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Optimization of Net Residual Dispersion and Launching Power
Depend on Total Transmission Length and Span Length in
Optical Transmission Links with Dispersion Management and
Optical Phase Conjugation

Seong-Real Lee* Regular Member
e o

ol m = }Af- (SMF; single mode fiber)2] A HA4k} z2[7] $]4F WZE (SPM; self phase modulation)ell <]
gk AT =S wAksly] flste] HAF Ao (DM; dispersion management)®} 33 $14} F-o (OPC; optical phase
conjugation)®] #-8% ¥} 3 tlF (WDM; wavelength division multiplexed) A|2~8lollx A4 3=9] A7
71558 AT Rgit) B ool a3t A 8= A 7152 precompensation®} postcompensationol] 2J3l] 2
A== A A oJo] AP (NRD; net residual dispersion)®} 22| %% ix} A W$lo|c}l. 33 NRD=
WDM A|2Ele] A A% Aglel FA 7E36] AFgle] precompensation®} postcompensationel|] we} ZkzF +10
ps/nm®} -10 ps/nm= oIk 1Eivt A Ael TA 7HHo] HETE Alawl Aol AR v s
A Ve, vlard e & Ak A #Helell s fE NRD #HEI7F WA BEdhe s o 5 edsdeh

Key Words : Total transmission length, Span length, Dispersion management, Optical Phase Conjugation,
Net residual dispersion, Pre(post)compensation, Residual dispersion per span, Chromatic
dispersion, Self phase modulation, WDM transmission

ABSTRACT

Design rules of optical transmission links with dispersion management (DM) and optical phase conjugation
(OPC) for compensating optical signal distortion due to chromatic dispersion and self phase modulation (SPM) of
single mode fiber (SMF) are investigated in this paper. Design rules consist of optimal net residual dispersion
(NRD) and optimal range of launching power of wavelength division multiplexed (WDM) channels as a function
of total transmission length and span length. In all considered total transmission length and span length, optimal
NRD are obtained to +10 ps/nm and -10 ps/nm for transmission links, which is controlled by precompensation and
postcompensation, respectively. It is confirmed that system performances are more improved and effective NRD for

wide launching power have wider range as total transmission length and span length are more decreased.
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A|71aL Qlek. 7hsdAt wellA] 7]E YA ZsiA) 314
o Aze AT AT A 298 Avow 4
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1.28 Thps®] =l Ad Aol B gley!l, x|t
ol A% A7k 4 Al km A=l wEE vk &
AE 7H AL Sl

vk 13k 28k o5 (WDM; wavelength divi- sion
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fibers)& ©]83k= #4F Aol (DM; dispersion
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Ho Bk 100 % FAF BAYe| oJix EiE 4

M-S AE 320 Agsh=d] slo] T8 e
slofo} & 712 3} 41%e] Wx ¥4 (modulation
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Avlel DMS A833} FAlol GVDERE okt
SPMel| 23t sfj= WAtell B3} Sl 3 $14F F7]
(OPC; optical phase conjugator)S 12 <4 3 =9
F7kel| T 7es AL Az s A
F ok S mAf L A Agm kel 91418
OPC7} GVD#} SPMell |3t o2& shxlslA wAksl
7] {184 = GVDe} 3 A=e] 27} OPCE
FhHLE WS o] Folof sh=d] AAl FAE "2
Al AR A wtel ol5S] AL ofRiths 7
AE Za lek e B =] Axls 2 #=3
OPC#} DM A3 7= A5 2= A 4,
= A A oJo] EAlEF (NRD; net residual dipsersion)2-

