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Asymmetric-type Dispersion-managed Link with Optical Phase
Conjugation
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[Abstract]

The alternative method for symmetric configuration in optical link consisted of dispersion management and optical phase
conjugation for compensating of the distorted optical signals due to chromatic dispersion and nonlinear effects of standard single
mode fiber is proposed. The symmetric configuration means number of fiber spans, dispersion distribution in former half section and
latter half section, etc should be symmetrical about optical phase conjugator. In dispersion-managed proposed in this research,
optical phase conjugator is located after former half section consisted of 6 fiber spans and before latter half section of 14 fiber spans,
and the averaged residual dispersion per span (RDPS) of each half section are consistence. The compensation effects of the distorted
signals in the proposed link is analyzed by comparing with the results obtained in dispersion-managed link with the unequally
averaged RDPS of each half section. From the simulation results, it is confirmed that RDPS deviation between adjacent fiber span

has a grater effect on the compensation than the equivalent of the averaged RDPS.

Key word : Dispersion-managed link, Optical phase conjugation, Residual dispersion per span, Artificial distribution, RDPS
deviation.
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Kgsto]of g}, o] 3 FAE wet F Hed
;-8 U358} (WDM; wavelength division multiplexing)
OADM (reconfigurable optical add/drop multiplexing)-=- 7]
F2 0195 ASE A8 A FAE HAE
Fo = kel ghrh1].

Yol o] 2AAA APS F ASEE AFEE AL
R 335 (SSMEF; standard single mode fiber)
7HA 2L A= A F4F (chromatic dispersion)©l] 2]
174 33 (temporal broadening)<- X745} 7]
ol Pg2lolth. o] A 7| A 71T (fiber span)
T4 Al SSMFeR= Wit o] 24t 545 2= 24k 1A 3340
(DCF; dispersion compensating fiber)S SSMFo 57} -4 &}
S Sl AY 9= B4 Ale]l (DM dispersion
management)” | 21T} [3]-[5].

DM ®H = d2 vll SA 57} (fiber span) 7} SSMFell
DCFE F7Fsh= i3 (distribution) W84} 3} 524 3}l Wk DCF
2 FJ3H= A S (concentration) W] 0.2 AT S| TE of
wek A 0% DM BAE A ekaL St et SSMFZF 2t
= EYE 244 5420 v4E a3 (Kerr effect)ol] 2]t )
= WA= @A o)A sto] A& A& Algkeitt[5].

SSMFE &5 FAe AES A 7o 4 s =
= s AARE gk w23k A Ao dAlglE T A B
A& H35l] F 4% o] 34-31] (OSNR; optical signal power to
noise power ratio)= 1= G ©)F A8l oF ghrt o] gh =
& 5217171 YA F 259 S (intensity) S =
olof 3taL, o] & 913l TA vt 28 W B FF
7] (EDFA,; erbium-doped fiber amplifier) 2} 72 & 5%7| & AL
&&llof glt}. e}A|"F EDFAE 7HA&= HaE AFshe= 3 4l
T3 SSMF7F 2= Kerr G340 o] 3] S7bel 2ol v ato]
2pale] Fahas Al Wshrt A =EE 2] o Hx
(SPM; self-phase modulation), THE A'd Al & 2] =3} A Fof|
W3S F= As 94 WE (XPM; cross-phase modulation)
o] o=t A [6).

o]}t Kerr a7}l &gt A5 o4& vAst= 7]&
71 9174 39 (phase conjugation)©] T} [7
A AFZ F3h A% F 94 FH7] (OPC;
conjugator)”} FAITHF-E OPC7HA| 9] 4w
former half section)°l| <] SPM -l 2]3)] <fj =+
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A $17d FHAIA OPCHE] FAld7bAe] S0 A% T3¢
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o]l Ajekal = FHS Y LHSS T4 8= 4] 73712 =7}
OPCE TAl o2 M2 th2 a1 (4 &s}7) FHSol A o) T -7t
T 670, LHSAIA 9] 2] 3t 5= 1470), BA1o0 2 S 6t
TR FA 3 o] B4k (RDPS; residual dispersion
per span)2] it gko] A= th2 A A E, I v E4b
Aol FAolti16]. o] F-3ollA A uk F1ke] 7F FA 3t
vith A% RDPST= T/ T7te] 715 HrlA 0w 5
7Hascending) B2 74 (descending)dl =5 31 Th 1438l 5
Al 73t 1] RDPS AAME A Al 8FHA] FHSE 7438+ 2t 5
Al k2] RDPSES AZIA 0= 1A 7]% WHA LHS S
Aot S 312 RDPSES ¥ o2 F7MA] B
Ho]l WDM A = BAde] 7HE a3pAoleb= A& At A

