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ABSTRACT

We report 1.6 Tb/s (160x10 Gb/s) WDM transmission over 2,000 km of single mode fiber using distributed
hybrid(distributed Raman amplifier+Erbium-doped fiber amplifier) optical amplifiers. After transmission over 2,000
km of single mode fiber, average optical signal to noise ratios of C/L-band were 20.5 dB, 21.9 dB, respectively.
The minimum Q-factors of each band were 14.65 dB (BER=5.8¢-8) in C-band, 13.75 dB (BER=5.0e-7) in
L-band without forward error correction. We performed 1.6 Tb/s error-free transmission over 2,000 km of single

mode fiber using Reed-Solomon (255,239) forward error correction code.

I.ME2 el A3 = 9lA o] dloly] Egjge] &

3] Z7kslar olck olzgh dlole] EjEe] FlE

FH Qe yle] RFo 7 glsle] AAFCRE dHo] 4317 e geer AAR BAE A2E

B Edjge] g4 EFE oln] FYssled T&o] wk=A] Fashe ofof digl w2 A} 2
Z7}F FAe A% = sek =] Yeklldx 7 7} =3 deh1].

Zuhc} ADSL(Asymmetric Digital Subscriber Line), 7l &= ASS fEide Be s 88

o]2 wdl  VDSL(Very high data rate Digital e W o5 g Za F2 ASATE 2= #

Subscriber Line) 5] Hgwo] Sy} A=A <l ZZ 7)%o] sk 197080 Mol Ao 3

rm

AzHEAled 7] s dul 1 WDM7|% 9 (hanjinsoo @etri.re.kr, shchang @etri.re.kr, Thj@etri.re.kr)
‘%«r 13 :030574-1226, A5=} 12003+ 129 269
ATE AREA Axrub|Eriiag] 3 e Ed WDM SPASA 2R 7]Ee] dgke R SeEglgch

Copyright (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr

"\{I



=52/16 Ts (160x10 Gbjs) WDM A& 9] ¢+ Z= 345 2000 km A4

Aol et SFo] AQdXl o]F= hit T5 7] AR FEF71E A ARSEe TRl & &
&2 Y2 dde] BF5E upges IS ol $t AF 2Rt FE717) oF A7 AR T el
Ak o8 A7} B34S ZE7|(Erbium Doped Fiber A AR FE7|9| 9% ok #AH 2 557
Amplifier : EDFA)el| B]3}e] Atz oz J& 3ls o} ol F A7} BAF FIF71E FAl ARSs, e
Hkolr} 2 F2 &Y vl A HE oz 5L B 7= B £ Y F glerng 3
2 FL o|5E Ze =t FF)9 o] 715 A Re)| Q7fE]= BAlse] A71E o] vy &
2] d<bs] s dTEa 9o s AlxH s Y T 3, olE A BRS04
o A5 o]g=a qlck 53] AAE] FHFe] 8 = 2A o] FAEH ASH](Optical  Signal to
g Lol A HkeA] Qg 7|EEA ks 9ok Noise Ratio : OSNR)E ¥ <= QltH4,5]. =gk o
ol F A7} A 55719} viad= 2t 55719 o] PEhg A Y ol AA Hukgt
A2 A, B Ho]Ae| s wet sk I 2hat o]5-& & 4= Qlriel.
Aol A FFZo] 713k of=] ] P= HolHE g, Forward Error Correction(FEC) 7|%-2- A3}
ARSSIE Wl HERE o]58 dS 4 9leH, &, A AL Ase A FHA 4 tH7) Reed-
olF A7l FAFe 2 5Hd BA FARU) Solomon (255, 239) FEC Z=r} 7P¢ de| 2:e|w
Fg3lA] o gt FAfolE A8 5 glow, 3om, o] FAINA 7% ¥} H|EE F7}
AR, o8 A7t FAF FZ7] vzl 571 A4S sle] ZEslar AR o] Frt HIES Fa o
#]“*(Equivalent Noise Figure)”} 2tH23]. =2 zohfa AAF = gk

gtk Z%7)= =4 A58 (Lumped or Discrete), B l=Fol|4]i= 1.6 Ths 2859 J}o —% o 4l
418 (Distributed), 233 (Hybrid) Al 7FA| 2 F-2-g F2 B3s elul Z=Zs)9} FEC o a5}
Ttk A, AEY 2t FE7) = Uil 22 thel wr #AS 2000 kmell #H% fz Ay Ads
217 SBAR7E EAElaL of7]el PHste] FEsh= X arghel
Txolvk A, w4 2Rt 357\ (Distribtued
Raman Amplifier : DRA)E 428 AMEE 34 . &8 %z

froll s} FEshe Frolch A, By e
% FE7) #a eb SE7)0RASH ol A7t 48l B2 A 2000 km A AW RS

=
18] 13} %t} DFB-LD(Distributed FeedBack Laser

*AWG :Arrayed Waveguide Grating
+AOM : Acoust-Optic Modulator
*C/L-WC : C/L-band WDM coupler
*DGE : Dynamic Gain Equalizer
*PPG : Pulse Pattern Generator
*RPM : Raman Pumping Module
*SMF : Single Mode Fiber
<4