I
4
)
oX,
B
ol
ot
Jo
Y

www.dbpia.co.kr



= HAL Alots} % $1d Fdo] M-8 FAF H=lA &

A% Felet 570 el mhe AA] o] 3413 qlAb HEe] A3t
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s 79 Be] A Adhe s dAF AHIE oy
2} 24t 9} (dispersion map)ell =1~ =A| 2j=3h). w}
2hr] FAke] Al A5 NRDO| 3% =3} ¢
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2] 7% GVD7} 3Hel| 2|E3}7| wlioll NRD2| 4
| =%0] 417 «rh ti$e] GVD2} SPM2| 435 8k
S5 938k, a8]3 OPCE FA = g AlAEQl oA
WHE7} SMFE] FA(RAD) AR - AS Al o}
2} el 5= 9l LﬂHoﬂ NRD®] ##{35}e} qjA} 213
o] A3} S = S glvt 12 DM HEE
x%sg S0 B 7&4 DM} OPC7} A% WDM
& Alzmlell A g Aot FAEAD) A wE
NRDQ} ]Ixl A= o] HHstel f8 Weol gk A+
= oF ®WaEA] edshel
wepr] E el A A7) 17 ps/nm/km<l
SME2] Z7] 7¥4e] 80 km2} 100 kme|3 27} o] &
o] 743z AAl SMFe| A% 12|17} 800 kme]ir
1,600 km&l %% 2= FA 7F7vwict DCF7} S}
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kmoll OPCE &= WDM Zlollx] 214 Aele} A
2 74Ael| wbE NRD<} siab A=) A3}, 1=|w
JAF AHe|| w2 NRD2| & H9E =&k
B lnfoﬂxi 23 WDM Ade] HELELS 40
Gbpsela 7} Ade] Wiz 5132 RZZ 38t 40
Gbps<] RZ A 2470= 22 ITU-T G.694.14 T
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o] 247) o FAlel AFE= Zl o sdet (i
2] E HAEES 960 Gbps).
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79 18 B ATl A P gme) P
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=] HA= DCFR FA5Fth SMFE9)

span 1 —-|-— span 2 —-| ------ span

dnopon oy oy dglanor

o3 = A% 72le 23 104 nell Wt 800 kmeb
1,600 km®| F 7}4] 7397}t E25 shodeh 2 FA
T7Ee] SMF®| Zo] g = BE F3kl4 80 kme}
100 km®] 7 714 39 F s Bdap sl
T 4% 25 BA AlSE D s 17 psinm/km 2 343
t}. 12|51 SMF2] &4 Al a g 0.2 dB/km, H]
A8 AG ygps 141 Wkm'(@1,550 nm) = 22
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w3 7 A TRl AL Al S $13) SMFRE
F7F== DCFe| &4 AF apepn 0.4 dB/ km,
Ad AL e 4.83 Wk (@1,550 nm) = A
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2k (RDPS; residual dispersion per span)< 7}7+| 73
ol thal] $AF- vk o (5 3 WA h 3 4
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HIAY g HAkshe 27191 AA| 4k #E7) OPC
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218l oJole] DCF F7} gle] A
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Legend :[> is EDFA, (J) is SMF span, () is DCF span, and i is DCF span with variable length for pre{post)compensation.
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' 1. A% g3 45 4% Feivlg
RDPS lsarr L [km] lper byre 0T Loy
[ps/nm] [km] [km] [km]

800 13.6 13.0~14.2

0 80 1,600 13.6 13.0~14.2
100 800 17.0 16.4~17.6

1,600 17.0 16.4~17.6

30 800 11.1 23.0~24.2

250 1,600 11.1 35.5~36.7
100 800 14.5 23.9~25.1

1,600 14.5 339~35.1

ik e o
&17] wiEoltt.
3 19] 2E 871A] Af #=ZellA NRDO| #H3h=
SAH Wl v A 72k DCFe| Aeldl 1,
W3S E3} precompensation} A1 vl2 A 77k
°IpCFe] Zolal 1,2 WEE §3F postcom-
o] FoA| =5 Flick olE &
], lgm = 80 kme]L & A% 72| (L)7} 800 km<!
A4 8l=(F n = 10)ell4] RDPS7} 250 ps/nme] 7]
18k 29l e oA AR (e

