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Dispersion-managed Optical Links with the Ascending or Descending
of SMF Lengths and RDPS as the Fiber Span is Increased
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MSSI (mid-span spectral inversion)2} A3 24k #|o] (DM; dispersion management) =
71018 = Al & dfars =2 9= 7])<o|t) o]g 3 ML H Ao §54 AL el ‘;}a] 33 (SMF; single mode fiber) 2]
o)} A T3+ F Qo EAal(RDPS; residual dispersion per span)©] 54| F7lo] S71erE M 7% 0 2 718 7L} 7h4 = 2
94 BE Y04 AA o] FAF (NRD; net residual dispersion) A|o] 1|0l wh2 ¢j2r¥l WDM AE 2] HAF EA1S A W gk}
7} 74 Wk 8] T WDM A2 9] - F 2 o] 7P FrolA|= S| 77 NRD 224 91217} 5] %25 SMF Z o] 9} RDPSE #1114 T7} 5=
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[Abstraci]

Dispersion management (DM) combining with mid-spans spectral inversion (MSSI) is one of the various techniques compensating
for the distorted optical signals. For the flexible implementation of this configured link, the compensation characteristics in the optical
link with artificial distribution of the gradually ascending and descending of single mode fiber (SMF)'s lengths and residual dispersion
per span (RDPS) as the number of fiber spans are assessed as a function of the control positions of net residual dispersion (NRD). It is
confirmed that the best compensation is obtained by distributing gradually ascending or descending of SMF's lengths and RDPS capable

to place NRD control position at fiber span, in which optical pulse width is most narrow.

Key word : Artificial distribution of fiber span, Dispersion management, Mid-span spectral inversion, Residual dispersion
per span, Net residual dispersion.
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e 2= 25 (SMF; single mode fiber) 7} @5 o & 7k
= A E2F (chromatic dispersion), B3+ EDFA (erbium-doped
fiber amplifier) oA T3 G 213 Aol o3l v]S s+
HPAY o= el Alagle] i) o] i (bandwidth
length product)< A $HeHC}[1]. o]21$t SHAIE FH3IAU S
F7] 913 x4 Q1 712 B4k Alo] (DM dispersion manage-
ment) 2} MSSI (mid-span spectral inversion)”} 3}

DM 9] 15 &% 4t (normal GVD (group velocity
dispersion))S ZH= SMFel 2(anomalous)2] GVDE 2H= #4F
174 33235 (DCF; dispersion compensating fiber) S 714 0.2
Hjdste] FA 7 G Jof B4 (RDPS; residual dispersion per
span)°]u A A 212 (NRD; net residual dispersion)2 %8}
of F F2-o] e =5 B = vk [2],[3]. AR U &)
of| oJ gk F 2S5 fFe] B = AL

A. Yarivell 2J3l] #|be MSSI= 4] AF=e] F7tel 3 ¢
A} 3 97] (OPC ; optical phase conjugator) S Fo] A= 4
Ao ~2HERS WHAIA A oS HAshHE 7]=olth
[4]. MSSI+= 3 #38 t}% (WDM; wavelength division multi-
plexing) A&7} 22 Ul AFolE a4 ola, 53] CO-
OFDM (coherent optic — orthogonal frequency division multiple-
xing) 7} 22 F2|oJH E 3F A Al gl = BAF gt 9
St o] et o] 7] = 4% (local dispersion) 2}
F A5 AHo] OPCE Tl o2 4o B¥Esle]oFGVD
9} SPM2] & ZFgoll 9k AT oS RS 4= Q) 314
W AAR] A Al="elA] FA ] 2% &3 EDFA°
A o] ZFo] eh gk A& o] {A| gk WS ZEETH[S).

olelgh eHAIE =53] 918k o E OPCE HA| HE=
SZro] opd A o] AR o FA7]= 7]szo] AIRFE AL [6],
DM} MSSIE A3 715= 71 [7] 5¢] A= AT 2 =12
A2 Al2E A S 919 thdst FEle] DM MSSIE
A3 FIE ARSI 81,91

DM¥} OPC7} A% J7d% F29] 7|3 2= SMF do]<}
Z7) 72F (fiber span)P o} RDPSE W& 5] 7nfc) 78} 7|
XA Blolt) olelgh A WhHE | RE e &
T Arh= Aol ARE FAle B 32] 884 (reconfi-
guable) S A|2kA 71t} A== DM} OPC7} 489 &= F-430
A2l §843E Hol7] flg W o= SMF Z o]} RDPSE F7|
T2 57} FVEEE AR1E 0 2 SN ascending) i XA
O & 7Fi(descending)dH= BXES A2 X337 ]= 01914 &
3E (artificial distribution) & #|FSFAT} [9]. ©] ATE S3ll SMF
Zo]e} RDPS] Q1914 a2 sjede]] whe} ¢f=7¥ WDM A2
gl njx|= gakeo] gEfA & 2 ERISIGI = SMF Z o]
S} RDPS 57 WDM FAIEH-E OPC7HA| €] it 5 4]
(FHTS; former half transmission section)l|A] A4 o2 718
T O R B ETE OPCHE G274 2] Sk 2 f 2]