£ &3l ERlskaith

2 A= v AL Ao FAE AR A Ao &

T & RE Yol A o] 5] 1F RDPS ] 4t gho]

o AR Alo] F 041 2] WDM A o= B
EAS 2w 13} 3ht) RDPS H gk ¥ 9o BE
2o mEpuE gk A AgelA et FdsA stk =
FHS®lA 9] F7] -3t = 671, LHSO| A1 9] 5A] 31 5= 14
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Transmitter
(Tx)

j«— span #1 —>|(— span #2 —>|

[«— span#6 —P’

13 1. 24x40 Gbps WDM & A|AE| 7x [16]

opC ——f a7

f¢— span #19 —vle— span #20 —»|

E?yz»éf

|

post-DC

Fig. 1. Configuration of 24x40 Gbps WDM transmission system [16].

E 1. RDPS Hxfol| w}2 AM| RDPS zf (RZIA &7} 2x;o| H2)

Table 1. The exact RDPSs were decided
(a) Unbalanced[16]

span # | small | large | span # | small | large

1 40 -990 11 60 -360

2 70 -610 12 80 -200

3 110 -230 13 100 -40

4 190 530 14 140 280

5 230 910 15 160 440

6 270 1290 16 180 600

7 -20 -1000 17 200 760

8 0 -840 18 220 920

9 20 -680 19 240 1080

10 40 -520 20 260 1240
FHSS} LHS ZH2}oll 4] 525 % 2abere olele] gho.w 24
gt AE YT o] 5S EIT BE T A9
B D OPCE TAOR At BRIt 5 == FHS

I} LHSOIA A= ezt B s 535k30th = 29 1004
pre-DC spanT} #1558 #62] Z7| DCF th-¢l] SSMF7}
QEE 3 b #7158 E #2209 A 723 post-DC spane
SSMF t}2-¢l] DCF7} 9 %= &1t}

A8 Ate] o DM HAdAe] ol wAF A
RDPS®} A &Jof &4F (NRD; net residual dispersion)©l]
& W=t} o} 7|4 NRDE AA| A4 fZ00A H45=
goz Aowrh 1y 194 27 TA e TS
SSMF2| Zo]i= 80 km= IAAZATE 7} 5A 77t 4
H 2ol #4F, 5 RDPS= DCFe] Zolo uje} dejA| == 3}
St} 12|32 NRD= 2t A4 3], & FHSOl A= pre-DC +3F
< 53ll, LHSo| 4= post-DC 17+ B3l 22 ATk

T8 1olA SSMFE 02 dBkme] &4 A (agm. 17
psim/km®] 2AF A5 (Dgy )9 135 Wk (@1,550 nm) 2] 1]
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y deviations (in case of the ascending distribution).

Receiver :
(Rx) | [ArT]»{o0]
(b) Balanced

span # | small | large | span # | small | large
1 10 -980 11 50 -350
2 50 -610 12 70 -190
3 90 -240 13 90 -30
4 170 500 14 110 290
5 210 870 15 150 450
6 250 1240 16 170 610
7 -10 -990 17 190 770
8 0 -830 18 210 920
9 10 -670 19 230 1090
10 30 -510 20 250 1250

A AT (vgpE Zeth 1831 DCFE] 24 AT (Dpep) =
-100 psmmvkm, 2 7 (o pop)e 06 dBkmE, XS Al
(Y per)=5.06 W'k (@1,550 nm) = A4 S3ick

Ak AH16]9F vaa] o A-e] ztol e 19 19] F
A T30l A, = non-midway OPC®l| 2]+ 2}7] th& F7] 3¢
G+=2 zh= FHS$} LHS ZHztol| A ] 3t RDPSE A& HU 3}
Al A7k Jolth 5 1 Aol A= 670 ©] FHS9F 1471 9] LHS
o] FA 73+ Z+Z+e] RDPSE©] 33 A 7-7k2] RDPS<};
A4 Hxpol| Wt Hepx]7]= SFA|RF FHSoll A 9] 34t
RDPS %3 LHSo| 4 2] 4 RDPS #ke] B5 130 ps/nm®E 5
AsA A E HolA d=te WoM AEES A EAS
A o), abd Ay el A= FHSO A 2] 3 RDPS %k
150 ps/nm =, LHSOI| 41 2] ¥ RDPS %42 120 ps/nm= A 2 TF
2A AT YA E o= sk

FHSol| A ¢] 3 RDPS %3} LHSOA]2] < RDPS a2
SUHATE 9l ej o] FA 7te] ZHA| H= RDPSE SHA A
PARF QA9 A 02 A A}l wha} vp= Skl 9| F