ZA 77F] DCF2] Zo| H3lz 7l

pensations 3=%3}o]

; _ (lDCFXDDCF)fRDPS 1
DCF— D] Y]

5 53 & 13} 7] 111 km= A= 2, FAIN-E]
OPC A7pA]9] 570] 7k 5 A WA 77h& AlLlg
2] 47 el 45 EAkFe] 1,000 ps/nm (=
4x250 psinm)e]i A WA SMFol|A S35 Ealeko]
1,360 ps/nme| 22 o]5-& AAs] 918 1, = 23.6
km7} Elojo} g} (5 o] A% 1, 7F 11.1 kmZ 74
=]3dvbH precompensation®t2. 2 NRDZ} 0 ps/nm7}
Hoh. et 2 =e] A7 542l NRDef| whE A
28 Ao Ay 4] E 13 7o) lm T=
Lo 5 23.6 kmE AR 0.1 km ZFA2& 23.0 km
e 24.2 km7HA] W3S 510t (5 NRDE W)k
= -60~60 ps/ nm). WA 774A] A9 o]9f zhe-
e 2 dojx]i= & 19 NRD2O] H3} el wz}
Al 2H] A5s AbT R

. WDM & AlAHQ| RHZ ALY d5

oo

WDM A AlzHle] $A1= A2 53123l 40
Gbps 128(=27) PRBS(pseudo random bit sequence)©l|
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3 7= ‘{—7-‘- —'E 247 #olA] tholo =g mdlgls}
o] & A4 48RS 960 Gbps (=24x40 Gbps) = 3151
3714 2 H 9/] 3 Wzr|23E A== 2kt
A 7%= 10 dB2] 23] (extinction ratio)
5 2= RZ @49 23 7RI FAa melsiglrt
247121 WDM A3 ALS5E e137] (MUX)el
—’]EH sl ¥ % aii ALE), vEsksEo] A
2470 A AEELS OPCellA] g wighz]e]
‘JrUW A e dJJr?‘f& % DEMUXeIA 7+ Ad
He PeE F pAl7|2 2uizicl OPCE Hal &
U4el 49} g} sle}v]e] S z-= HNL- DSF (highly
v X3 oAl

P g
r_u

nonlinearity - dispersion shifted fiber)E
2z 2R mdEEiick 24 Ad F A A H
deo] 4l 32 1550.0 nm 2 7[A31933, 7 WDM
AL FA FIFELS ITU-T Axel vzt 100
GHz (& 0.8 nm)2] 53 7407 B3lslo] ts}
AP weba] 24709 A1E FAE(1550.0~1568.4
nm)¥} o]59] Fls} FAFE(1531.1~1549.5 nm)
25 Zw 8 [14]0419) LA deix]+= OPC
W3l §89] 3-dB td=Z glol] E3HEc)

FAE 5 dBO] A ASE Zde AA] FF, 1
nm HedZe] 3 FE], PIN tho] o=, BE|$)~ 3e)o)
Hx Ay o} wpd Fzm 7Y 2y Ag

(direct detection) HV‘L] FA7| 2 mdgsigdch Al
A Z-L 0.65x0| EER 71313

(e3

PAE B 3= _]f‘_gﬂ &3} H]/Hsﬂ EJ,]._O,] o1 gES,
Aonlq Ashshs 2 ApdEE nlAY 4As9A W
2] (NLSE; nonlinear Schrodiger equation)el ]3] 3%
Ao QT BRe vy w9 3
SPMRHS- 372{3te] NLSES 7 3 78]l (SSF;
split-step Fourier) 7|Hell wje} AlEH A slaich

