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Dispersion-managed Links with the Irregular Distribution of the
Lengths and Dispersion Coefficients of the SMFs and the DCFs
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F A T BT B e B AIGE 2 9 BE P4 f-eh B4 B 3R (DCF; dispersion compensating fiber) S
& 7} A% uk 7ol A DCFe] ¥4t AIFE 7|5 0.2 o]
T2l 4]5= DCFe] 2 A8 AR A 02 F7HA] 7]
2N 7)1 AD HEO| A dare v B3 ok
golatqinh ek ¢l=¥ wDM Ade] BAF 532 o
= !

3L, 97 N7 oh-o] AE W o A = DCFO] 4t =
(WDM,; wavelength division multiplexed) A1 &7} 2/ o.2 B 5= A
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[Abstract]

A flexible dispersion-managed link configuration is proposed by using single-mode fibers (SMFs) and dispersion-compensating
fibers (DCFs) with irregular dispersion coefficients and lengths over all fiber spans for compensating of WDM channels distortion
due to the group velocity dispersion and nonlinear effects of optical fibers. The flexibility of link is enabled by artificially
distributing of these fibers based on the dispersion coefficients of DCFs in each half transmission section. The simultaneous
ascending and descending (AD) distribution of the DCF’s coefficients before and after the optical phase conjugator, respectively,
best compensates the distorted wavelength division multiplexed signals in the optical link. Therefore, to improve the compensation
effect of the distorted WDM channels, AD distribution is needed to choice regardless of fiber lengths and the residual dispersion per

span and fiber’s dispersion coefficients.

Key word : Dispersion management, Optical phase conjugation, Residual dispersion per span, Irregular distribution of the
length and dispersion coefficient, Net residual dispersion.
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SMF Z 0|2t RDPS7} BHE5HAl 22 SH=

.M 2

AZH A FTA Alz=wlollA] T B FAf- (SMF; single
mode fiber) 2] 15 S F4F (GVD; group velocity dispersion)
& 34 Ho] AJIZHA 937 (temporal distortion) S € 071} [1].
T SME7F 2h= B TR B4R v 5% 3 g0 A
& ATk 58] AT HAES S18) =28 A7 Al
27| (EDFA,; erbium-doped fiber amplifier)9} 22 A2 S
715 AEe Ag Al 2Hlo| A& o] & vy BEAo] F Alse
7ol o|Esh| ikl ef=t-S v AlskAl gt 2] Lev
24k Ao (DM; dispersion management)2} MSSI (mid-span
spectral inversion) 7| & E-& 3 W5 W0l H8Fo2H FA
o] GVDe}F HAE 54 o8l == B AEE US|
I o 7 WAFEE S Tt [3]-[5].

DM 3 W% HAE sk 3 A 71t (fiber span) 7k
o} AAbA ol B2k Al (dispersion coefficient) S Z2H= SMFO]|
o]’d4l(anomalous) A AFE Zb= AP B FAH
(DCF; dispersion compensating fiber)S A UAIA A= Hit
(path-averaged) GVDE 74171 W ot} [6]. HHH MSSI=
A AE G S3bel A3 F 218 247] (OPC; optical
phase conjugator)”} $-417]5-E] OPC7HA] A=A H4
FATE Y FANZ T A S HEAA A Alse}
- FARSE 21 255 A= W olg 7).

Zev DM 3 2157t v s @del] o gk ej=td A se
BiAel= AZE dar gge] 3 73 v (WDM;
wavelength division multiplexing) Al2~812] 74-9- 2} A d 2] 1}
o] BF thE L AnpA o 2 A sl whet ohE A F4

T kS shube] FERE BAgshE Aol 94| Y=

A& AU I ATk E3 MSSIE= o] 2402 F 4159 1Y

A7 OPCE T4l 0.7 o] wojof sh=d] FAl
2t 4wl o] & Fdsky] ol Hrks W o] SITHI)

ey AzRs Z1zke] AFE Z8) WDM S Al2-Ele]
DM 00| OPCE ZAJAIA 717}e] 2h= dHAlE 558 < 2

= AL B0H[10]. HEo] DM} MSSIZF 28 3 =100 4]
OPCY] YA17} AA| M @A F7olvk & 4= vl §la, AF
Z 0] DMOI|A] SMF2] Zo]9} DCFe] Zol7} i s ojof &17]
wjZof ZHA| ¥= Algkd Feje] FUES A F2E 55357
gk vhedet F A HEES ARFSFATH 1 [12].

