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[Abstract]

We systematically studied the chromatic dispersion and nonlinear distortion compensation characteristics of 24-channel x 40 Gb/s
wavelength division multiplexed (WDM) signal in a mid-span spectral inversion (MSSI) system with dispersion-managed link. WDM
signals are transmitted over dispersion-managed link consisting of an 80 km x 48 fiber span including erbium-doped fiber amplifier
(EDFA). The dispersion map applied to this dispersion-managed link has trapezoidal shape with various structures. The
trapezoid-shaped dispersion map examined in this paper are designed with configuration in which the cumulative dispersion profile
has positive or negative value in each section before and after the optical phase conjugator. Through simulation, it was confirmed that
the proposed trapezoid-shaped dispersion map is effective in compensating for distorted WDM channel signals when the dispersion

map is configured with the small RDPS (residual dispersion per span).

Key word : Dispersion management, Trapezoid-based dispersion map, Mid-span spectral inversion, Residual dispersion per span,
Nonlinear distortion.
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Fig. 1. Configuration of dispersion-managed link and WDM system [11].
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Fig. 2. Dispersion maps.

Z 0]
]

symmetry) 7-Z7}+ B3l 74 &9
2% 119 19] DM 30l 445
20 2 midway OPColl thafl th2] o 7l
midway OPCE 7= 0.2 ZNka} ok &) 3.9] #AF ) =
A2 At Aol AL} vl IR 2 HKpositive) 2 S(negative)
o] & FAFFo] midway OPCE T4 0.2 A= =S 315
t.

217 20041 °NP, 02:08:02° = FA| gk
A AEZE 22 ] g oot Ak ARl A
b T2 o] 3 SO whE 1A S
o}, 18 7] "ol 17 20] B3 50] NP, 02:08:02
& Ak} Fk A% 78 27Ol F W sk paE
Tt )71 NP FHSOIAM 9] 74 24T =239
H(P)o- Bt QIrh= vhehi o).

HHH 2 Aqto| A A R B4 e 7

R v H
=

FAAAY Akl B 2

=,
w

]

hl
E

!
R

AN 2,

o]

H
RN

https://doi.org/10.12673/jant.2024.28.5.732

734

2 =l A aEEk Aok
ascent-flat-descent X5 =i
04:16:04, 06:12:06, 08:08:08, 10:04:10, 12:00:122] & 57}4|°]
t} o] 7] 4] ascent, descent, flat2] 2|7 = Xt A (1113 5L
sitk HEgh Ak Aol A e} riRT A 2 A RSl of A
ascent/descent 73+ 7]&71E& ZA3sH= RDPS Z71E 130
ps/mm 7HH S 2 130 ps/nmHF-E] 1,300 ps/nm7HA] W3S =
th 18]al WDM AEE9] o= B S vAE T8
8% A Jof 4F (NRD; net residual dispersion)2] ¥ 3}
A RA G 23] DCFe] deo] Msts S8l Yehe
ST

L

e



Il A|2E 2 845 g7

(=1
19 19] 24 Ad WDM H$-E 918 27 (ToE2 54
31742 100 GHz (5 0.8 nm) {HA 2.2 1,550 nm-E 1,568.4
mm 7HEHaL, T Fhe R¥ AF golA theje=
(DFB-LD; distributed feedback laser diode)®= 713t} 2+
DFB-LDE A& =3#¢] 128(=27) YAt gl U EY (PRBS;
pseudo random bit sequence)ol] 2]3ll 4A~FH] (ER; extinction
ratio)7} 7.5 dBQ] 22} 719-A1QF H 22 9] RZ (return-to-zero) E
AN E Aoz B3It o714 7.5 dBL] ER< [11]°]
Al 4 Aol A= o] it
A7) 5 dBE] e AFE 2= A FE7], 1 nm U9
0] 3 g, PIN tho] 0. =, WE 9] o] H= 43 Iy

oF 3 sE 7 A FH A (dlrect detection) W2 9] 4=
A7) 72 E%‘%’ ST A 9 E2 0.65 x HIEE = 7Hd st

Ak AA A
(highly nonlinearity — dispersion shifted fiber)E

S F7 $*3F midway OPC+= HNL-DSF
H A S mid =2

Zhs Tas RARsiglal, A 3t sk e g A
ZFe] DM ¥l =3 5 Akl A EoIT | [O-{11].