-

(LHTS; latter half transmission section)| A= 712 0 &2 7145}
T A oRE B (o] BEE D] AD w3xE} ) H ook sk,
HhA FHTSOIA] 714 02 Fhadhe 74 0% 2 W LHTS
A= HxH o= FrFehe TR 3 (o] & 1S DA &

Feh 3 Hlofof A28 i) s 22 Slatgik
o 4TS ulgo R W B 5T 5 Qi A9 B

FEl-e- 47} 0|t} Z AD-AD (SMF Z o] £33 FHTSol A= 3
A Z7T, LHTSOI M= A4 7, RDPS £+ FHTSOI A=
HAXA S7T, LHTSOIAM = H314 744, AD-DA, DA-AD, DA-
DA &3 djedo] 9}

WDM A 2] ofj=F 1 gol] &S w]X|= & T2 DM ¥ 3}
2 HE NRDE 2468h= 914 a1e]E 5= 2dvh DM MSSI
7} Agkd "o A 7]EH o7 1k 4= 9= NRD 24 $X]
=33 A, B3 254, OPC 0] AT} OPC 0] F-2] 4318
T Utk ZF7E 4714 o] Q1914] P EAESFNRD 24 91Xl
2} 5 27 ol M o] gyt ek 4= 9e-S ol gst
= o) b B =M= SMF Zo]¢} RDPS7} AD-AD,
AD-DA, DA-AD, DA-DAZ #-¥3h= 7}7}e] =04 A7)0l 1
H¥ 474 NRD 24 9)A] o wh& B} 5248 724 AlEdo]
AL Faf njusle] 7o) 3 B¥NRD 24 YRS &
3] Bz} gk}, 12 Aol A A A= B F3= 40 Gbps x 24 A
WDM %5 9lgh 7322 HdE] =)

O

& o r

[I. WDM A|AH] DHiz]

1% 12 24 A2 x 40 Gbps®] WDM 71 A| =83} o] & 9]
FAE HAe] 725 vERA Zolth 19 100 xd R0l
A AF2E 5002 T4 Fre s FAgdt 7F T4 73
< 7J3H= SMF2 DCF9] ¥l 92 NRD &4 9%} ¥ sto]
27HA = ik = 19 1(a)oll 281 vt o] P AjA
A7 P HETHE S NRDE 23 H A= HA A
%7 Z71ol] 9)2)3F mid-way OPC ©] 2] FHTSI 4= SMF &
ol DCFE 44913} precompensation] 7322, ¥HA LHTSOI|A]
= SMF t}&-9l] DCFE 491 3 postcompensation 2] 322 T4
a3tk ofol] ¥kall OPC ©]x 7 o] $-F F3l NRDE FH3h=
¥ ol A= FHTST postcompensation?] -3 =, LHTST pre-
compensation 2] 2= T8Il o) FAAES BT T A
% 8ol 2] FAd- vlgo] mid-way OPCE F41 02 A H
= o)) ulitel A Bt 39S ta FY 4= vk

AD T DA B2 915}0] 19 1(2)2) 1(b) 257 57 77be)
SMF Ao|(lgm= ZF A 1k FE oA 3 km 7HE 22 44 km'-
H 116 km7HA| M7 072 Z7FIAY 7HAetes ailt (=
7} 7 W 8ol A o] 4 Z o= 80 km). SMFS] 7€} 2|
& ot o] RalEslvh 4 Al agp = 0.2 dBkm,
WA AIG: Dy = 17 psmm/km(@1,550 nm), B1A8 A= g
=1.35 W'km'(@1,550 nm).
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* DC; dispersion calibrator for NRD of one half transmission section

Y

T8 1. 24x40 Gbps WDM & A[AR FL=

f ; the variable fiber length for the artificially distribution of RDPS and SMF lengths, f ; the variable DCF length for dispersion calibration,

Fig. 1. Configuration of 24x40 Gbps WDM transmission system.

I3 1914 NRDE Z48k= pre-DC, post-DC, front-mid-DCS}
rear-mid-DC7} 2V2} $12|$ S| 74 AlL] g L R) 2471 FA] T
Z¥2] RDPSE 16 py/nm 7H2 07 8 ps/nm-E] 392 ps/nm7}<] 712
o7 FTFPA 7SS S5t (5 %3t RDPS= 200 ps/nm).
RDPS®] AD®} DA®] QI91H ¥ AAFCE e
= [RDPS + (g Dgy)1/ | Dpep| ol Wt 24 == DCFe] A
ole|| o3l A%tk DCFO] 71el FRenle= vt 2ol sgith
EA A apep =06 dBkm, w2t A Dy = -100 ps/mvkm
(@1,550nm), B8 Al vy, 00 = 5.06 Wk (@1,550 nm).

