247 SA| 1M E3l FHAE = 24 AS vk - 2lellA
9] NRD+= ¥ RDPS7 200 ps/nm©] 7] w2l 4,800 ps/nmo]
th o7l 3 HA) FATREe] SMFell A 5418 Y 3o
A AelE = A Al mhA 9 FA] F-7ke] SMFell A A%
Bakrs 247 718 6,160 ps/nm7F E T}, Wk WDM A
g5 ARl AEE flste] 2 A& vk 778 ©] NRDE ©]
T sto] FAU AAS F= TS ru e T sof
s}, 2 Aol A& 19 190 1Rl nke) o] A WA FA T
v} wiR) e} FA] F-3E2] DCFE©] sk ANk A4 383
Sk A& 529 NRD kel whek 2+ ol (1, 9k 1,7+ H
HEE AAIETE = ©] 7 DCFe] Aol ¥l upe} 2k A
JF &) o] A o] NRD7} 24 ¥ 1= 5 53]t

2 AT A e g T2 7 A T EA
S}= RDPS W&ol NRD= vli-¢- & gh& 7H 4= wtell §laz, o]
< NRDE 3 HA DCF} vhA2F DCF7F Aol 24 flef 7 vt
S37] w2l “H S 224 (concentrated compensation)"©] 2k
B2 49k 28)al F DCF7F 2 A4 vk 7-81 9] NRDE U}
Fol BASH] wlitol]l ZHZ} pre-concentrated compensation®}
post-concentrated compensation®] 2} HESFITE 12 7
DCFell o3l H5 HAdo] 27| vhe ghog FAlol| o] FolA]
W A AEE2] NRD Alo]7F G4 7] wjol] & Aol A
= kA9 FA] F7ke] DCF Z o= -5k 5 729 NRD7}
0 ps/mm7} ¥ =5 (5 1 & T2 complete compensation
%) 61.6 kmZE A F ) vHA 2] M4-2.2] F NRDE pre-
concentrated compensation (5 3 WA FA] T7+2] DCF)ell 2]

ofy offl
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ARt Al H =5 sklvk YAl He 1, = 61.6 km= 317
%o} LHTS 9] NRD+= 0 ps/nm7} & Al 8faL, 1, o <] 3f Alo] =]
+ FHTS®] NRD7} A A B9 ¥ NRD7} ¥+ 22 A7
akeleh 2elar & AelA FESR= HA NRD W= 10
ps/nm {HA 0 % -50 ps/nm -8 50 ps/mme|th (o= [, 5 0.1
km 7H4 0.2 61.5 km*-H] 62.1 km7H4] HSIA|A A=,

& A7-9] =91 SMF o] ¢k RDPS7} Al 0.2 ok
50711] SAH F7Ee 2 o] Foi%l MA HAE AEs= WDM
2ze] = B AeE iAo R A8 $18te] SMF
Z)©] & 80 km, RDPSE- 200 ps/nm= v+ A&} A A AISH 19 19]
HA FZE B3 D45 = WDM 29 BAF Qo) vl &
Aeteict. ZF 49 WDM A g o] 41 8 Hrbe = €Y
JE] (EOP; eye opening penalty) S 53l 4= 5131t}

FAE BAE T8 S vy mave] 99 Aed
Al Aeales 72 AEES HAdE FARYA BE2A (NLSE;
nonlinear Schrédiger equation)oll 2]3] EH AT - =0l A
40 Gbps®] 24 2 WDM %S 918 NLSES] 4] 4 4]
Al & FFeloll (SSF; split-step Fourier) 7]%A[14]°1 ©}h
Matlab 0.2 -+l 5}o] o] o ATt
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. AlZ2lo|lM Zut dE
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H EH =] diehs] B2 Al7ke] ARET] whEba] 2 TRl A
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shed 30919] Y RS LAAA Al EH oS T

1% 2= SMF Zo]¢} RDPS2] 30714 Al -3 212} o
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L

rl
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B <
=X

o 29 2 (@)%} (b) T FF EF NRD7} -10 ps.nm F 10
ps/nmE AAE F A o2 gk 5o Yeh= 2 E1E

=

7 T 5 -10 5= 10 py/nm7} 24 9] NRDSI & #9181
3

9 32 2 2004 A2 At whe, =, & 2=7g5te]
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