2y DM HA FERE §EFHoR 73] Sl Azt
AlRbet 2= SMF Zolet FA] 73 & Jof 4 (RDPS;
residual dispersion per span)= Q1914 0.2, Bi= WA £
Al71R= Bt wghE]o] QAT shAIRt A A o= F FAE
TAAZIE do] vhst 54 9] FA = arefste]of gtk
< DMS 7d3h= SMF$} DCF| 4 A58 14 H she
o= 7pdate] AAISHA e¥ar vheket ghs arelste] A AR
= dofof st} 7 SMFe} DCFe ¥4+ AlE 242} sl o]
’Fo.2 1ei3te] DM P35 A5 EH 1173 RDPSE 4
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e & F30IA2 A=E WDM A2l 2ot

7] 1%k SMFS} DCFe] dolEo] debd sitel] flar = <l
3 S ko] Aol debN A g4 FEjel DM 1x

2O =0
Eoéa_[“/v]\ .

ARLe] 17k B M= SMFS] #AF Al gre = g
W41 17 ps/nm/km TS 3174 4] © & A €lE}3] a1, DCFE] 4t 7]
T #2100 ps/nmvkmE A} 3te] DM B AE AIRFSISIT 2 A
TollAE= shte] S| TS 738k SMFS] Holek it Al
7} Z¥z} 56 km*-E] 100 km7F<1€} 16.87 ps/mmvkm=ZH-E] 17.10
psim/km® AF S 7H4 0 2 W FE| 31, FA o] DCFe| Zo]e} i
A AG7F 242 10.5 kmBEE] 20.5 kmZFA 2} <70 ps/nmvkm =
-100 ps/nmvkm® WG 7H2 © 2 WHFA|A TA5190S 73-9- 24
AN x 40 Gbps WDM A1 5.0] ¥A} F312 F-Aje]] B} fE3l o]
52 7449 939 §54 725 Y3l & A TS o] F =
SMF¢} DCF9] Wjg-S DCFO] 4t Ale ghs 7102 A 7
Zro] S-S A STMIIAY AT = TS THEDL
O]ES OPCE TA] 02 1t 3] (half transmission section) % 3=
ato] ¥Hs 7 = 4714 ] Pl tis) wbM 2lse] 4
s W7V st st

o]

1. AlS80|M melzigl M5 BM

I3 12 24 AE x 40 Gbpse] WDM $-217](Tx), 54171
(Rx), midway OPC2} DM 4 3 9] 13| +25 Yehd A
o]t} DM A% ¥ IE midway OPCE F4 08 7+2F 107)19)
F FA %t (fiber span) 2.2 FAAETE ZF FA S A
= P52 WS TxH-E midway OPC7HA] (0] A WH
A A% 9k -8 o)g} = DCF th2oll SMF7} @ == 31 b
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cH.1 h FE'D%
o M I 5
| KD)) ) S
‘—‘: Xl
=iy — span #1 —PI# span #2 % }47 span #10
mid-way OPC

post-DC.
)

f ; the variable fiber length for dispersion coefficient, f: the variable DCF length for NRD control of each half section.

