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Abstract 
In this paper, an injection-seeded nanosecond optical parametric generation 
(OPG) using BBO crystal, which combines relatively low thresholds with a 
simple and compact configuration, was demonstrated. By seeding externally 
with distributed feedback (DFB) diode laser at 1313 nm wavelength, pumped 
by 355 nm laser pulse, the maximum blue laser output power of 1.36 W at a 
rate of 100 Hz and with linewidth less than 0.13 nm were obtained, and the 
maximum optical to optical conversion efficiency was to 21.2%. 
 

Keywords 
Narrow Linewidth, Injection Seeding, All-Solid-State Blue Laser 

 

1. Introduction 

In the last decades, the all-solid-state blue laser has been one of the most attrac-
tive research directions in the laser community due to its extensive application 
prospects in scientific research, industry, medical, military, and other fields. In 
some applications, such as spectroscopy, remote sensing, and nonlinear optics, 
high pulse energy with short duration, narrow linewidth, compact size and high 
efficiency is desired [1] [2] [3]. The general approaches of all-solid-state blue laser 
generation can be classified into methods involving wide band-gap-semiconductor 
blue laser techniques, frequency up-conversion techniques and nonlinear fre-
quency conversion techniques. However, it is difficult for all-solid-state blue la-
ser to realize all the above performance at the same time. Especially for nanose-
cond (ns) laser, to fulfill the requirements of high efficiency, narrow linewidth 
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and stable high power output remain an ongoing challenge. 
Optical parametric generators (OPGs), as an optical component converting 

the wavelength of different pulsed laser sources into a broad spectral range from 
ultraviolet UV to far IR, have been widely used in laser systems. The OPGs have 
versatile and unique advantages for stable, narrow linewidth laser operation, in-
cluding the compact structure and excellent compatibility with other nonlinear 
optical devices [1]. Compared to optical parametric oscillators (OPOs), OPGs 
are especially preferred for external seeding by narrow linewidth light sources 
for two reasons [4] [5] [6]. Firstly, an OPO has to control the cavity length to 
match the frequency of the seeding laser, but an OPG has no cavity and there is 
no need to actively control the cavity length. Besides, without a cavity, the struc-
ture of the OPGs is much more compact than the OPOs. Secondly, OPGs can 
operate in a single-pass fashion, which can avoid the feedback from the OPG 
system back toward the external seeding laser system. Operating in a single-pass 
fashion is important for single longitudinal mode (SLM) lasers, because even a 
little amount of feedback action can disturb SLM operation, and under certain 
circumstances can even damage the gain material. The latter is particularly im-
portant when using diode lasers as seeding [6]. Thus, the solid-state-blue-laser 
based on OPG was proposed to realize narrow linewidth laser output. 

Over the past several years, there has been tremendous progress in nonlinear 
optical materials. Among them, the nonlinear crystal β-barium borate (β-BBO) 
is currently receiving much attention as a material for widely tunable optical pa-
rametric amplifiers (OPOs), OPAs and OPGs because of its broad transparent 
spectral range (from 0.19 to 3.5 μm), high damage threshold for nanosecond 
lasers and high effective nonlinearity, which is four times larger than that of po-
tassium dihydrogen phosphate (KDP) [1] [2] [3] [4] [7] [8] [9]. In 1999, Sheng 
W et al. reported an injection-seeded nanosecond BBO-OPG/OPA pumped by 
355 nm with the signal output tunable from 435 to 630 nm, where its total 
maximum energy conversion efficiency was 37% when the pump pulse energy 
was ~120 mJ, and the narrowest linewidth was ~0.2 nm at the wavelength of 435 
nm [1]. Later, Dongqing P et al. reported a theoretical treatment of femtosecond 
parametric interaction process and investigated the pulse characteristics of OPG 
in BBO crystal [10]. 

This paper reports a 0.13 nm-linewidth, watt-level, nanosecond, external 
seeded OPG of SLM operation at a repetition rate of 100 Hz. The maximum 
output power of 1.36 W and conversion efficiency of 21% blue laser was ob-
tained by a simple, compact BBO-OPG configuration. 

2. Experimental Setup 

The schematic diagram of the nanosecond OPG is shown in Figure 1. The laser 
system consists of three components, a homemade 355 nm pump laser, a diode 
laser injection-seeded system and a BBO-OPG unit. 

