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Effective Net Residual Dispersion Depending on Total
Transmission Length in Optical Transmission Links with a
Randomly Distributed RDPS
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4t Ao (DM; dispersion management)$} 33 9% 3 (optical phase conjugation)©] -8 I} thF (WDM
; wavelength division multiplexing) Al2®9] F<18t A4S S8t TA 73 T 4o E4F (RDPS; residual
dispersion per span)o] WHSHA TXsle= HE HANA A AF A & A 7eE EZsIAth A4
712 B0 AH8E DM St e & AA o] E2F (NRD; net residual dispersion) & YAF A o|t}
9 2= 334F (SMF; single mode fiber) 715 ZA A4 AZZF 1,000 km o]}l =0 Y E3X 2] RDPS
7F A&He 7

[o

4 $ 9% Bxo] wg) A28 Aol 2A FoluR| ol A3 e P e, o
o w9lol A4 9l WDM Aol tal shutel @tol ohd Zye NRDE Pae] A48 4 ke AL ol
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Abstract

The design rule depending on total transmission length is induced in the optical links with residual dispersion
per span (RDPS) of the random distribution, which is adopted for implementing the flexible systems of
wavelength division multiplexing (WDM) transmission with dispersion management (DM) and optical phase
conjugation. DM parameters used for the analysis of the design rule are the effective net residual dispersion
(NRD) and the effective launch power. It is confirmed that the flexible optical network configuration with the
total transmission length lower than 1,000 km is possible, because the system performance difference between
the randomly distribution and the uniform distribution of RDPS is small. And, in the optical links with the
randomly distributed RDPS, the wide NRD can be applied for transmitting WDM channels of the relatively
wide launch power.

Key words : Dispersion management, Net residual dispersion, Residual dispersion per span, Optical phase

conjugation, Total transmission length, Effective launch power.
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AeA7le FL 2e IF &5 B4 (GVD;
group velocity dispersion)Z} H]’ 34 (nonlinearity)2]
4% Ao ot AT diFo|l]. o]y 4w

I& B e Tles T4 3 A

3o Tee WA W52 F00 T A4 B
7] (OPC ; optical phase conjugator)& o HFE]
= 3 AT A"HEHS HAHAIA GVDY 93+
SHFw ople WHY Aol O AFw w4
< = AH]

T3 H4F Ao} (DM; dispersion management) 7]
se  W4ET AgHE B mE G
(SMF; single mode fiber)o] £4F Al49} th2 35
o A AFE e b B F4F (DCF
dispersion compensating fiber)E SMFoll F7t2 4t
skl FA 7 (fiber span) A]AE AF Y B
A 2dste] GVDOl A s HAATT3).
DM gk F B #4b 9fol #4F 71&7]
(dispersion slope)= FAlo] HAE 4 a1, =gt
23 (Raman amplification) | 2= AFE-E 4 3l

= Aol o

e A £ e 9 A
A3} o 28 B 5Z7] (EDFA; erbium-dopped
fiber amplifier) 52 AF-o WE HAF 5= (lumped
amplification) W0l OPCE T4 .2 F A% 771l
Ae] 3 e Bxe} B4 A2 dAS =717t
3l 5o] Est WS A7) of Hol{s). =3 DM %
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g JoE AeUhe BAE et
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2 =59 ARE azt9 d7E F3) opcet
DM& Zdst FaoA HAHY HA Yo &4
(NRD; net residual dispersion)S A% I2b0]Ej 9}
HAsl] &3] 2831 960 Gbps WDM 21EE
Al 2A 1FHE HAEE F de A A
B QEI[7], NRZ(non-return to zero) B2Joll HIS|
RZ(return to zero) @28 AF B fresithe
Ae AHEIUE). t5o], DM 48 Y45 H
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A ezxn opcel AAF AA A gae] F
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2} (RDPS; residual dispersion per span)= HH3}A
I A" gt el 23 A DM
= A8 g F UESA 7= AAY
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RDPSE £} A01E sk A% PFaolxe] A7
71ET BET $4 ATFE AT Yt 2
o}, TY3 dolo] SMFE TAE A 719 75
£ 34 A% Auzt 2T 32 w A 72
Aol w2 40 Gbps HIEES Zte 247 33

% (WDM; wavelength division multiplexing) Ad
S HA o2 HAEe NRDE &390, A +
ZFNGEE 1 dB olste] = ¥ HEE (EOP; eye
opening penalty) & ¥ F AT FE YA HE
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Z AAs= A 70 g n 12, 14, 16, 18
TP, 7 A BT SMFQ] Zo], & 1,,& 80
km=Z 93 7H38Hth 71ete] SMFe] stetnlH

T e 2ol 7Pgst: &4 AT agy = 02
dB/km, 4 AlF Dy, = 17 ps/nm/km(@1,550 nm),
HIAE AG g = 141 W em ™ (@1,550 nm).