T3 1. 24x40 Gbps WDM && A|AH =

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

1. &

A F2ol M SMFeE DCFe|

olojsy 2z ufEd

Table 1. Patterns of the artificial distributed SMF and DCF in fiber spans.

e Fiber span number
Distribution | Symbol =775 =5 33 T g ge 12p 6,u 126 7,17 | 8,18 | 9, 19 | 10, 20
Doce | -100 | 98 95 90 -85 _80 78 76 73 -70
ascending Incr 136 | 105 12 19 17 16 20.5 20 13 17
Iswir 80 61 67 100 85 75 94 90 56 70
Dswe | 17.00 | 1687 | 17.01 | 17.10 | 17.00 | 17.07 | 17.01 | 16.89 | 16.95 | 17.00
Docr 70 73 76 78 _80 -85 90 95 98 | -100
descending |1t 17 13 20 20.5 16 17 19 12 105 | 13.6
Iswe 70 56 90 94 75 85 100 67 61 80
Devr | 17.00 | 1695 | 1689 | 17.01 | 1707 | 17.00 | 17.10 | 17.01 | 16.87 | 17.00
Hk 3] Byel F WAl ALk -8 X BT descending NRD #& zbolok st} = 247 WDM A 55 Ao 2
?l 7-(°1& ‘DD’ F-Z&aL 3, A AA AE 0k e 2 RS 9= 3ol HEE NRDE 288t 98S 54 5
i ascending®] AT 7 A A HE Wk 3] B ¥ = descending 9l Al F1ke] FFastof o st B Ao A= 1Y 1004 HofA|
A5 (01E ‘AD’ FZEkaL &), viA gre = 3] WA HE vk %o 7 7FA 2] NRD 2 WS ARSI & 3 WA &
3 o] B ¥+= descending®|A|WF F WA AE 0k 75 By = Al T3] DCFE E-3F pre-DC (dispersion calibrator) 2} 7] 2t
ascending?! 79~ (°]& ‘DA’ FZe}aL $he 4744 3 2+7} FA T3] DCFE &3t post-DCE A8-313 T
2 Fo 5208 WDM A159) B 54 B nad @ F o 7A4 o 4P, AA, AD, DA, DD B BT
o}, pre-DCRFS: A-8-3}e NRDE 2431 A Y post-DCTHS: A-8-3)

7} 27 T4l 4 DCFE= SMFollA] &2 % 248 A7 8f ol NRDE XAsh= 22 J35 AAIESI S pre-DCRE
A 2977] 98t Agdnh # A4 = RDPSE 0 S AHE3ke] NRDE 2438 22 #1904 A ZE
ps/nmZ 3} & BE A Tkl A SMFell 4 ¥ #A ghpr) = 2dl2 73 3 9A S 7] DCFe| deolEs
S DCFE Sdll 5 AAS: +22 Z2H3 o5 ¢ 0.1 km HA o2 S|4 E94 F A 2 NRDE 2+ 3s
3l DCF] 4] (Ipce)2F SMF 4 o] (lswr) & 5 U= §lo] oJu] g}, WA post-DCRES: AFE-3Fe] NRDE 24 st} A
(olell 9al & Ezetar Aol gh A e, o] =7 DCF 2 3% 194 YA BE g e o 2 A ek 20
o] @Ak Algrell F4r5] o] SMFL] 4t Al (lswr)7F 2= = A FA 771 DCFE] A o) E 0.1 km 4 0.2 S| 7 &0
= 3kelrk ] A 2] NRDE 2t A& 9H| g},

SMFe] &4 Al4== 02 dBkmE, HIAE A= 135 B Aol A A|elksli= SMF9} DCFe] Z o9} ¥4k A4}
Wh'2 25 A 7oA FdsiAl 7Hgsisich Egt A sl o)) ¥ ow R¥shE HAE Misie
DCF9] &2 A% 0.6 dBkmE, H]A38 A14= 5.06 Wkm'! WDM A o] o=t B} g A7a oz BA57] 284
2 RE A FA LAl 7 skt = 715, S0l giide] Fastt) o] & flelA Al dEA

