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Abstract: A novel method for producing optical burst pulses is demonstrated. Optical pulses 
having a several tens of picosecond duration, and a 100-200-ps period are generated from a 
gain-switched laser-diode under CW laser light injection. 
OCIS codes: (140.5960) Semiconductor lasers; (140.3520) Lasers, injection-locked; (140.3538) Lasers, pulsed. 
 

1.  Introduction  

Optical pulses having temporal durations in sub-nanosecond to nanosecond regions are finding extensive 
applications in biomedical imaging and/or material processing [1, 2]. For example, such kinds of optical pulse 
sources are essentially important for the pulsed-mode stimulated emission depletion (STED) microscopy [3]. 
However, stable and temporal-duration-tunable optical pulse generation from a laser oscillator is difficult in 
these temporal regions rather than in femtosecond and picosecond regions. Therefore, toward the STED 
microscopy application purpose, we have developed a method to generate sub-nanosecond optical pulses 
utilizing gain-switching (GS) operation of a semiconductor-laser optical amplifier (SOA) [4]. A drawback of 
this GS-SOA scheme is the difficulty of obtaining optical pulses having a pulse-duration of <0.4 ns. This 
limitation is attributed to the SOA response speed mainly due to the dynamic carrier lifetime during the GS 
operation. From the application point of view, it is sometimes desired to shorten the optical pulse duration till 
0.1 ns or less. In the present report, we demonstrate a novel method that can overcome the present problem by a 
combination of GS operation of a laser-diode (LD) and continuous wave (CW) laser injection. We have 
successfully generated burst optical pulses in which each optical pulse has a several tens of picosecond duration, 
and the burst pulse envelope duration is flexibly controllable by the excitation electric pulse duration. It is 
expected that the entire burst optical pulses can play a role, which is equivalent to the one for an optical pulse 
having a single envelope waveform. 

2.  Results and Discussions 

Experimental configuration is similar to the one reported in the GS-SOA-based optical pulse source [4]. 
However, in the present study, an SOA was replaced by a Fabry-Perot (FP) type LD. CW laser light from a 
1064-nm DC-driven distributed-feedback (DFB) LD was coupled into a pulse-driven FP-LD. Both the DFB-LD 
and the FP-LD used had GaAs/InGaAs strained-layer multiple-quantum-well active layers, and the gain peaks 
were located around 1060 nm.  

Figure 1 shows an oscilloscope waveform and the corresponding optical spectrum for optical pulses obtained 
without CW laser light injection. The typical single GS optical pulse shape was observed, and the pulse width 
was ~60 ps, and the optical spectrum indicated a multi-longitudinal-mode laser oscillation. The FP mode 
spacing is ~0.15 nm (frequency spacing is ~41 GHz) corresponding to the device length of ~1 mm.      
 

Fig. 1. Oscilloscope waveform trace (a) and optical spectrum (b) for the optical pulses generated from a gain-switched FP-LD without CW 
laser light injection. The amplitude and the duration for the excitation electrical pulses are 4.7 V and 880 ps, respectively. 
 

On the other hand, when the CW laser light was injected, we observed drastic changes in optical pulses. A 
few oscilloscope waveforms and corresponding optical spectra are shown in Fig. 2, for three different operation 
conditions. Figure 2 (a) indicates a situation for single pulse generation, and the corresponding optical spectrum 
in Fig. 2 (b) shows a single peak feature. However, by increasing the CW laser light injection power, a burst 
optical pulse feature appears clearly as shown in Fig. 2 (c); each optical pulse has a duration of several tens of 
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picosecond and the pulse period is ~120 ps. The CW laser light power was controlled by the DC current of 
DFB-LD, and the single-mode laser light wavelength (λCW) also shifted to the longer wavelength side by 
increasing the DC current by an amount of 0.0081 nm/mA. On the other hand, further increase in the excitation 
electric-pulse duration resulted in a longer burst of optical pulses as shown in Fig. 2 (e). The corresponding 
optical spectrum of Fig. 2 (f) indicates clear double peaks; one is the injected CW laser light component, and the 
other is an FP laser oscillation mode component. The separation of two peaks is 0.034 nm in wavelength domain, 
and this corresponds to 8.5 GHz in frequency domain. We confirmed that the burst optical pulses were stably 
generated for the burst duration of >5 ns. Furthermore, we also observed changes in the optical pulse duration 
and the pulse period by varying the CW laser light power.  

 

   
Fig. 2. Oscilloscope waveform traces (a)(c)(e) and optical spectra (b)(d)(f) for the optical pulses generated from a gain-switched FP-LD 
with CW laser light injection under operation state transition. Electrical pulse amplitude: 4.7 V, repetition rate: 10 MHz. Electrical pulse 
duration: 880 ps for (a)(b)(c)(d), 1.2 ns for (e)(f). PCW is the averaged power for the CW injection laser light, and Pout is the averaged 
optical pulse output power. 

 
The dynamic behaviors of GS-LDs under CW laser light injection were reported previously [5]. However, 

the present stable burst optical pulse generation feature is verified for the first time to the best of our knowledge. 
The main mechanism is considered, in brief, to be the beating between the injection laser light and the dominant 
FP laser oscillation mode component outlived under the CW laser light injection during the GS operation.  

3.  Summary 

We have demonstrated a novel method to generate stable burst optical pulses having a duration of several tens 
of picosecond and a period of 100-200 ps using a GS-LD with CW laser injection. In view of controlling the 
burst optical pulse generation, this simple method can provide new potentials for various applications, including 
nonlinear bio-medical imaging, micromachining, and optical spectroscopy. 
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