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Waveform Restoration in Semiconductor Optical
Amplifier Using Fiber Loop Mirror

Kit Chan, Chun-Kit Chan, Wai Hung, Frank Tong, and Lian Kuan Chen

Abstract—In this letter, we present a simple and effective
interferometric approach for waveform restoration in semi- T S0 | T
conductor optical amplifier (SOA) using a fiber loop mirror.
Pattern-dependent distortion caused by gain dynamics of SOA
can be compensated. With our scheme, enhanced input power e
dynamic range of 7 dB was achieved. For data sequence with
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different pattern lengths, both significant waveform and extinction 10 Gbls
ratio improvement were obtained. NRZ PRBS (b) Proposed Scheme
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[. INTRODUCTION Fig. 1. Experiment setup. OVA: Optical variable attenuator. SOA:

. . Semiconductor optical amplifier. ODL: Optical delay line. BPF: Optical
HE SEMICONDUCTOR optical amplifier (SOA) has re-pandpass filter.

cently attracted much interest because of its wide appli-
cation for inline optical amplification. Its attractive features, Il. SCHEME AND PRINCIPLE

including broad gain bandwidth, compactness, and potentially N . . .
: - . . For an SOA operating in saturation regime, the decrease in
low cost, make it a promising device for future lightwave

. . .carrier density results in gain suppression. The leading edge of
networks. However, when the SOA is operated in saturation ., input nonreturn-to-zero (NRZ) pulse experiences relatively

rgglme, its fast gain dynamics caq;es pgttern dependgnt d'.smﬂ'ch larger gain than the other part of the pulse, thus intense
tion, in such a way that the amplifier gain greatly varies witQikes are resulted at the leading edges of the amplified signal.
the waveform of the input signal. The amplified signal waverpe output signal waveform is severely distorted. In addition,
form suffers from severe distortion, and thus greatly hindefise signal extinction ratio is also degraded as a zero-bit expe-
the deployment of SOA in real-life systems. Different schemegnces a much higher gain than a one bit. Concurrently, due
have been proposed to suppress such waveform distortion,tmthe fact that the output phase of the signal is dependent on
cluding light injection [1], shifting the output wavelength [2],the signal gain in the SOA, the difference in gain at the signal
and gain clamping [3], yet these schemes had their own lifpulse’s leading edge from the rest part of the pulse also results
itations in terms of complexity, gain consumption, and sign#} respective phase difference [5]. In our proposed scheme, we
bit rate. make use of this relative phase difference phenomenon to sup-
In [4], an interferometric approach was proposed to alleviaf§€ss those intense spikes at the pulses’ leading edges and to
such waveform distortion in which the SOA was placed &f'Prove the signal extinction ratio by placing the SOA asym-
one arm of a Mach—Zehnder interferometer (MzI). The 2_dgletncallym a simple fiber loop mirror, as shown in Fig. 1. The

improvement in input power dynamic range was demonstrat'é](?Ut NRZ optical signal is equally split into clockwise (CW)
P . Ip' tp ted )I</IZI ith S%)A MZI-SOA). | and counterclockwise (CCW) propagating signals in the fiber
using commercial integrate Wi (MZI- )- nIoop mirror. When each of them passes through the SOA and

this letter, we present an alternative interferometric approaghmpines again at the 3-dB coupler, interference between these
using a fiber loop mirror, which not only has the advantagg,, counterpropagating signals occurs. The overall signal gain,

of simplicity and easy integration, but also is very effective igy . (¢), obtained at the reflected port of the fiber loop mirror
suppressing the excessive waveform distortion and thus grea, be generally written as [6], [7]

improves the input power dynamic range. In our experimental

demonstration, we achieved 7.5-dB enhancement in input @G  ..u(t) = E(GCCW(t)JFGCW(t))

power dynamic range in 10-Gb/s single-wavelength signal 4 1

amplification. + 5\/Gccw(t)am(t) cos (Ag(t)) (1)
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confinement factor and\¢(¢) is the time-dependent phase
difference between the CW and CCW propagating signals
after they have returned to the 3-dB coupler of the fiber loop
mirror. Suppose the SOA is placed with an offset to the left
with a temporal delay ofat from the center of the fiber loop,

the CW propagating signal reaches the SOAAdt earlier

than the CCW propagating signal. Thus the leading edges
of pulses in the former experience a small-signal g&#),
whereas that of the latter experience the saturated (@@i)

with G, > Gs. Therefore, the value ol¢ is large at the
leading edges of the pulses &gw(leading edgekx: G, and
Goow(leading edge)~ Gg. For the temporal region of the
pulses other than the leading edges, both counterpropagating
signals experience about the same saturated gain, that is
Goow &~ (g, thus the inducedA¢ between them is very
small. When these two signals interfere at the 3-dB coupler,
destructive interference takes place at the leading edges because
of the existence of significant phase different@ and this
suppresses the overall gain at the leading edges. In contrast,
constructive interference takes place over the temporal region
other than the leading edges. As a result, at the reflected port of
the fiber loop mirror, those intense spikes at the leading edges b)
of the pulse stream are largely suppressed. Based on the same
principle, the extinction ratio can also be enhanced as result

of suppression of over-amplified zero bits. Thus, waveforfig- 2. Optical waveform with-12-dBm input signal power for (a) direct
distortion is alleviated amplification and (b) proposed scheme using fiber loop mirror.
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I1l. EXPERIMENT

10 - T

The experimental setup is shown in Fig. 1. Light from
the DFB laser was modulated by a LiNp@odulator using
10-Gb/s2%? — 1 NRZ pseudorandom binary sequence (PRBS)
data sequence. A variable optical attenuator (VOA) was use!
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Receiver Sensitivity (dBm) at BER

to control the transmitted optical power. The SOA was put o Direct Amplification °

in a fiber loop mirror with a temporal offset akt from the -16 - ® Proposed Scheme ;5 4

fiber loop center. In the experiment, we achieved this tempora ——— >
adjustment by means of the optical tunable delay line (ODL). 5 -18 1 0 ° .