oA} A& A% (pseudo-linear transmission) A]Z~Elol|A] o] DM HIE vl iAo = At & 3 1o Aew vk A
Ao RS AE & e WA A HAoNA H19 BA= % 29 SMF do|e} B4t Alge] Hi-2 712t 78 kme}
(NRD; net residual dispersion)< 0 ps/nm©| o}bid =1 2] €] ko] 17.00 psnm®]aL, DCF Zo|o} 24k Alg2] H2 212} 15.6
2ar HaE A} [13] ¥ Aol A ZF S A +7+2] RDPS7}0 km®} -85 ps/nmo] 7] W0l K= FA| FIHoA o] & g0l
ps/nm®] 7] wjF-ol] 2}~ A NRDXE 0 ps/nm7} 2 <= §hol] ¢ TFL A £ (uiform distribution)dH= H S W] o2
o} AT H . F9 [13]9] 295 HESH] 21814 NRDo 3HAT). 7+ 745 WDM Ade] 4l s Bk 41 Wl
H3E FHA] 247 WDM A EES HZF o2 RAT 9= E] (EOP; eye opening penalty) S 53l 483} 31t}
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SMF Zo[2t RDPS7F 2HE 51 Zxst= EHE| & 30l H=E WOM A2 ef 2ot

19 19 24 AE WDM AEE 919 FAT(TES] T4
942 100 GHz (5 0.8 nm) 7FA2.2 1,550 nm*-E] 1,568.4
nmZ 7P, 1 Fde B AF o)A tole=
(DFB-LD; distributed feedback laser diode)= 7143}t Zt
DFB-LDE A& =372 128(=27) ¢JA} Y H|E< (PRBS;
pseudo random bit sequence)ol] 2]3l AFH] (ER; extinction
ratio)7} 10 dBR] 2%} 7F-9-A1 91 8 2-2] RZ (return-to-zero) & &
AN E Aoz ZaysT)

FA7)= 5 dBY] e AFE 2He A T%7], 1 nm H1Y
¥-9] 3 IH, PIN tho] o=, WE 9| Jefo] I 43 I
o ¥ 3|2 = 4% A4 79} (direct detection) A0 4
272 REEHgith 441 932 0.65 x HIESRE 71438t
itk AA AF=Z Fhol| Y12gF OPC= HNL-DSF (highly
nonlinearity — dispersion shifted fiber)& H| A1 3] njd 2 2=
2 BUEiglan 1 Al A sy gk ARk
DM ## =3} TU A e elglvt [10]-[12].

AAE A5 S A 9AY a9 JEE AW
Al Aufshe 7 AdES vAE FARYA BG4
nonlinear Schrodiger equation)ol] 2]3] EHHTH14].

K

f

el

¢

& oA £& Flol (SSF; split-step Fourier) 7] #[14]°1 w2k
Matlab 2.2 -8 }o] o] FoHt}.

Il AIE30IM A1 U HE

% 2 319 47PX) BE0)| wle) AdE A
UAF o] 5 dBm 2470 ML ES AESH A9
7ok =2 A1 (o AY)2] EOPE NRD W3}l uje} Lehd
710|th. NRD 2]ol] DCF 4k Al9] Q1914 2azel] A = =
2 sl debE As & Sltk Ao R 19 25 FEl
AA X AA5= 6-10 ps/nm, AD 3014 5= 6-10 ps/nm, DA i
oM 42-10.5 ps/nm, DD ¥ 4% 4.9-10.5 ps/nmell A
o} A de] EOP7t 7HE @Al fojxA] A o] NRD7} &=
e &l

9 32 17 225F Aoizl % NRDE F 51-S] NRD,
= AA F3¥0) 4= 10 ps/nm, AD F-F 0|4 %= 8 ps/nm, DA %
ol 4= 9.8 ps/nm, DD A %= 10.5 ps/nm= A7 7 7}
7ol WDM A EE-S #Eahe 4 AL Aol up Fof A
do] EOPE YR Zlojth B el vlal #A41S 918
NRDrk 8.5 ps/nmZ A H 7 3 P Tl A9 Fof A de]
EOPeh 520l YERATH

