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Generation of duration-tunable narrow-bandwidth optical pulses 
from an injection-locked gain-switched laser diode 

Grad. School of Eng., Tohoku Univ. 1, NICHe, Tohoku Univ. 2 
○H. -J. Yan 1, H. A. Truong 2, K. Sat 2, H. Yamada 1,2 and H. Yokoyama 1,2 

E-mail: yan.hejie.q6@dc.tohoku.ac.jp 

INTRODUCTION Tunable short-pulse lasers in both wavelength and time domains are 

attractive light sources for various applications such as laser processing or optical 

communications [1,2]. Stable optical pulses of variable pulse duration and wavelength are 

required for different laser processing. Therefore, narrow spectral bandwidth is desired for the 

lasers, which converting wavelength by using nonlinear optical effects is required to obtain 

optical pulses at visible region. An injection-locked gain-switched was reported to be able to 

generate duration-tunable narrow-bandwidth optical pulses. However, it was difficult to obtain 

smooth-shaped optical pulses of different pulse durations due to the complex control of 

different parameters such as temperature and injection power. This time we report a novel 

method to realize optical pulse duration-tunable narrow-bandwidth laser source. 

EXPERIMENT AND RESULTS CW light from a distributed-feedback (DFB) LD under DC 

current driving was injected into a Fabry-Perot (FP) LD with long cavity (5mm) generating 

optical pulses by gain switching operation. An optical circulator was used to connect both LDs 

for preventing the light reflection from the LD facet. Figure 1 show the temporal waveforms 

and optical spectrums at different pulse durations of optical pulses generated from the injection-

locked gain-switch laser diode (ILGS-LD). An injection power of 4.5mW from DFB-LD was 

applied to FP-LD to obtain the smooth optical pulses. The pulse durations were controlled under 

driving the electrical pulses from FP-LD. As a result, output optical pulses remained smooth 

shapes and narrow bandwidths were obtained at different pulse durations. Therefore, we expect 

that the present approach can be beneficial for extending the technology toward many 

applications such as laser micromachining. 

Acknowledgement This work was supported in part by the “Development of advanced laser 

processing with intelligence based on high-brightness and high-efficiency laser technologies” from 

New Energy and industrial technology Development Organization (NEDO).  

 

References  

[1] R. Jagbheesh, et al., Elsevier Enhances Reader, Applied Surface Science 374, pp.2-11 (2016)  

[2] Y. Cai, et al., Journals Micromachines, Vol. 10, Iss. 3 10.3390 (2019) 

-100

-80

-60

-40

-20

0

1029.2 1031.2

Le
ve

l(
d

B
m

)

Wavelength(nm)

-80

-60

-40

-20

0

20

1029.2 1031.2

Le
ve

l(
d

B
m

)

Wavelength(nm)

-100

-80

-60

-40

-20

0

1029.2 1031.2

Le
ve

l(
d

B
m

)

Wavelength(nm)

178 278 378

In
te

n
si

ty
(a

.u
.)

time(20ns/div)
178 278

In
te

n
si

ty
(a

.u
.)

time(20ns/div)
178 278

In
te

n
si

ty
(a

.u
.)

time(20ns/div)
178 278

In
te

n
si

ty
(a

.u
.)

time(20ns/div)

Fig. 1 Temporal waveforms and optical spectra for a IL-GS-LD under injected at different pulse duration. (a), 

(b), (c) and (d) are temporal waveforms; (e), (f), (g) and (h) are optical spectra; The injection power is 4.5mW; 

Driving pulse voltage is set to 5V at 1-MHz repetition rate, and pulse duration is set to be 6ns, 16ns, 47ns 

and 106ns for (a), (b), (c), and (d), respectively. 
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