C/L-wC SMF

(80 km) R

a8 1 2 2e FAF 2,000 km A AP FAE

Copyright (C) 2003 NuriMedia Co., Ltd. 713
www.dbpia.co.kr



54185 =] "04-7 Vol.29 No.7A

Diode) 5 # o2 ARE3IlaL AR TU 18]=2l
1530334 nm ~ 1561.826 nm ol Zx3l+= 50 GHz
71A2] Cband 80 23} 1570.828 nm ~ 1604.026
nm o 23] 9lE 50 GHz 7+2¢] Lband 80 A4S
AHgslgdt) Clband= 27t & AERE 40 A
94 gl 100 GHz A ZHA9] Y =ok=
314 Z2KArrayed Waveguide Grating) 4 715 A8-3}
of 7zt ciEslelsdc). Zhzke] wid =g 3 A
2} 222 LiNbO3E % X-cut Mach-Zehnder £]% ®

Z7)2 AH8-3}e] 10 Gbjs NRZ(Non-Return-to-Zero) Ht
Aeog wxzslglen 2.1 Zeo|e] PRBS(Pseudo
Random Bit Sequence) &S AM8-3lgict 7} w2
2 AP 50:50 3437 ](optical couplen)E A}
43le] 80 AR thiEslsle] 22| 3y 3]
(booster amplifier)el] $1=slgict. FAY FF7|2| F
Zroll& shte] Wxr|E ARSRte = WAE 4 9l
= A Aol At dAE dlasta Ax] BARS
3}7] 918} -340 ps/nm(@1550 nm)el] el EAk
wBAF SRS ARl

Ay Z2E7)9) 23 Az ol me B4
80 kmE wel AL F ogusF JgE= 4
2t ZEZ7|DRA)E FE3I9ick 539 Fls=
#8122} 50:50 37237 ](optical coupler)E 53}
| Bz 2 qiHEch Ba9xe) AN
A Akl AL 6 dB Aeolth FF= i o
o] = AR 80 km F 7He] F7te] glom 3k
EAL T ool B3te B35%7|(Hybrid  Optical

g o

Amplifier : HOA)Z FZ3iich. 531 #5371
HOA):= #4HY 2kt S57IDRA)S} 1+ 37} 2

A Z=Z7|(EDFA)RE TAEe] 9k F 1419] Ei}
g FEEo)oA R A7} AR FIF] PR
ZF7Yoll= -1360 ps/nm(@1550 nm)2] FARS Z % s
b BAF BARE ARgste] el == AR 80 km
ol Ae] AR BAFSelch 6‘&“ T A oE5 A7t
G ZEZ7)ell= gl8 F-Eell AOTF(Acoust-Optic
Tunable Fllter) Hhalel 5 o]5  53}7](Dynamic
Gain Equalizer : DGE)E AH8-3}] 3]3(H% =
9¥ H1E=ll)7} 71wt Bk S50 o5

T3-S Frislsiict o)} o] A FFE

l A 25 123)4ske] 9 B= 34 2,000 km
A5e FsGck FFEE e Ase
C/L-band ARz FE7)|2 FEH|ow, ﬂﬂ‘l =
Z7)o] WHelli= -85 ps/nm(@1550 nm)2] FAHS 7
B 2 2 A 2= 38 Alse
Sle 2] ¥ (interleaven) S £l 7} iz 40 Ade]

Copyright (C) 2003 NuriMedia Co., Ltd.

1 LR FelEdch 2 EelE 4 749 40
52 ohA vl =92 3d AzHAWG)E
3 N AdR AogsiEdol JolgE AdE
< PIN Z5Al71e0 slE=E]ol 2 Ase]l A+
Ak

Ag Agel A B3l S35Z7|HO0A)S T
Z= 29 20 et Qe ﬂ—*w g 2Zy) »
3 o8 A7t BAF T HEeE FAE
SUTHE]. #4H 2t 3l 2wt H9 2 9 2
gal= A3 E I 2 53] (Wavelength
Division Multiplexer : WDM)& ZA§slo] whel we
P4 80 kmell HWeF FYgFo 2 T} £
A 2t 2712 $ER As= 7P 315
7 C/Lband 1% #H7F FAF SF7|12 dHEch
Zt 8 A7t AR $3719 Ftele 4 B4
X E(Disperison Compensation Module : DCM)ZA]
Ab B RS 2Rl slon 7 HA o5 £
={Gain Block : GB)?] H& =43p7| flste] 7
7}4) 7| (Variable Optical Attenuator : VOA)S £3}
stz glok =3 FF7)9 o
2 314 ZA2Grating) W19 o5 53t TE|(Gain
Flattening Filter : GFF)E AM8-313ic)k C-bandellA] 3
o FE7] F2E AR AL 2 )6
L-band®] A& A]9noise figure)”} C-bandel] B]3}o]
L8l g Chand o8 AH7F BAAH 3719 A
45 G o] FspluEelrtt o}5 &5 At
ole] &£Alo] 2EE AA FFV19 S AFe

=

P

: :
| Raman Pumping |
1 | Module !

....................

SMF : Single Mode Fiber

DRA : Distributed Raman Amplifier
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VOA : Variable Optical Attenuator

GB : Gain Block
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DCM : Dispersion Compensating Module
GFF : Gain Flattening Filter
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