FEA A 2=Flol| A =4l A 7] FE 1 dB EOPE A
slt} o] 10" HIE o2& (BER ; bit error rate)°l] -5-3l=
Zrolth [15]. 1+ 39] Z3}= 1 dB EOPE 7|50 v 24
o W, 7 B g =04 1 dB EOP7} ¥ o] AL 1

N

4.5 T T T
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Fig. 2. The EOP of the worst channel as a function of NRD.
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Fig. 3. The EOP of the worst channel versus the launch power
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Fig. 4. Configuration of 24x40 Gbps WDM transmission system. Eye diagram of the worst channel among the WDM
channels with the launch power of 9 dBm in the uniform distribution with NRD = 8.5 ps/nm (a), in ‘AD’
distribution with NRD = 8.0 ps/nm (b), and in ‘DA’ distribution with NRD = 9.8 ps/nm ©.

40
30 Ed;,
20 unifror i

10 |
.10_4’6
T :

-9‘-8I-?I-EI-SI-4I-3I-2‘-1I0I1 ‘2 ‘3 I4I5‘EI?I8I9 I1U
Launch power [dBm]

a3 5. %5 NRD 1M

Fig. 5. The effective NRD contours.

I\

Effective NRD [ps/nm]

olepltt. 19 5= o
5 47}

[-ﬁ fol

i
I‘J_lzimm

NRD 524 (contour)©] 2}l A

£ H|Esto] Aol A Aljtstar
329 PGAoA folxl SAF Ml mE fra
UeRd Zlojok 19 59] AuE AR, A|g
T2 H I A2 FE NRD 59| 2717}
o] FART AX AL AN FE

5] 0]

=)
S OAL S

2L o
o Mo Ho

:

ol

B
3

AA 02 T

A7F A B3 AR of=E WDM A o] Bl freat
sL%a@&@§9®mﬂ”ﬂLﬂaﬂ A=mell A= o
9] FZE AD, = 3 HA vk L3o) A= A E7ko] 278k
2 B A% o] ERb= Hmi DCFE #¥A7]3L, 7

WA gk o A= 1 kele] 24 DOFE REAT)E
o Y27} frelsehs A2 Be1E 4 gk

v.zd B

SMF¢} DCFe] o]t 24t A1527F =

AAFE VR FA T SUVESE 1 B A gk
S A STMIIAY AT BEES 21914 &
X 27} AT 24 AE x 40 GbpsS] WDM Al &2] 1]

http://dx.doi.org/10.12673/jkoni.2013.17.5.151

244

A e 7
MEREERE:

7 kel S7hek

Bl AlE oS Sal e nekth Alekek
TEF AD, 5 A HA R M= T
2FAge] A2717F 2 MU= DCFE
TEAZ)AL, 5 A g oA T Rhle] A ® DCFE
I 27} e WDM AlE S rAFsh=T 7 -
R e e
B ATl Fojxl o] A= SMFO| EA4F A7t 17
psimmiz, DCF2] 4+ A7} -100 ps/nm@= G EH QAT 3k
A TRE ks A4 T skl Aol I e B
AR 7ol A o] Aol o) A ARG AEH 0= SMF
ol oh(Hs=) RDPSEERE of 2} s3Alre] it AlE 1914
o7 BIAT7)E 722 DM H 10X % (53] ADSF DA £ 5)
Y 322 DM YAl A BT WDM A2 9] el B aakE
& 54 5 ivkar s

:{Eil

F

=]
= L

REFERENCES

[1] M. D. Pelusi,
Kerr nonlinearity in dispersion-managed fibers,” IEEE
Photonics Technology Letters, Vol. 25, No. 1, pp. 71-74,
2013.

[2] M. F. Uddin, A. B. M. N. Doulah, A. B. M. L. Hossain, M. Z.
Alam, and M. N. Islam, “Reduction of four-wave mixing

'WDM signal all-optical precompensation of

effect in an optical wavelength-division multiplexed system

by utilizing different channel spacing and chromatic

dispersion schemes,” Optical Engineering, Vol. 42, No. 9,
pp. 27612767, 2003.