AR s BHE S wAL 24749
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I 2 F 13} o] A =l=e] Fxr) 4t o)
£ 75l wbM Ad 5 2ot 49 EOPE
precompensation©l] 2]§F NRD<] W3} (27 2(a)<}
(c))®} postcompensation®l] °]gF NRD®| s} (=&
2(b)%} (d)ell vt vepd Zlojck 41 AA AE A
27} A3 (1,600 km), 7+ A 77+ SMF ZAo]7}
o TRl e Adee] Ao R £ oA et

7 o ook 21 29 (09 ()] AE B,
RDPS7} 250 ps/nmi AAR B=ellA 14, = 80 km

Ps =-5 dBm(—®—) & Ps = +3 dBm(—2—) in L = 800 km, /. = 80 km
Ps = -5 dBm(—®—) & Ps = +3 dBm(—O—) in L = 1,600 km, /, = 80 km
Ps = -5 dBm(—A—) & Ps = +3 dBm(——) in L = 800 km, 1WF 100 km
Ps = -5 dBm(—¥—) & Ps =+3 dBm(—v—) in L = 1,600 km, [, =100 km
5.0 - :
AN T
45 i
40 ;
35 / i
3.0
- I/
m 25
= 4/
o 20
2 ]
g s /
—Y
=
05
0.0 ‘
0.5 T T
60 -50 -40 -30 20 -10 O 10 20 30 40 50 60
NRD [ps/nm]
(a) RDPS = 0 ps/nm, precompensation
Ps = -5 dBm(—#—) & Ps = +9 dBm(—0—) in L = 800 km, /., = 80 km
Ps = -5 dBm(—®—) & Ps = -2 dBm(—0—) in L = 1,600 km, [, = 80 km
Ps = -5 dBm(—A—) & Ps = +9 dBm(—4—) in L = 800 km, /= 100 km
Ps=-5 dBm(—¥—) & Ps= 0 dBm(—v—) in L = 1,600 km, /= 100 km
5.0 ,
1]
AR Jali
\ )
ol WY\ v |
TN c %
35 \ S i
m\ \ / /i
3.0 \\ /[
L [y
o 25 = L
= o AL /
a 20 — M,
S o] T IN LTy
w 15 = —R -
v— _— /$
10 o —V
— K
05
0.0
0.5

-60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60
NRD [ps/nm]

(c) RDPS =
1% 2. NRD H3ldl] w2 <} Ade] EOP

250 ps/nm, precompensation

o)1 L = 1,600 kmel HIAZ E3) A} AH (Ps)o]
-2 dBm¢l WDM ALEE& #$sh= 792 EOP
o] lgye = 100 kmo|aL L =
3 JxF A=e] 0 dBmel WDM AEE5S A453s
73-9-2] EOP 545r} A4 NRD W9]ellA 53
el oAk o]z il A Aol wiiel et
i Astola FAF Ak AHE sl Ig = 80
kme|i L = 1,600 km<Ql -8} g, = 100 kmo]

= 1,600 kmgl 7-5-|#12] EOP 54e] v o
iﬁ}?ﬂ dolxlc} (AlE#elAd A3 I = 80 kmo]iL
=

Fo

= 1,600 km¢] =) ¢JA} HHo] 0 dBmal Ak
& A%3F 7% EOP= 2E NRDOIA 10 dB ©]4]
2 doid 7] 2ef] el edskeh.

Ps = -5 dBm(—#—) & Ps =+3 dBm|
Ps =-5 dBm(—®—) & Ps =+3 dBm|
(—4—) in L =800 km, [

( )
( )
Ps = -5 dBm(—4&—) & Ps = +3 dBm|
Ps =-5 dBm(—W%—) & Ps =+3 dBm(—v—) in L = 1,600 km lge = 100 km

ST 1]
NERY] ey
“TN i}

J\\\ /3

RN AR/l

\g_o— i/
Y

| . Vx//y

0.5 = — 8~ =

| e

-0.5 +——————————————————————1f—
-60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60

NRD [ps/nm]

