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Detailed Characterization of a 15GHz Integrated Bulk InGaAsP Passively Modelocked Ring Laser

Introduction

Integrated modelocked semiconductor lasers are key components for high bit rate telecommunication and other optoelectronic systems. Ring configurations have significant advantages. Firstly, the repetition rate of the laser can be controlled accurately by photolithography as opposed to a device with cleaved facet mirrors. A ring laser typically operates as a Colliding pulse Modelocked (CPM) which improves the modelocking performance. The presented laser is modelocked for a wide range of current values in the optical amplifier and reverse bias voltages on the SA. The lasers shows good stability for a passively modelocked diode laser i.e. a 50 dB RF peak power with a linewidth < 400 KHz at -3 dB. We have measured for the 20 kHz -80 MHz range a timing jitter of 7.1 ps, which is low for an all-active device using bulk material and in our opinion due to the ring configuration. Measured pulses are highly chirped, the resulting bandwidth is up to 4.5 nm for the 50 µm long SA. The repetition rate has a tuning range of 60 MHz. Such a laser with high bandwidth pulses and compatible with active-passive integration are an excellent source of interest for OCDMA applications where information is coded in the spectrum.

Design A photograph of two realized 15 GHz mode-locked ring lasers is presented in figure 1. The design contains adiabatic bends with a minimum bending radius of 500 µm and a 200 µm long directional coupler (gap of 0.9 µm) designed to give ~35% of output coupling. Facet reflectivity is reduced using angled facets at 7° and an AR-coating. The devices are realized in material consisting of a 120 nm thick λ = 1.5 µm bulk InGaAsP layer between two 190 nm thick λ = 1.25 µm InGaAsP layers. The structure is clad by a 1500 nm thick p-InP layer with gradual doping levels and a 50 nm p-InGaAs contact layer. The electrical isolation sections (~200 kΩ.) separate the different electrical contacts are 20 µm long and under a 45 degree angle.

Experimental results

The modelocking region has been delimited from the measured RF spectra. Two detailed observed RF spectra from the ring laser are presented in figures 2 a) and b). In theoretical literature "clean" modelocked operation is identified as when the height of the peak in the RF spectrum at the fundamental frequency is 25dB above any other component in the RF spectrum. In addition, we identify the laser as being imperfectly modelocked when the peak at the fundamental frequency is 25dB over the noise floor, but does not satisfy the requirement for proper modelocking. In this situation presented the ring laser is properly modelocked. The linewidth of the peak in the RF spectrum is 2.8 MHz at -20 dB and less than 400 kHz at -3 dB. Next to the low frequency noise a small peak around 1 GHz corresponding to the relaxation oscillation is visible. It becomes dominant in self pulsation regimes at high current injection.

Modelocking is achieved for a range of reverse bias voltages on the SA between 0.9 and 2.2 V and a range of amplifier currents between 355 and 410 mA (3.3 kA/cm² and 4.9 kA/cm²). The parameter range for modelocked operation is presented in figure 3.

Here the intensity of the peak at the modelocking frequency in the RF spectrum is presented as a function of amplifier current and SA reverse voltage. Operating points that show proper modelocking are represented in a color scale in the graph and those that show imperfect modelocking are represented in a grey scale. For most of the detected modelocked states the peak at the fundamental frequency in the RF spectrum is higher than 40dB above the noise floor. A typical example of an optical spectrum of a ring laser in a modelocked state is plotted in figure 4. The spectrum is smooth and wide (4 nm FWHM). The linewidth of a lasing mode is typically around 600 MHz. The bandwidth increases with the reverse bias voltage and thus with absorption until -2.2V. The largest bandwidth recorded was 4.5 nm from the device with the 50 µm long SA. The measured optical linewidths would support pulses down to 600 fs if the laser would produce transform limited pulses. However, the autocorrelator reveals long pulses (5-8 ps) with sharper peaks on top. Those peaks are not coherence peaks but they are due to a partial compression of the pulse. The output pulses are highly and nonlinearly chirped. This was shown by filtering the laser output with a 1 nm bandwidth filter before leading it to the autocorrelator. In this situation the autocorrelation showed 7.5 ps pulses without sharp peaks on top of the pulses. Adding 8 meters of standard single mode fiber the pulse could be compressed down to just over 4 ps. 
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 1 Figure 1: Top view of two 15 GHz modelocked ring lasers. a) the electrical contact of the ring and the directional coupler, b) the electrical contact of the two output WGs and c) electrical contact of the Saturable Absorber. The total length of the ring is 5.291 mm.

Fig. 2 a

 2 Fig. 2 a) and 2 b): Measured RF spectra of the passively modelocked ring laser output (L abs = 40µm, I wg = 140 mA, I amp = 389mA, V abs = -2.0V).

Fig. 3 :

 3 Fig. 3: The intensity of the peak in the RF spectrum at the fundamental frequency as function of amplifier current and SA reverse voltage. (L abs = 40µm, I wg = 140 mA).
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 4 Fig. 4: optical spectrum (I wg = 140 mA I amp =375mA V SA =-2.0V).