[3] X. Xiao, C. Yang, S. Gao, and Y. Tian, “Partial
compensation of Kerr nonlinearities by optical phase
conjugation in optical fiber transmission systems without
power symmetry,” Optics Communications, Vol. 265, No. 1,
pp. 326-330, 2006.

[4] A. Chowdhury and R. J. Essiambre, “Optical phase
conjugation and pseudolinear transmission,” Optics Letters,



SMF Z 0|2t RDPS7t 2= 617

Vol. 29, No. 10, pp. 1105-1107, 2004.

[5] P. Minzioni and A. Schiffini, “Unifying theory of
compensation techniques for intrachannel nonlinear effects,”
Optics Express, Vol. 13, No. 21, pp. 8460-8468, 2005.

[6] P. M. Lushnikov, “Oscillating tails of a dispersion-managed
soliton,” Journal of the Optical Society of America B, Vol.
21, No. 11, pp. 1913-1917, 2004.

[7] X. Tang and Z. Wu, “Reduction of intrachannel nonlinearity
using optical phase conjugation,” [EEE Photonics
Technology Letters, Vol. 17, No. 9, pp. 1863-1865, 2005.

[8] M. A. Talukder, and M. N. Islam, “Performance of bi-end
compensation in a wavelength-division multiplexed system
considering the effect of self phase modulation,” Optical
Engineering, Vol. 44, No. 11, pp. 115005-1-115055-6,
2005.

[9] S. Watanabe and M. Shirasaki, “Exact compensation for
both chromatic dispersion and Kerr effect in a transmission
fiber using optical phase conjugation”, Journal of
Lightwave Technology, Vol. 14, No. 3, pp 243-248, 1996.

[10] S. R. Lee, “Effects of residual dispersion in half
transmission section on net residual dispersion in optical
transmission links with dispersion management and

mid-span spectral inversion compensation characteristics of

distorted WDM signals depending on distribution patterns of

0] M = (Seong-Real Lee)

S@ste

3ollAMe| H=E WDM Aol Eat

SMF length and RDPS,” Journal of Advanced Navigation
Technology, Vol. 18, No. 5, pp. 455-460, 2014.

[11] S. R. Lee, “Dispersion managed optical transmission links
with an artificial distribution of the SMF length and residual
dispersion per span,” Jowrnal of Information and
Communication Convergence Engineering (JICCE), Vol.
12, No. 2, pp. 75 ~ 82, June 2014.

[12] S.R. Lee, “Compensation for the distorted WDM channels
in the long-haul transmission link with the randomly
distributed SMF lengths and RDPS,” Journal of Advanced
Navigation Technology, Vol. 19, No. 4, pp. 323-329, Aug.
2015.

[13] R. I Killey, H. J. Thiele, V. Mikhailov, and P. Bayvel,
“Reduction of intrachannel distortion
40-Gb/s-based WDM transmission over standard fiber, IEEE

12, No. 12, pp.

nonlinear in

Photonics Technology Letters, Vol.
1624-1626, 2000.

[14] G. P. Agrawal, Nonlinear fiber optics, 3rd ed. San
Francisco:CA, Academic Press, 2001.

[15] N. Kikuchi and S. Sasaki, “Analytical evaluation technique
of self-phase modulation effect on the performance of
cascaded optical amplifier systems,” Journal of Lightwave
Technology, Vol. 13, No. 5, pp. 868-878. 1995.

10904 28 : BRYTUSHT YTSNY BTt} (FohAf 19021 88 1 BRSBTS Cstel SAYET st} (BBAIAY
2002 28 : SHRSTCHSHE Chstel SAMETHT (THUAY, 20024 6H~2004H 28 : (FIOIOIEIN 7| SHPAT
20044 38~ 1) | TYSTSHYTHSD FolHBAIAH SR W5

HEAIEOE: WDM R AIAE, Bl ulME A 24, Y &2 E S

el 11

245

www.koni.or.kr