Ad HAE B3 &N HAE 5re]
Avfsle 2 AEES HAdE YA WAA (NLSE
nonlinear Schrédiger equation)®ll 93] EHATH12]. & =l
A1 40 Gb/s®] 24 A'd WDM %2 $13F NLSES] 74| 4 A|
o] -2 A B8k 2ol (SSF; split-step Fourier) 7% [12]
w2} Matlab 0.2 & 5o 43 = 5\’15}

WDM 7t o] s 7= 74l F Al59] ofo] tho]o]
718 (eye diagram) 7|HFO. 2 Hojz| &= Tv‘:‘ a9 d¥ (EOP;
eye opening penalty) = 7}813I T} 441 41 5.9] 715 EOPE 1
dB= 3}3ItY.

h=i

B

V. AlEgflo|M Zut H HE

TIH 32 Aol ek 57}11 Al 24 fow
Al HEE F3 WoM AEES AFAS W dojH= A
oF A2 ] ¥ vl (power margm)i} Y X A S A
SF& ) FolA= A H vixle] Apol S AlRkste] Hel Aol

o714 M= vl B Al A159] 1 dB EOP
AL A9 )-8 F (5 Ho A= H A QAR A
o] gholtk 12]ar ZF DM ¥ =2 NRD= 10 ps/nm

° f
25

Hu = mlm 2
ol
A

Noo3xe
o% M o | &
m mﬁ%f@'
Mg pg M e
E]OEP Lo

-

K ¥ o2 T
TE
I T

It
o)
e

o
zZ
av)

O

Oﬂ/\ﬂ“ RDPS = 260 ps/nm®l| A, PN

735

- -

MSSI A|AE

i
||

1040 1170 1300

:08:08

Difference of power margin [dB]

130 260 520 650 780

RDPS [ps/nm]
(a) NP

910

390

] —04:16:04,
5 -10:Q4:10,

06:12:06, 7771 08:08:08
12:00:12

24
-3 4

li

Difference of power margin [dB]
o = N

-5

130 260 520 650 780

RDPS [ps/nm]
(b) PN

390 910 1040 1170 1300

38 3. &2 okl &fol.

Fig. 3. Difference of power margin.

749-0 3= RDPS = 130 ps/nm= A &Ed t}2
VA 2 =9 2= 9lul= AL ok = 9lu)

7=l waf

T 30ENE AT 5 Qs I ThE Aok A R
B3| P Bro] 2L EAl g (53] 10:04:10, 12:00:12)

o] PNo| obd NP2 thAH x4 1283 2E RDPS
s WDM A2 e] o= wo] At o w2 FFsirh= Ao
=3

At A5 Ao} w7 [ 2 DM W 22] NRD7} 10 ps/inm
o]9] & k& 7HA = 1 dB EOPE 9% 9= AL o]
EAg AR © 2 NRD7} 10 ps/nm/km Btk A= 70} 2t}

AW 1dB EOPE €& = = AF =2 Ao« =of 2
A o2 ¢]o]o] NRDOI| th3 1 dB EOPE TH=3= AL A S
At H=dls A4S vk o] Ao Ud_zi S W

oA AeoJshH fa YA} H=F} NRDQ| & (product of
effective launch power and NRD)©| ¥t} o] & YA} A=z}
NRD®] 3 (©]3} ‘product’ &2 @ FH o] AHG= 3l Ak W
= AERE ) FE ®BAFo] o] FolA= WDM A2 €] AL

A3} 24k Ao} P=10] NRDS] 38-E0] Z7}ehA) Hck

www.koni.or.kr



J. Adv. Navig. Technol. 28(5):732-737, Oct. 2024

] 04:16:04, 1 :12:06, 2771 08:08:08 |
? :00:12 |
c i
Moy f
@ i
£ 1 j
£ I T I ‘ | T
m
=)
= -100 -
0
E
B -200-
o |
s
G -300 .
o i
u i
& -400-
)
= | ! ! i
5 -500

130 260 390 520 650 780 910 1040 1170 1300

RDPS [ps/nm]
@)
d8 4. 75 AL M3 NRDL| & Xt0[. (a) NP, (b) PN.
Fig. 4. Difference of product of effective power and NRD.

o
=

a9 4= & ATrellA] gk 57 g Eh
A Alo] A5 53 WDM A2 ES AR
+ product®} Y X HF #HE HEIYS
product®] zto] & R Zlo|t}. 19 4] AneS
2% 5olA ol A whxl Ao P 2w
e Feed 4= k.
< U FAH o2 At A o] A
G0l QofA= B 7HA] F2E AL e
3 A& 4 A= product’} T FE 2] product T}
A B 738 o HA gk Alolnh vk 24k o
Z7}FPNSI 73$-oll 91034 RDPS7} 130 ps/nmE 2 A A1)
WA kel whet xpol= AAIRE 57 Ak i R B
AF o] Hge ARt F71 productE
]

o 4 gk

=

(02 F-.a
=)
X oo

2

ki

i

oo e =

N

5]
o}
Slnw
Zrhs
7}

A} uél

pul

2o}

G

a)
o o

;d_ém
T oM oo offl ox

A

>

b

O

P

2 M
F oo
rr o,

Py
o

M =}
1S4

a2 - 2 Me o
Mo

o
B

vi.d 2

3l Bk} ANQERE 57EA] o] AT WS wAk Ao W1l 488t
= 749 A v AP S A midway OPCE 4 0.7
A FEAAE ) 71 B, Tk oA o] 4
WA (F NP T2 S 2HE % A7ehe Ao] Frelshe A8 A
Belo] e o) selskeleh. @ WAL AT NRD) ¥ %)
Hg ZuAAE A TN E Fo] FH B, T
A &) FA B (F PN )& ZHEF SR o]
FSTHE AE AT F A¢ 2 2 24 Qo) 7
4 2ok AYshet] S8 98 k= ROPSE 27 A
slof Ay AvkE ¥ 5 gl 2w %4 Uik