7} A 73] RDPSE AA| HE ﬂﬂ‘*‘i ¥ 1
o] gk % el o g AdstA duE F A4 A
& HAE FACIES Stk B3 £ 194 4 F
A F3oie sE RDPSE9] A A% 7%?401] 2
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T2 1. RDPS %27} eSSt 24X40 Gbps WDM M& A|A” HLx,
Fig. 1.Configuration of 24X40 Gbps WDM transmission system with a randomly distributed RDPS.

E 1. ME gt el 2t I Fioict HESHA

Table 1. RDPSs randomly allocated in each fiber
spans of half transmission section.

n | Y EXE 93 RDPS FH
12 50| 100| 150| 200| 250| -
14 50| 100| 150| 200| 400| -
16 0| 50| 100| 150| 200| 250| 300| -
18 | -50] 0| 50| 100| 150| 200| 350| 400

[@] : ps/nm]

(=)

F 19A A FY AeEE ALSHA 2785
£ RDPSY /H47) @A) &= AL A4 19 19
MUXHH OPC7HA9] ARt A F9& FA8h=
A 77+¢] RDPSS} OPCH-E DEMUX7}A| 2] B-ut
AE 78S Ak $A 73 RDPS7E 47 i
19] 9% HsS s Addsty] fiolth &
g Ag A% 799 A HA FA 71 DCFe} ¥

L o
W AS 7YY v A F1HY] DCFe 47 A
A HE P32 NRDE ZA3= precompensation}

postcompensations ZAs}=t ARE-E7] wjFolth
7} A 77+ RDPST= DCFY] Ao] 1,0 <J3]
ZAHEE 3Gt W, BE FA F7rel|A DCF
o] &4 A a s 0.6 dBkm, HIXE A 4,
483 Wk (@1,550 nm)2 SQ3H 7HA sk
£ AT WDM A'd B gt ks 24
3=t o] &%= DM I2}H]E= NRDS} pre(post)-
compensation®| T}, £ =F-o| A NRD= A WA 7
TZF (span 1)¢] DCF Zo] (28 19 1,.,)8 24
2 AOJA]= precompensation, == VR FA 77F
(span n)2] DCF Zo|(2” 19] 1,,,)8] ZHE Ao
Z|= postcompensations F3l 23} EE AT =
o] 2 Alo}=l= NRDe]| uh& WDM e 5=
71ZE st AA AE A=Y dFS B8t

II. WDM & Al2Bel 2HYD 45 It

It

gk 24 Ad (AE BIES 40
2 S1% WDM Alzade) $4%, AR
3l A OPC Al 733}
TA A serE = VH DM #d =%E% &
datA BT (7 5 149 19] WU &
A7(Tx) = EX A aﬂom t}o] 9= (DFB-LD;
distributed feedback laser diode)= 7} o}‘}'}_]_, A 1
7 24| DFB-LDY F4 342 27} 1,550 nme}
1,568.4 nmZ 3t 7t A9 o 74L& ITU-T
G.694.1¢) Azl Wel 100 GHz (Z 0.8 nm)E 22
Faldtk. 2 DFB-LBE MZ 5322l 128(=2))
Al Y HIEY (PRBS; pseudo random bit sequence)
of ofsf oJF-How MrEs Ao Rdysth
o] mj oJF WEI|ZHH A HE 51y 4
2 433H] (ER; extinction ratio)7} 10 dBS] 22} 7}§-
Aot Bxe] RzE ZdYE
OPC+ HNL-DSF(highly nonlinearity — dispersion
shifted fiber)S A Y mlAZ zbe 122 Zd3)
A3, $A7NE 5 B e A2 2= BA 32
71, 1 nm HF9] 3 JE|, PIN tho] &, HE Y
Feo 92 4y g W 2= 749 FF
A9} (direct detection) ¥2]2] 217|272 mdlg)sts]
o A A2 0.65 x HIESR 7H3IAT
B0% 935 Fo) 83 M4 T} JL
] Agfsls 2 QIS HAE A9 A &
(NLSE; nonlinear Schrédiger equation)ol] $J3) 3%
of B =704 40 Gbps] 24 A'd WDM A%
S 913k NLSES] 4724 #A41e dA £ 78
(SSF; split-step Fourier) 7|H[1]= ©]-8-3}o] Matlab 2.
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Fig. 2. The EOP of the worst channel as a function
of the NRD variation in the optical links consisted
of 16 fiber spans with the randomly distributed
RDPS.
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(@) NRD determined by precompensation, Ps = -3 dBm (b) NRD determined by postcompensation, Ps = -3 dBm

J8 3. HES RDPS 2xE 2= A 724 i NRD M=o wE < 1Eel EOP
Fig. 3. The EOP of the worst channel as a function of the NRD variation for the number of fiber span with
the randomly distributed RDPS.
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Fig. 4. The effective NRD ranges for the launch power.
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