The reflected signal output from the fiber loop mirror was c0o00°® o . smant

directed out via an optical circulator (OC). To filter out the -20 s 2‘0 1‘5 1‘0 5 S

amplified spontaneous emission (ASE) from the SOA, an
optical bandpass filter (OBPF) was used before the receivel Input Signal Power to SOA (dBm)
For comparison, & direct amplification experiment was a'lsFo 3. Receiver sensitivity at BER @f) ~° as a function of input signal power
pe.rformed.as Shown in_Fig' 1(a) In the case Of.ﬁber lo ?.10.—Gb/s signal amplifi?elltion. Insets show tl;e respecti\?eueyéJ diagrams for
mirror configuration, the input signal power was defined as thfect SOA amplification and SOA in a fiber loop mirror when input signal
optical power sum of the two counterpropagating input signaigwer is—12 dBm.
entering the SOA. To ensure the input signal power used for
both cases were identical, the optical power at the input of tgain had enough time to be partially resumed, thus the zeros
fiber loop mirror was adjusted to be 4 dB higher than that inad higher gain than the ones, which resulted in significant
the direct amplification case, owing to the excessive inserti@xtinction ratio degradation. In Fig. 2(b), with the help of
losses resulted from double passing the optical circulator até fiber loop mirror, the waveform was much improved as
the 3-dB coupler. the over-amplified leading edges of ones were clamped by
Fig. 2 shows the waveforms of the amplified pulse traithe destructive interference between two counterpropagating
from the SOA for (a) direct amplification case and (b) ousignals at the 3-dB coupler. Significant improvement in signal’s
proposed scheme using fiber loop mirror for an optical inpeixtinction ratio was also observed, as the signal gain for zeros
power of —12 dBm. Owing to gain saturation, it was foundwas suppressed.
that the leading edges of ones experienced higher gain thae also measured the SOA input power dynamic range
the rest part of the optical pulses. Since the single bit durati@PDR) for both cases and the results were depicted in Fig. 3.
was much larger than the carrier lifetime of the SOA, the SOBhe receiver sensitivity was obtained at a bit-error rate (BER)
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. . " . Fig. 5. Bit error rate (BER) measurement of 10-Gb/s PBRS with lengths of
Fig. 4. Receiver sensitivity at BER ab—° as a function of temporal delay 97 _ { 215 _ 1 and22® — 1. Solid symbols: Proposed scheme using SOA in
offset of the SOA from the fiber loop center for 10-Gb/s signal amplification. fiper Idop mirror. Open symbols: Direct SOA amplification.

of 10~? against different input signal powers. For the case of
direct amplification, the rapid increase in the power penalty was
attributed to the distorted waveform and degraded extinctionA simple and effective interferometric approach for pulse
ratio due to gain saturation. It was shown that our propos@gveform restoration in SOA was proposed and demonstrated.
scheme has extended the input power dynamic range by mBseplacing the SOA in a simple fiber loop mirror configura-
than 7 dB, at a power penalty of 3 dB. The eye diagrams in tkien, significant improvement in both waveform and extinction
insets were captured at an input signal powerd2 dBm. ratio were achieved. Experimental results showed that the input

Fig. 4 shows the measured receiver sensitivity at a BER p¢wer dynamic range of SOA was improved by over 7 dB and
102 for different temporal delays introduced by the opticdhe pattern dependent distortion in SOA was also suppressed.
delay line. As the fiber loop mirror was structurally a symmetric
device, there exhibited two local minima at 25 ps afb ps, REFERENCES
Whmh basically corresponde(_j to th_e temporal_ offset of SOA's [1] K. P. Ho, S. K. Liaw, and C. Lin, “Reduction of semiconductor laser
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symmetric values were related, in principle, to the finite SOA's _  injection,”Electron. Lett, vol. 32, pp. 2210-2211, 1996.

. . d the rise time of the leading edae of the[Z] J. Yu and P. Jeppesen, “Increasing input power dynamic range of SOA
gain recovery time an g g by shifting the transparent wavelength of tunable optical filtérl“ight-
pulse stream. wave Technolvol. 19, pp. 1316-1326, Sept. 2001. _

Fig. 5 shows the BER performance in both directamplification [3] L. F. Tiemeijer, P. J. A. Thijs, and T. V. Dongast al, “Reduced inter-

d d form restoration scheme. It is clear modulation distortion in 1300 nm gain-clamped MQW laser amplifier,
and our proposed wave I - = ! Y IEEE Photon. Technol. Leftvol. 7, pp. 284-286, May 1995.
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IV. SUMMARY
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