Al T1ke] RDPSS} Alol & ZEes &lglc). Qe T4 71
Atole] RDPS 1914 HAb= 9 *L FHsoﬂHt 40 psimm (°] =
small(S) Hx}2}al &)} 370 psnm (©]E large(L) HX}EFaL
A3, 28]ar LHSOIAE 20 ps/mm (5 S BAH} 160 ps/nm
(5 L¥xHE ardstlh Z2he] AAxtel] me} SA] 73t Hs
7} S7VEEE LS A 77be] ZHA| E]= RDPS+ AR o=
7174 (ascending/ descending) 5} =5 3} T
2 ATrellA FEAJEoF & DM H A9 2= F 167l 0]t
51 FHS®} LHSOI|A] Z2H2te] HabE mF A & A5 (ol &
S:Sekar A3h, SiL, L:iSeFL:Le] 47k & gk 4 f-o]c. 18] il
o] ztzke] MR} 7} FA) 71k RDPSE HZ A o2 Z7 &
= A7 el weka = 94 FHS9F LHS 5ol A
Aoz F7A71E H" (o] AASFL S, FHSOI M+
ARH oz F7IA7|E ¥hd LHSOA = ARH 02 7hAaA|
|= #E (0]= ADEFaL A8, FHSOlM &= AR Ao 744
Al71E W LHSOl A= AR o g S77]= " (o5
DAZ}aL J3h, 18] FHSS} LHS 5ol A HR1H o7 714
Al71E ' (o1 EDDERAL A 3hE a8ttt 3 1(b)= HAF
A7)0l Wt R4 08 sk d'lel| 4] 2k SA 7171
RDPS #< & 50 Bl Aol vkl A 777 Hart &
7vgtell wpe} H7 4 o2 RDPS7} fAadhs BEE HEaA)
b 3E 1(b)oll A 2 A 1Fe] 2= RDPS #te] oA & Wt
o= b Frk
7} SA T2k} o] = A RDPSE 2E7] wiit-ell NRD
= 92w 7HE eatell $la, WDM Al d o] a A 1Ak
A= NRDE {lof AL s5=0] Fojof ghrt. 1 Aol A=
27 100 BQ1 nfe} 2ol 3 WA e} mpR] e FA| -7k pre-DC
9} post-DCE &3l NRDE 435 a3ith & A7olA=
Algdo)d Z-9-2] & £017] 913l post-DC A 7-7F] DCF
o], % 1,4, LHSS] NRDE 0 ps/nm7} ¥ %= 114 A7) 1
pre-DC &7 7-7+2] DCF 4ol, 5 1, W& &3l A F=1014
] NRDE 243}5E% 3F3ITE S NRD 2282 pre-DCHE 7] 5}
T8k
19 1914 24 A ] WDM $4171¢}F =417], 18] 31 OPC
o] -z AL 9 [16]3 FHsHA AA ST g 247
A ZHzre] S 3= 3 74 [16]7) 93l 100 GHz
(5 0.8 nm) IFA 2.2 1,550 nmT-F 1,568.4 nm= A 45} c}
FHE B 9 SANHAE 2] JIS F WA
Aoshe 2 AE9ES vAdE FAEYA wAA (NLSE;
nonlinear Schrodiger equation)oll ]3] EHHTH6]. & =zl
Aﬂ 40 Gbps2] 24 A'd WDM %S 213E NLSEQ] 3] 4] 4]
& oA & Falol (SSF; split-step Fourier) 7% [6
Matlab ©. & F-&@3}o] o] Foj 5]t}

Il. AlEgflo|M Zat 3 HE

87

IS

AN ahal

40 50

-50 -40 -30 -20 -0 0 10 20 30
NRD [ps/nm]
O3 2. AL XE20] 0 dBmel & =2 A D o] NRDO|| (2 =

o2l o JE|

Fig. 2. The eye opening penalty (EOP) of the worst channel
as a function of NRD in case of transmitting 0 dBm
launch power.
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2.0 T T T T
1 4 »
1.5 f 1]
= H
g 1.0
= J
Nl
s 0.5 1 ® unbalanced; NRD =-10 psinm
= O unbalanced; NRD = 10 psinm
=] 1 4 balanced; NRD = -10 psinm
2. 0.0 {{ # balanced; NRD =10 psinm
E
=
g -05 &
3 2
" [ 3
g 1.0 Fl
-1.5 T T T T
S:§ S:L L:S L:L

13 3. DA 2=0i|A| RDPS H At =gtof| k2 =|Cf AL M=
Fig. 3. Maximum launch power as a function of RDPS
deviation combination in DA distribution.

