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Abstract

The mid-term report states the progress on four developing fields. By using an optical
nonreturn-to-zero (NRZ) formatted data-stream to injection-lock an synchronously modulated
Fabry-Perot laser diode at below threshold condition (without DC driving current), an output
data-stream with pseudo-return-to-zero (PRZ) format can be generated at bit rate of up to
2.488 Gbit/s. Such an NRZ-to-PRZ format transformation is due to the injection locking
induced gain-switching of the FPLD with the incoming NRZ data. The PRZ data-stream
with a maximum on/off extinction ratio of 12.2 dB is obtained under the optical injecting and
RF driving powers of -2 dBm and 24.4 dBm, respectively. The best side mode suppression
ratio and lowest timing jitter of 40 dB and 0.4 ps, respectively, for the PRZ data-stream are
observed, which leads to a power penalty of 1.2 dB measured at a bit-error rate of 10°. In
applications, the demonstration of an all-optical logical OR gate using the FPLD-based
NRZ-to-PRZ transformer is also reported.

By using a semiconductor optical amplifier (SOA) backward injected with a
dark-optical-comb pulse-train at 10 GHz, we demonstrate for the first time a beyond 10Gbit/s
all-optical conversion of an incoming optical pseudorandom binary sequence (PRBS)
data-stream from nonreturn-to-zero (NRZ) to return-to-zero (RZ) format. Both of the data
polarity and its wavelength are conservative during the conversion process. Without any
pre-amplification on the degraded optical NDZ PRBS data, its extinction ratio is greatly
improved from 7.13 dB t013.32 dB after converting into a RZ PRBS data. Ultra-low
bit-error-rate of 10-13 at data rate up to 10 Gbit/s is obtained with a received optical power of
-18.5dBm. To date, the converted RZ PRBS data exhibits a positive power penalty of >3.7
dB at a BER of 10-13 in comparison with the NRZ PRBS data.

In this research, we use SOAFL system. After the modulating optical signal inject into
SOA doing XGM, the output optical signal backward inject into SOA again by optical
isolator. And the backward optical injection has to be high enough to saturate a SOA and
then depletes most of the excited state electrons in the SOA. In order to obtain shorter
mode- locking pulsewidth, the Tunable Laser injecting wavelength should be slightly longer
than the peak wavelength of SOA gain to benefit from shorter gain-recovery time and larger
modulation Depth.  After backward injection, the optical signals pass through 14 meters long
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optical cavity. Because the transmission distance for optical signals are different, there will
be some integral numbers of frequency differencen Af (Af=C/2nL, n medium coefficient, L
cavity length). By piling up different frequencies to form the mode-locking signal, the
optical signal will be suppressed, leading to carry more signals per unit time. This
achievement will enhance the broadband communication. And in this research we talk about
the effect of different wavelengths injection to the pulsewidth of mode-locking signal. As
the pulsewidth is shorter, it can carry more signal per unit time. As the result, it will
improve the capacity and speed of transmission in the future. In the application, we can use
it in E-O sampling or OTDM system.

The premier demonstration on the SONET OC-192 receiving performance of InGaAs
p-i-n photodiode grown on linearly graded metamorphic InyGa; <P buffered GaAs substrate is
reported. With a low-cost TO-46 package, such a device exhibits sensitivities of -19.5 dBm
with bit-error-rate of 10 at data rate of 10 Gbit/s owing to its ultra-low dark current of
3.6x10-7 A/cm? and noise equivalent power of 3.4x10-15 W/Hz"2. Under the illumination of
1.2-ps pulse-train, the measured impulse response is 41 ps and the vector-network analyzed
frequency bandwidth is up to 8 GHz. Eye diagram analysis at 10 Gbit/s without
trans-impedance amplification reveals a statistically distributed Q-factor of 8.59 by recording
the signal-to-noise ratio at decision level down the center of eye pattern, corresponding to a
bit error rate of 4.4x10™*® at receiving power of -6 dBm.

Keywords: Fabry-Perot laser diode, SOA, optical dark comb injection, mode lock, fiber laser,
photodetector
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