Pump laser pulses were provided by the third harmonic output from a 1064 
nm pulsed Nd: YAG laser. The laser delivered pulses at 355 nm of 12 ns pulse  

https://doi.org/10.4236/opj.2022.125008


Y. Q. Wang et al. 
 

 

DOI: 10.4236/opj.2022.125008 103 Optics and Photonics Journal 
 

 

Figure 1. Schematic diagram of the experimental setup. 
 
width, with 100 Hz of pulse repetition rates, as Figure 2 shown. The laser beam 
was circular, approximately 6 mm in diameter, and had a smooth pulse temporal 
profile.  

The injection-seeded system consists of a diode laser, an isolator, a half-wave 
plate and a pair of extender lenses. The seeding laser was a single longitudinal 
mode (SLM) CW 1313.5 nm distributed feedback (DFB) diode laser with a pola-
rization-maintaining fiber. The isolator was aimed at protecting the diode laser 
from the laser radiation injury of the light path reflection. The half-wave plate 
was used to rotate the state of polarization of the seeder beam. And the extender 
lens was used to realize the beam expanding to match the size of the pump 
beam.  

As Figure 1 shows, our OPG unit mainly consists of a type-I phase matching 
BBO crystal with dimensions of 12 mm × 12 mm × 20 mm, cut at θ = 29.6˚ and 
φ = 90˚. The plane mirror M1 was 45˚ high-reflection coated at 355 nm and an-
ti-reflection coated at 486 nm, the plane mirror M2 was 45˚ high-reflection 
coated at 355 nm and anti-reflection coated at 486 nm and 1313 nm, while the 
plane mirror M3 was 45˚ high-reflection coated at 1313 nm and anti-reflection 
coated at 486 nm. 

In the experiments, we carried out tests to characterize an external seeded 
OPG’s parametric threshold, linewidth and efficiency. The diameter of the hole 
was chosen as 3 mm so that the most energy of the pump beam coincided with 
the seeding laser beam. Linewidth and signal power were tested separately under 
the same pump power. The signal and idler generated in the OPG stage passed 
through a pump reflecting dielectric mirror, and were then through an idler re-
flecting dielectric mirror, where there was only signal output of the OPG. Table 
1 lists the OPG output parametric thresholds, linewidth and conversion efficien-
cies at different pump powers.  

3. Result and Discussion 

The linewidth of the OPG output was measured by a Yokogawa AQ6373B opti-
cal spectrum analyzer, whose spectral resolution is 0.02 nm. Figure 3 shows the 
spectrum of the output signal laser, of which the full width at half maximum 
(FWHM) was found to be 0.13 ± 0.02 nm, and the central wavelength was  
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Figure 2. Pulse temporal profile of the 355 nm laser. 
 

 

Figure 3. Spectrum of the OPG output under the pump power of 6.25 W. 
 
Table 1. 1313.5 nm DFB laser diode seeded OPG characteristics. 

Pump Power 
OPG Characteristicsa 

Output power Conversion efficiency Linewidth 

4.00 W 0.10 W 2.5% 0.11 nm 

4.95 W 0.48 W 9.7% 0.13 nm 

5.60 W 0.79 W 14.1% 0.15 nm 

6.25 W 1.36 W 21.2% 0.15 nm 

a. The parametric threshold was ~3.8 W, and the center wavelength of the output was 
~486.00 nm. 
 
around 486.0 nm. In the experiments, the narrowest linewidth was less than 0.11 
nm analyzed under 4 W pump power, and the maximum linewidth was around 
0.15 nm. With the increase of the pump pulse power, the linewidth of the OPG 
output was slightly increasing. While the pump power was increased to 5.6 W, 
the linewidth remained nearly constant.  

Figure 4 shows the output characteristics when changing the pump power 
input. It can be seen that for the external 1313.5 nm-wavelength-laser seeded 
OPG, the output power and optical to optical conversion efficiency increased 
with the increase of the pump power. The maximum out power was 1.36 W 
when the pump power increased to 6.25 W, with the optical to optical conver-
sion efficiency was to 21.2%. 
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Figure 4. Output power and conversion efficiency of OPG. 

4. Conclusion 

We have demonstrated a narrow linewidth, low threshold and good conversion 
efficiency ns-OPG based on type I phase matching in BBO, outputting blue laser 
at the wavelength of 486.0 nm. The pump pulse was provided by the third har-
monic 355 nm output from a pulsed Nd: YAG laser and the seeding source is an 
SLM CW DFB diode laser. Conversion efficiencies of approximately 21% are 
achievable, with a linewidth of ~0.13 nm and a threshold of ~3.8 W. Without a 
cavity of which optical properties must be actively controlled to match the in-
jected radiation field (like in the cavity of OPO), the nonlinear optical device 
would be much more compact and simpler. Such laser sources would find wide 
applications in a variety of laboratory and diagnostic applications. 
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