7} Z7) 7k2] SMF Zo] 9} RDPSQ] 91914 ¥ Z3k] &
&2 “SMF Zlo] -3 - RDPS #3” =0 2 &It} = AD-AD,
AD-DA, DA-AD, DA-DAY] 4714] 83 755 A%} o2
51, DA-DA 3= FHTSOI 4= SMF Zo]9} RDPS= %14
FFASFAL LHTSOIA = & o 713 0 2 S7teh= - 3&o|th

7} ZA T RDPSE 27| Witel] NRD= vl & ks
74 Rt §laz, WDM A2 o] G4 B kS 91341 NRD
£ flol AL @50 FFofof gt} & Aol A= 1 19 Bl
o} o] 5743k gk 5 77412] DCF& &3l NRDE =4 3H%
= 319331, ©]E DC (dispersion calibrator)2}aL 3193tk DCE= 7}
A 7S A S SMEQF DCF2) v D3t wHA| 8o 27144
ZF 4714 v o2 HASISIT) & 19 1(a)2] precompensation
— OPC-postcompensation & = FZ=ol|l A= vpx|wt SA] G712
DCF Zel, 5 1., 5= LHTSS] NRDE 0 ps/nm7} ¥ == 114 ¢
el A A WA S A #E (span #1)©] DCF Zel, 51, WHs
B3l A PN NRDE 28 8h= 4 3he 47851= pre-DC
o} o] of= Wit ¥)= A3k F, = span #19] DCF Ao, = 1, =
FHTSS] NRDE 0 ps/nm”} ¥ =5 114 % Aol A span #502]
DCF 40|, 5 1, &3l 1A ®=0042] NRDE 2=438h=
A TS a5 post-DCO] 2714 W4 0. =2 AASGiTh v 1
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1(b)2] postcompensation—OPC—precompensation ¥ =1 3201 4]
span #262] DCF 4 °], & [, = LHTS2] NRDE 0 ps/nm”} &

4% el A span #25°] DCF Aol, 5 1, W 53l
| FAol4 9] NRDE =dah= 98-S 338k front-mid-
DC9} o]eb= Hhj =)= 98 4, = span #259] DCF Zo], =
Lpyony = FHTSS] NRDE- 0 ps/nm7} ¥ 5= 314 % Aol 4 span
#62] 1., W Fa) A4 Y0 H ] NRDE e 93
G2 81= rear-mid-DC2] 2714 W4 © 2 A AlgH3i et

19 19] 24 AE WDM AE-S AT FAVI(ToES] T4
742 100 GHz (5 0.8 nm) 7F42. 2 1,550 nm*H-E 1,568.4
nm# 33, 1 Fhe B 93 glo] A tho] 9. = (DFB-LD;
distributed feedback laser diode)% 223 3}33 T 7} DFB-LDE
M= EEol 128=27) 2JAF W H|EY (PRBS; pseudo random
bit sequence)©l] 2] 3l 4~4H] (ER; extinction ratio)7} 10 dB] 22k
7F-A1eF B2 9] RZ (return-to-zero) S HAAIZITE A7)
5dBO] - AFE 2= AA SE7], | nm t] 9 %9 3 L,
PIN tho] .=, WE 9]~ Fejo] 2 43 el 3 3|2
2 7AE 2 73 (direct detection) W] 9] =417 2 Rl
3% t}h. mid-way OPCE HNL-DSF (highly nonlinearity —
dispersion shifted fiber) & W48 WA & 2l+= 322 Ry s}
RaL, LA A shebiE gk A2k DM #H =)
& U8 BT [8],[9].
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gol5k Tt & 17 25 B3l pre-DCE} rear-mid-DCZ NRDE
Z4sl= Y45 NRDE 10 ps/nmiE, HHAo| post-DC}
front-mid-DCZ NRDE 233} © |4+ -10 ps/nm= A3
Gk 7350l A Hdo] HAdo] o] Fo A= A& ER1e 4= 9l
13 3-& SMF Zo|¢} RDPS7} AD-AD, AD-DA, DA-AD,
DA-DAR 3% 31, Z}zbol| A 1§ 22 5-E] 98 Afol wet
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% 2ol ‘uni')ell Al &-& EOP= E-A] ol LhERTE

938 58 4 o 5 9l A¥= SMF Zo] 9} RDPS 9]
ANA Z3 sieol] #AIglo] # 4 NRDE ZA sk 914, =
DCell whe} 4] Fd o] depxlvh= Rlolth 5 5 2ol o
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3lo] pre-DCS} post-DCE Z-3l NRDE HH o2 A7gs =3
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sHA, 2t TA #7He 45 SMFSF DCF2] 8l €-2 precom-
pensation—OPC—postcompensation -7} 2] 8}aL, o] 3]

465

(a) pre-DC and post-DC
T2 3. 2|%{2| NRDZ MFE 2T0lM AL EI2lof uf2 £|%
el & 22 el
Fig. 3. The EOP of the worst channels as a function of launch
power in the optical links with the optimal NRD.
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Fig. 4. The contour of 1 dB EOP as a function of the launch power.
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