—+—) in L =800 km, /=80 km

SME
(—0—) in L= 1,600 km, [, =80 km
=100 km

EOP [dB]
N
o

(b) RDPS = 0 ps/nm, postcompensation
Ps = -5 dBm(—8—) & Ps = +9 dBm(—0—) in L = 800 km, /= 80 km
Ps=-5 dBm(—®—) & Ps = -2 dBm(~—O—) in L = 1,600 km, /=80 km
Ps = -5 dBm(—A—) & Ps =+9 dBm(—~—) in L = 800 km, [, = 100 km
)

Ps=-5 dBm(—¥— =100 km

Y
\X /
sl 4 J
30 \ / /

i

&Ps= 0dBm(—v—)in L = 1,600 km, ISMF
5.0

[/

4.0

/
= Cha

!
o
A\

25

S

B —a /d —N

EOP [dB]

0.5

0.0

-0.5

60 -50 -40 -30 -20 ~-10 0 10 20 30 40 50 60
NRD [ps/nm]

(d) RDPS = 250 ps/nm, postcompensation
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a8 25 8 o J\—‘E 7V F8g A %
19] 874 AH &=z 2ol precompensatlon_i
NRDE F43h= 7499 4;‘—1 NRD+ +10 ps/nm®]
3, postcompensation .2 NRDE ZA35l= 7392 3
%] NRD+= -10 ps/nmeh= Zeolc) 53] o]efdt 542
Lot 33 AA AE A7 245, 22]3 siab A
Ho| 5 WA vehes 2S5 ik

% 32 precompensationit2. 2 NRDeol| H3}&
FE 7$-oll4= NRD7} +10 ps/nme] A2 AA|
H A #3as Ed (2™ 309 (¢), post-
compensation%F2 2 NRDel| W35 = 7 follH=
NRD7} -10 ps/nm®| HAA| 2 AAE A% =25 &
& (25 32} (d)) WDM AHEE5-2 AEA51S wje]
F et o] EOPE A AHel we} ‘4‘5}‘34_ Zlo] a1,

=

D = 0 ps/nm¢&l 73-$-ollxe] <t A
de] EOPS} H|aLsisict
1 dB EOPE 41 A59] 7Ieew, 2fa o] 3t
ol3le] AsoR FalEle Al AHe] WE
] Helzka 7494?‘4‘”31 87k "= 72|
2 WelE & 20 A=tk 41 RDPSe
Aglo] lge = 100 kmo]i L = 800 kme] -3,
Lo = 80 kmo]iL L = 800 km2] %, g, = 100
kmo]x L = 1,600 km®] FZ, [, = 80 kmo]1 L
= 1,600 km®] :[L Fo2 87 Al A= WYy =
7Bk e o 5 siek
%] 33 % 25 58l & 7] el Relek 3 A
1= RDPS7} 250 psinm®Z A7A1E 3 Zell4= NRD

NRD = 0 ps/nm (—s—) & NRD =+10 ps/nm (—0—) in L = 800 km, [, =80 km NRD = 0 ps/nm (—8—) & NRD = -10 ps/nm (—03—) in L = 800 km, /= 80 km
NRD = 0 ps/nm (—@—) & NRD = +10 ps/nm (—O—) in L = 1,600 km, /,_,, = 80 km NRD = 0 ps/nm (—@—) & NRD = -10 ps/nm (—O—) in L = 1,600 km, /,_,, = 80 km
NRD = 0 ps/nm (—A—) & NRD = +10 ps/nm (—2—) in L = 800 km, /,, = 100 km NRD =0 ps/nim (—&—) & NRD = -10 ps/nm (——) in L = 800 km, [, = 100 kim
NRD =0 ps/nm (—%—) & NRD = +10 ps/nm (—7—) in L = 1,600 km, [ =100 km NRD = 0 ps/nm (—¥—) & NRD = -10 ps/nm (—#—) in L = 1,600 km, [ = 100 km
4.0 4.0
35
3.0
25
o o
D, 20 k=2
& &
m 151¢ w
1 W
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