NRZ 414 ©]-8-3 40Gbps WDM A 251¢] )5}

o)FFx - FE* - o] EAx - HYEw
Numerical Optimization of NRZ 40Gbps WDM systems

Jonghyung Lee* - Dachyun Han* - Yongjae Lee* - Byeongyoon Choi**

ill]

0 =22 20061 SChEm BH&017H|(2006AA148)S X| 2ot

Q o

40Gpsi Zabahs WDM)\]}\E“,] AE AA8E Y8 21 542 numerical simulation & E3] <o} B gt} o] wj
FAFE MR Y S HL Y BE 99 BEZ Mg oH, B ] A 7Y ashd A de AHSE
3 Y NRZ W4 S AHE3HAT. o] & 40Gbps o] MZ2E Al2d S **ila}” BT 71E A=A 7 Ad
9 %ga 40Gbps= F7HNA2M HF AF LTS F4AE B -8 137 diolth $4lte] B
(optical % electrical) 54-& & A s}ets M4t B ‘3! PHANF F7]9] AA3E T3 /]S v @Y 2=
B4 T2 f 480km (BER < 10-15) 7HA] A8 = 3158 d34vh EF A2 9] %5 0] EDFAS) ASE k0] 2 §4
ol o3 ZA A E o, g F %Ei‘ A E4o] 5dB o] 4 A ¥, Gaussian 2% 2 THE Flattop =%
o FEEt s AN o frEEhe o 4 AN

el

d

ABSTRACT

40Gbps WDMSystems have been studied by numerical simulation to optimize their performance. Standard single mode fiber is assumed,
and the most popular modulation format, NRZ, is used for the study. These assumptions are valid when existing WDM systems are required to
upgrade their performance to 40Gbps. It is shown that the standard single mode fiber can transmit optical signals over 480km (BER < 10-15)
by optimizing optical and electrical filter characteristics at the receiver and by compensation of dispersion. In addition, when the system
performance is mainly limited by ASE noise of EDFASs, it is found that flattop-shaped optical filter at the receiver gives a better result than
Gaussian-shaped filter unless the insertion loss of the optical filter is larger than 5dB.
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Fig. 1 WDM Optical Fiber Communication System
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o EF <) ALAIE o ZANe) A D
9S T RO dadgen Fohfuz gt A]:Q: Transmitter Parameters
o] Wz A& 7 &l 7 d 8 AFE-E 3 9l NRZ Bit rate NRZ 40Gbps
218 7135k ok Channel spacing | 100GHz
External Extinction ratio > 20dB
modulation Chirpless
Span Parameters
I. 2 Attenuation: 0.23 dB/km
Chromatic Dispersion: 16 ps/nm/km
- - Standard single | Slope of dispersion: 0.08 ps/an/km
. FAT EEHY A

2_ LA dH e 3 = ) . ) mode fiber Effective core area: 80um2

# - 40Gbps Al 2§ 9] 4ol A A7t 3] o] Nonlinear refractive index:
Solx 1 o}, FAge] Fe 546 BE 4% B4 26.10" m’ /W
& 7% 9] E.Jl7} O] -?«O-] Z} X] ok O‘E}— 1\’_]‘ ) 7_} a Attenuation: 0.5 dB/km
TEA =Y=E = " Dispersion Chromatic Dispersion: -90 ps/nm/km

ol M= Z.7)(EDFA)S w0l =) 93] Al A o pensadon Slope of dispersion: -0.0890/16 ps/nm’/km
g Mol A A3 wtong A o thEEy) ]f):ber Effective core area: 50pm’
(DeMun® °| 72 sl Fae s} 4 AEF2) 1714 iy
0. m

HE e EA A= o] 3FHLEL. & o
EEi’] = oﬂ U}ﬂ' 1383 0] a;ﬂ OUJ:C = T /\)\q- Receiver Parameters
2o xe o tFstr]9] P 54 o] Gaussian I Gaussian or Flattop shape
Flattop . F 2] F 7HA] 3$-8 aejstion, & H4&7] (HAEH-0)
Fo 1714 2= 5A WA Qe 2 M Sk & o Optical receiver | . -\ exp[ n J"[ f-f ] ]
FollA ALEE T 9 T8 AlEHH MFES E 19 filter /2
Aasg ). n=1 for Gaussian

23 12 WDM BB A 299 Ao 40 A3 ) — o

) } N Q-estimation | Gaussian approximation including ISI effect

48 29EY 9 back-to-back 22 972 ¥ 9 Photodiode PIN
193.42THz A4 =3 &l (Eye pattern)-2 &7 LhEbA A o] Electrical Fitter | 5™ order Bessef LPF
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a%2e % BHe A7Y ZE 9 3dB HEFo|
30GHz 9l /)90GHz, 20GHz °| A 60GHzE 2z}z} W3}
g w9 Qfactor® IH FHolt (HELEL

BER=- —erfc( f_)«l AN 2L % o))

oluf A& f=19341THz & FH 22 3 A& 7+ 8}
gom, F47)8 A7) Aol o] B f+= itk 7HA
itk E2H ZZ 7] (booster amp) 3-2] OSNR (Optical
Signal-to-Noise Ratio)-& 100GHz 9] rectangular resolution
el 93 20dBR ZA = A AA st FA= 4
A do] & 4 9= EDFAY] 49 oj2E REY 3}
At} Q-value™ A 2aHE £0]7] Y3 7} Ad 7
210 H]Eof &% 100 9] A EH o] ZE HHd A
o| TH5].
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% 2| 9] 3dB U9 o] 56GHZ, 17| A e g9 %
°] 34GHz¥ W #H AFE(Quax = 11.57) HEHHOH, 3
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50GHZ, 717 T8 9| tf 9 Fol60GHzY o H gt
(Quax =12) < VEFUISITE. 2211 Q & 433 W2
T FG BEEA G A DR gyt A=, 3 2
E{7} Flattop shape ¥ 7% % ZE 2 3dB g Zo]
56GHZ, 21713 B&] 8] o) & % 0| 34GHzY W= Q=119
2 Hugdy & ol JeURA &gt 339
simulation | 4] Bl & ¥ 3 Gaussian R E & A}&3}
He B4 A3 Y F FE S Flattop 4= AHE
ok 2929 s £ 4 53] Fattop 20| 9 o
3| vt S B4 VeSS 9 4 it ey
dutdo g o tF3r)e AWG(Arrayed wavelength
grating) 222F2 A 2= £ Fattop B9 B+ A44E
“d(insertion loss)¢] ©]< AZttn &alA 2101 o|& 1L
2139 Flattop RE 7} 83 8 54& Jehdox
=g 586 olE E o ANy 5 242" mE
2 2 Uzd 5xd2e) WDM A|2®loA] FA] OSNR =
20dBZ 3% 7% Flattop ZE 9] AFl&A 0] o= 4
EQ#dl FFE XA E A B ol st 143
2400 A EHOIA 2AE BET A2 o 53t
719} % FE7 AdE4 o] Y1 Gaussian 49| Q &
3} Flattop B €] &) A& o] F71E o] Qat& vl 2 g
Z o]t} Flattop 2 E] 2} 4+$1 &4 ©] Gaussain  E o] v] 3}
5dB o|At A YT, Flattop E|E AR 02 Q 3
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Fig 2. Simulated Q values (a) Gaussian optical filter
{b) Flattop optical filter
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Fig 4. Q values as a function of compensation ratio
(a) transmission distance = 80km,
(b) transmission distance = 240km
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Fig 5. Chromatic dispersion compensation
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