IE3E RDPS 3} 3] §:8¢1 5-0] tfs)] £418: o]oj7h,
A 1t Apol 9] 2he- HALR FHSO| A= RDPSE HH o=
FA)715L LHSOIA = A 0= ST el 2 A
77| RDPS B ahs YA W=+ T3 (balanced)”}
PS i gto] A& the stk ) AR 9] A715 02
o4 0.3 dBm A%E /W7 RS BI85 ek k2l

VO{N

ofy d

5

[e)

WA DM "3 249 NRD7}F -10 psinm= A3E 3971 1%
F 74 Holl A vigha] gl 218 obg2] & 4= STk

17 2014 sk G2 S:S AA}F 23S 4TS, DM %
2] NRD7} thEF -25 ps/nm*-E] 25 ps/nm AFo] Q] 312 714 0
dBm?] AF AL zH= WDM A dS BAS Fal A 759
1 dB EOPE 413 <+ Sith= & & = 9t = WDM Ad9]
YA #=ol] iz} 1 dB EOP ©]3ks ¥ = = NRD A& 2
4 rh= A8 Telst 4= 9l o] M91E “f- A NRD H9)”
g}z A ¢]sle] RDPS Hx} Z&o] S:So]ar 1 -7} DASI 7%
ofl thale] 13 4of] YebAT 17 49014 “conventional™= 57|
T7+2] RDPS7} - 27| 2 Ut $-23 P A5 oJngit].

9 49 AFES B AL HEo] 92 & A g B
o] -1 dBm ©J3Q1 Aol A= 3714 -3 EF F8 NRD H ¢
7} A9l Bdet Ae & 4= ) WhH WDM A o] YAl dE S
KX FA) 3 7490l 4= & NRD H9I7F 2EA)7]E 814
Tk 1 xpo] 7F AleHA] et A1e ER1E 4 Qitk 5 6:14 DM
¥ =1°] RDPS HA} 23S S:S2 il
FHS9} LHSe| A1 2] RDPS 3k 5

= %S

2153 401l 191§ NRD W91 9314 e =)= A
T Sk 227 vl
e MR PR ERE
SRz Aol bssih. of A=A
= (product of NRD and power) -2 7 2] = =
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= conventional, —>— unbalanced, —&— balanced

40
30
] / \5
= 20 N
E ] N
S . <
z 4 4
o -10 < >*
= | / |
e \k <
W 30
-40 | — . . . . ‘ . . ——
9 -8 -7 6 -5 -4 -3 2 4 0 1 2
Launch power [dBm]
J8 4.DA &% 7 =0|M2el & NRD
Fig. 4. Effective NRDs in DM link configured with DA
distribution pattern.
550 T . . . . T ‘
. 5004 NS e vn
S 450 ]
g
400 - . ]
o=
& é 350 4
o =
o E 300 ]
£E
5 g 250 4
€ = 2004 .
=1
S 150 < ]
T 100 ] unbalanced :i:alam:ed
50 ,

O3 5. NRD2t AL M| &
Fig. 5. The product of NRD and launch power.

1% 52 S:S9| RDPS HA} 223 9] 9] 3714] Hal =3l o]
FHSS} LHS®| 41 2] RDPS Ht#ko] 5Lt 74-9-9f 5ds1A] &

7490l A2l NRD9} A2 -8 vlust Aot} -4 o A
T} w71 2 FHS 9 LHSO 4] 2] RDPS Hitgte] &Y o4

2 28glo] RDPS HAF 2310 8:891 B97F v Al 3t 1]
3 NRDS} 18] o] DA 973 AS 17 55 B4l gl
& 4= 9lth £ zpoli= oFAIRE 471%] RDPS HAF 23 5%
FHS9} LHS®l 4] 2] RDPS B 3kS &3k Ak 497 o
27 3k - RO NRD9} A8 Fo] g2 MAE= A L
< otk E3] RDPS HAAE LLE Z&38l= 7%l ¢lo] FHS

LHSo|4 2] RDPS it #ko] 5U3 P F o4 2] NRDS} A& &
o] Hitgko] & ¥ 1ol vis)] A A= RS o} ¢l

&5 e,
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v. d &

A F7HA] OPC7} AA| AER F7ko] ohd 6:14 T30l A



14 A 7112] RDPS HARE 2] a}A Rt FHS$} LHSol 4] ]
RDPS H 3k A &2 545} 3 DM H =04 2] ¢+ WDM
gl B 524 A A A1 RDPS Hafgha A= th
27 4743 DM H A1) BAF 5479 nluE B3l A

okt

NEH o] AE T3k £4] A3}t OPC 9 Aol U} 6:14 DM &
ol 4 FHS2} LHSOHAM RDPS Fr#to] A= sdsljof al=

o] of B= o=t WDM Ald B ol & d S 1 A]X]
el As 5“”6‘ T At v ZF FA ?7J°l Zhe=
RDPSE 1402 S7h2A 71w 2o /13 57 73t
AFo] o] RDPS AALE: o] WA 2238l =1t7} 9 =% WDM Ald
HA & JS vHTE AS %} T AU} &3] FHSS}
LHS 5 RDPS HAE AA k= Ao 71 ¢ s o
S A= IHA RS Q%ob’iﬂn
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