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Abstract We experimentally observed giga-hertz (GHZ) complementary intensity oscillations in different far-field
modes (lobes) of abroad-area laser (BAL) subject to an optical injection from a single-mode laser. Such oscillations
occur when the BAL is frequency-locked to the injection light while still having multiple far-field modes. The GHz
complementary oscillations indicate a dynamical filamentation in the frequency-locked BAL.

1. Introduction

Optical injection has been widely used in broad-area semiconductor lasers to improve the laser beam quality andthe
spectrum width and accordingly to obtain a single mode high power light source. Successful experiments have
achieved the diffraction-limited high power from broad-area amplifiers or BALs using optical injection-locking [1-
3]. It is found that the performance of the broad-area amplifiers or lasersis limited by the onset of filamentation,
which results in a degradation of the far-field pattern. While many theoretical and experimental works on the
formation and evolution of filaments have been reported [4-6], |ess is understood about the temporal dynamicsin the
BALs under external injection. In this work, we describe experimental observations of GHz complementary
intensity oscillations in different far-field modes of a BAL subject to an optical injection from a single-mode laser.
Such oscillations occur when the BAL is frequency-locked to the injection light while still having multiple far-field
modes. The GHz complementary oscillations indicate a dynamical filamentation in the frequency-locked BAL.
Investigation of dynamical filamentation is important in understanding the mechanism of achieving diffraction-
limited high power from the BAL based on optical injection.

2. Experiments

The BAL (SDL2360) in the experiment has an emitting aperture of 00 nm’ 1 mm and is capable of emitting a
maximum output power over 1.2 W. The laser spectrum ranges between 805 and 809 nm with a bandwidth of about
2 nm. For the drive current well above itsthreshold, there are multiple longitudinal modes with the mode separation
around 0.083 nm. The laser emits a far-field pattern subtended by 12° 32°. The single-mode master laser used in
this experiment is awavel ength-tunable laser diode (TOPTICA DL-100) with alinewidth of 1 MHz and a maximum
output power of 30 mW. An experimental scheme is shown in Fig. 1. The cylindrical lens and the collimation lens
are used to adjust the angle of the injection beam. The far-field pattern of the BAL is monitored with a CCD array.
In the case when there are multiple modes in the far-field pattern, we use aslit to select a particular mode to measure
its optical spectrum and temporal variations. In this experiment, we use two photodiodes (12 GHz bandwidth) to
simultaneously measure the temporal variations of two far-field modes to study the phase relationship between the
two temporal signals.
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Fig. 1 Schematic experimenta setup. LD:
singlemode laser diode, BAL: broad-area laser,
Ol optical isolator, CL: cylindrical lens, HWP:

= half-wave plate, BS: beam splitter, OSA: optical
b spectrum analyzer.
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Fig. 2 (a) Far-field intensity distributionand (b) optical spectrum of BAL under optica injection at 806.3 nm.

Figure 2 shows the far-field light intensity distribution (a) and the optical spectrum (b) taken from ‘A’ in (a). The
drive currentis 1.3 times of the threshold and the corresponding laser output power is about 100 mW. The injection
light power is around 5 mW (measured in front of the collimation lens) and the injection laser wavelength is 806.3
nm. Theinjection angleis about 10° with respect to the normal direction of the BAL front facet. The far-field pattern
in Fig. 2(a) shows two main modes and each has the divergence angle around 1°. In Fig. 2(b), we plot optical spectra
of the BAL with and without the optical injection. The optical spectrum clearly shows that the BAL is frequency-
locked to the injection light. Similar spectrum is also observed in other modes in Fig. 2(a). The BAL far-field
pattern clearly shows two main modes even when the frequency islocked to the injection light.

We simultaneously measured temporal intensity variations
of two main modes (‘A’ and ‘B’) in Fig. 2(a) with a pair of
high bandwidth photo-receivers. The measured waveforms .
are shown in adigital oscilloscope with a sampling rate of
20 GHz and a bandwidth of 6 GHz. Figure 3shows a pair
of the typical time series. The two time series show
complementary oscillations at a frequency around 1.3
GHz. We found that the oscillation frequency depends on
the drive current. The dlight difference between two
waveforms is due to the weak far-field modes. Such
oscillations strongly indicate that there is a fast

filamentation within the BAL under the optical injection. 0 2 ‘%'ime (ns? 8 10
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3. Summary

In conclusion, we have experimentally observed GHz

complementary temporal oscillations in different far-field modes of a BAL subject to an optical injection. Such
oscillations occur when the BAL is frequency-locked to the injection light while still have multiple far-field modes.
Our observation indicates that there existsa GHz dynamical filamentation in the frequency-locked BAL.
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Fig. 3 Time series simultaneously measured at ‘A’ and ‘B’ in Fig. 2(a).