ARAQ) Tz ChEA R AAH FA Pk Ezfle]
https://doi.org/10.12673/jant.2024.28.5.732

(@)

| —04:16:04 1 06:12:06, [Z.77] 08:08:08

Difference of product [dBm(ps/nm)]

520 650 780

RDPS [ps/nm]

(b)

390 910 1040 1170 1300

2 ATE Fo HAF 5

REFERENCES

[1] G. P. Agrawal, Fiber-Optic Communication Systems, 4-th ed.
Hoboken: New Jersey, John Wiley & Sons, Inc., 2010.

[2] M. Suzuki, “Dispersion managed solitons and their
application to high-capacity optical submarine cable
systems,” Optik, Vol. 280, Article No:170771, June 2023.
DOI: https://doi.org/10.1016/j.ij1e0.2023.170771.

[3] M. Morshed, L. B. Du, and A. J. Lowery, “Mid-span spectral
inversion for coherent optical OFDM systems: Fundamental
limits to performance,” Journal of Lightwave Technology,
Vol. 31, Issue 1, pp. 58-66, Jan. 2013. DOI: https://doi.org/
10.1109/JLT.2012.2227942.

[4] M. Noshad and A. Rostami, “FWM minimization in WDM
optical communication systems using the asymmetrical
dispersion-managed fibers,” Optik, Vol. 123, Issue 9, pp.
758-760, May 2012. DOI: https://doi.org/10.1016/j.ijleo.
2011.06.022.

[5] H. J. Abd, S. A. Gitaffa, and M. G. Al-Hamiri, “Impact of
optimized pulse shaping on optical transmission performance
in the availability of different dispersion maps,” Optik, Vol.
241, Article No: 167006, Sept. 2021. DOL: https://doi.org/10.
1016/j.ijle0.2021.167006.

736



[6] A. D. Ellis, M. A. Z. A. Khateeb, and M. E. McCarthy, “Impact
of optical phase conjugation on the nonlinear Shannon limit,”
Journal of Lightwave Technology, Vol. 35, lIssue 4, pp.
792-798, Feb. 2017. DOI: https://doi.org/10.1109/JLT.2016.
2606548.

[7]1 I. Kim, O. Vassilieva, Y. Akasaka, P. Palacharla, and T.
Ikeuchi, “Enhanced spectral inversion for fiber nonlinearity
mitigation,” IEEE Photonics Technology Letters, Vol. 30, Issue
23,pp. 2040-2043, Dec. 2018. DOI: https://doi.org/10.1109/
LPT.2018.2875595.

[8] H. Zhang, Q. Zhang, C. Huang, and C. Shu, “Transmission
impairment mitigation for single-sideband signals by optical
phase conjugation,” I[EEE Photonics Technology Letters, Vol.
32, Issue 3, pp. 150-153, Feb. 2020. DOI: https://doi.org/10.
1109/LPT. 2019.2962712.

[9] J. -P. Chung and S. -R. Lee, “Compensation of the distorted

WDM signals by symmetric dispersion map with nonuniform

737

Zk=

7Isets el M O AAE B4 R0 YIS 2= MSS ALY

zero-crossing place of accumulated dispersion in midway-OPC
system,” Applied Sciences, Vol. 13, Article No: 10456, Sept.
2023. DOI: https://doi.org/10.3390/app131810456.

[10]
link configured antipodal-symmetric dispersion maps with

J. -P. Chung and S. -R. Lee, “Dispersion-managed optical

respect to midway optical phase conjugator,” Journal of
Information and Communication Convergence Engineering,
Vol. 21, No. 2, pp. 103-109, Jun. 2023. DOI: https://doi.org/
10.56977/jicce.2023.21.2.103.

[11] S. -R. Lee, “Compensation for the distorted WDM signals
through dispersion map of trapezoid-based symmetry
configuration combined with MSSI,” Jowrnal of Advanced
Navigation Technology, Vol. 28, No. 4, pp. 552-558, Aug. 2024.
DOI: http://dx.doi.org/10.12673/jant.2024.28.4.552.

[12] G. P. Agrawal, Nonlinear Fiber Optics, 3rd ed. San Francisco:
CA, Academic Press, 2001.

0] M & (Seong-Real Lee)

19904 2¢ : sh=atamistn 3 SAMEZ el (S, 19924 8¢ : sh=atarist tlistel SAIME S5} (SEHAA}
2002d 2@ : shaatart st tfshel SAEESSD} (S5t}

2002 62 ~20044 2%  (F)ollolE[l 7| &od A

2004d 3 ~oiAf : SRS A e ol M HA|ARSHE W

3 BHA 2Ok - WDM HA AIAR], Zo| HM Bl B4, B 42| M

www.koni.or.kr



