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Fiber-Grating-Based Optical Lim iting

Am plifier Module for Du al-Wavelength ,

Hybrid Data Rate Tran sm ission

SHIEN-KUEI LIAW

SIEN CHI

HORN-YI TSENG

Institute of Electro-Optical Engineering

National Chiao-Tung Unive rsity

Hsin-Chu, Taiwan

A m ultichannel fiber-grating-based optical limiting amplifier m odule is proposed.

Dual-wavelength, hybrid data rate transmission is dem onstrated with 30 dB input

dyn amic range. For 5.0 and 2.5 G bit r s dual-channel transm ission in a 200 km

single-mode fiber, power penalty due to gain com petition between channels and

backreflection noise is less than 0.6 dB com pared to the receiver sensitiv ity of 0 km ,

5.0 G bit r s single-channel operation.

Keywords dispersion compensating, fiber Bragg grating, input-power dynamic

range , optical limiting amplifier, wavelength division multiplexing

( )Erbium-doped fiber amplifie rs EDFAs rapidly increase the progre ss of 1.55 m m

optical fiber transmission, since they ove rcome the link loss caused by branching

w xand r or tapping and fibe r transmission 1 . For maintaining receiver sensitivity in

high-speed r long-haul transmission, fibe r chromatic dispe rsion compensation using

( ) w x ( )dispe rsion compensation fibe r DCF 2 or chirped fiber gratings CFGs inte -

( ) w xgrated optical circulators OCs 3 is necessary. Howe ver, fibe r span may be

( ) ( )limited by optical loss of single-mode fibe r SMF , or insertion loss of CFG s

( ) ( )integrated O C s . Optical limiting amplifiers O LA providing high-input dynamic

w xrange are potential candidates for solving the se problems 4 . In this letter, we

propose and demonstrate a grating-based dual-pass EDFA acting as an O LA to

( )amplify dual-channel, hybrid data rate 5.0 and 2.5 Gbit r s modulated signals.

( )Input dynamic range and bit-error-rate BER performance of the grating-based

O LA are measured and discussed.

Exp erim en tal Setup

The experimental se tup is depicted in Figure 1. For the first expe riment, one

( )distributed feedback DFB lase r source at 1548.5 nm is exte rnally modulated by
15 ( ) ( )5.0 Gbit r s 2 y 1 pseudorandom bit sequence PRBS non-return to zero NRZ
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S.-K. Liaw et al.20

Figure 1. Experimental se tup: PC, polarization controller; MOD, external modulator; OBPF,

optical bandpass filter; RX, optical receiver; BERT, bit-e rror-rate test set.

data stre am. The signal is then amplified by a boost EDFA and then followed by a

100 km SMF with optical loss of 0.22 dB rkm. Anothe r 100 km SMF is arranged

( )afte r the OLA module. An EDFA without isolator is located afte r port 2 of the

O C in the OLA module . A CFG is used for both signal refle ction and fibe r

chromatic dispe rsion compensation. The interport isolation is 50 dB, and the

inse rtion loss is 1.0 dB for the OC. The CFG has 95% refle ctivity and 0.4 nm full

( )width at half m aximum FWHM at 1548.5 nm. The circulator-grating combination

exhibits a total insertion loss of about 3 dB. The amplified spontaneous emission

( )ASE was gre atly reduced because of the narrow-band filtering effe ct of the CFG.

The saturation signal output powe r of this O LA is about 9.5 dBm. For the second

experiment, to confirm the fe asibility of O LA for dual-channel or multichannel

operation, another DFB lase r source at 1552.8 nm is externally modulated by a 2.5

Gbit r s 2 23 y 1 PRBS NRZ data stre am for dual-channe l operation. A fiber Bragg

( )grating FBG has 99.9% refle ctivity, and 0.2 nm FWHM at 1552.8 nm is connected

in series with the CFG, as shown in Figure 1.

Results an d Discu ss ion

Figure 2 shows the measured signal output powe r as a function of input powe r for

( )a one -channel at 1548.5 nm conventional EDFA and O LA, and two-channe l O LA

by adding the 1552.8 nm channe l. For single -channe l O LA operation the input

dynamic range of the O LA is as high as 30 dB because the signal is amplified

( )be fore and afte r i.e ., twice be ing re flected by the CFG. Here the input dynamic

range is de fined as the input powe r range that maintains a power leve l within 3 dB

down from its pe ak power value . The link budge t of O LA is improve d from 2 to

20 dB when the input power leve l is decreased from y10 to y40 dBm. The result is

similar for dual-channe l ope ration. For the OLA the relative ASE power is much

large r at lowe r input power than that at highe r input powe r because the gain of

O LA is suppressed in the latter case , and the ASE powe r decre ase s accordingly.

The measured BER perform ance of the 5.0 Gbit r s signal in back-to-back, 200 km
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FBG -Based OLA Module for Dual-Wavelength Transm ission 21

Figure 2. Me asured signal output power as a function of signal input power for a one-chan-

( ) (nel at 1548.5 nm conventional EDFA and OLA, and dual-channel at 1548.5 and 1552.8

)nm OLA.

transmission without or with the 2.5 Gbit r s modulated channe l signal is shown in

Figure 3. The received sensitivity at 10 y 9 BER for the base line is y39.6 dBm.

When only the 5.0 Gbit r s channel is transmitted, the performance degradation is

0.9 dB for a 200 km SMF transmission with a CFG-integrated O LA compared to

that of the 0 km base line condition. The power penalty is mainly due to the

( )Figure 3. Me asured bit-error-rate BER performance of the 5.0 Gbit r s channe l signal in

back-to-back and 200 km single-mode fiber transmission with and without the 2.5 Gbit r s

channel signal.
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Figure 4. Measured BER performance of the 2.5 Gbit r s signal in 200 km of single-mode

fiber transmission with and without the 5.0 Gbit r s channe l signal.

re flection of ASE and amplified signals from connectors. When anothe r 2.5 Gbit r s

signal is added into the system, a furthe r 0.6 dB powe r penalty occurs due to gain

compe tition between the hybrid channels and multiple refle ctions from the connec-

tors. Note that the 5.0 Gbit r s channel signal is refle cted by the CFG, while the

amplified 2.5 Gbit r s channe l signal will pass through the CFG and continue its

forward propagation until it is re flected by the FBG.

For the 2.5 Gbit r s signal the received sensitivity at 10y 9 BER is y39.5 dBm,

as shown in Figure 4. Negligible power penalty for a 200 km SMF transmission is

obse rved when compared to the pe rformance of a back-to-back condition whe the r

the 5.0 Gbit r s channe l is added or not. The measured BER results confirm the

feasibility of FBG-based O LA modules for dual-channel or multichanne l ope ra-

tion.

Con clus ion

A multichannel FBG-based O LA module is proposed. Dual-wave length, hybrid

data rate transmission is experimentally demonstrated. A powe r penalty of le ss

than 0.6 dB is obse rved when the system perform ance of dual-channe l is compared

with that of single -channel operation. The OLA module with the feature s of both

dispe rsion compensation and high-input dynamic range may find potential applica-

( )tions in high-speed and dense wave length division multiplexing WDM lightwave

systems.
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