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INTRODUCTION 

Currently, coherent 355-nm UV light sources at 355 nm 
are in great demand for various applications such as 
microvia drilling, semiconductor wafer scribing and 
dicing [1,2]. A nonlinear optical crystal LiB3O5 (LBO) is 
commonly used to perform the third-harmonic 
generation (THG) based on sum frequency mixing in 
commercial laser systems. Although CsLiB6O10 (CLBO) 
is known as a nonlinear optical crystal for generating 
deep-UV output with wavelengths below 300 nm, it also 
appears to be a promising THG candidate. Table 1 
compares the THG properties of LBO and CLBO in type 
II phase-matching [3].  
 
Table 1. Phase matching properties for Type II THG in LBO 
and CLBO (1064(ω) + 532(2ω) → 355(3ω) nm) 

 PM angle at 

150°C 

(θ, φ) (deg.) 

deff  

(pm/V) 

ρ 

 (mrad) 

ΔT·l 

(°C·cm) 

 LBO 
(o+e→o) (49.7, 90) 0.47 9.9 3.3 

CLBO 
(e+o→e) (48.8, 0) 0.71 

33.4 (ω), 

36.8 (3ω) 
19.9 

 
The polarization directions for fundamental, second 
harmonic, and third harmonic light are represented as 
expressions like “o+e→o”, where “o” stands for ordinary 
light and “e” stands for extraordinary light. As can be 
seen in this table, CLBO appears to be a promising THG 
media because of its superiority to LBO in terms of 
effective nonlinear coefficient and its temperature 
tolerance. However, due to its large walk-off angle, THG 
by CLBO has not been reported except for my previous 
demonstration [4]. In order to compensate the significant 
walk-off effect, I have originally designed a 
prism-coupled CLBO device based on non-collinear 
phase-matched THG in CLBO. As a result, this device 
generated 2.55-W output of 355-nm UV light with 
52.8% conversion efficiency from the geometric mean of 
the two input powers of nanosecond pulsed laser. 
Spectronix Co. has recently developed a hybrid master 
oscillator power amplifier (MOPA) system seeded by a 
gain-switched laser diode (GS-LD) at 1064 nm to 
produce narrow spectral picosecond pulses suitable for 
harmonic generations such as 266-nm DUV generation 
[5]. The narrow spectral bandwidth and high-peak power 

pulses enable to achieve high-efficient frequency 
conversion without beam focusing. The parallel beam 
with a large beam diameter also allows long interaction 
length in nonlinear optical crystal. In this report, I 
demonstrate high-power 355-nm UV generation in 
CLBO with collinear phase-matching configuration. The 
prism-coupled CLBO and LBO are also investigated 
using the same laser system as a comparison. 

EXPERIMENTAL RESULTS 

Picosecond seed pulses generated by using a GS-LD are 
amplified by a hybrid MOPA system composed of 
ytterbium-doped fiber amplifiers (YDFAs) and 
neodymium doped YVO4 (Nd:YVO4) bulk crystal 
amplifiers. A narrow spectral bandwidth of 0.2 nm is 
realized. The output is a linearly polarized beam at 1064 
nm wavelength and 37 ps pulse duration. The average 
power is 64 W at a pulse repetition rate of 300 kHz. For 
the case of 2.5 mm diameter, the peak power density of 
235 MW/cm2 is calculated by using an effective radius 
0.88 mm for a Gaussian beam. The peak power is 
sufficient for occurring high-efficiency nonlinear 
interaction. I then perform 355-nm UV generation 
through two frequency conversion crystals without beam 
focusing. In type-II THG, the interaction between 
fundamental light and second harmonic light is important 
for highly efficient frequency conversion. The parallel 
beam with a large beam diameter allows long aperture 
length in nonlinear optical crystal. For the case of type-II 
CLBO, the aperture length is calculated to be 43.4 mm in 
this picosecond laser system. Therefore, using GSLD 
MOPA, I expect high-conversion efficiency with 
collinear phase-matched CLBO due to the larger 
nonlinear coefficient. 

Following the fundamental source, an attenuator is 
installed for adjusting the input power to the frequency 
convertors. Second harmonic generation was performed 
by a 20-mm-long type-I noncritical phase-matching LBO 
with AR coating. As third-harmonic generators, I 
prepared 15-mm long type-II non-coated CLBO, 
walk-off compensated prism-coupled CLBO and type-II 
LBO AR-coated with incident surface, which were 
heated at 150°C, 90°C and 67°C, respectively. All THG 
crystals were maintained in a dried purge box. The power 
ratio of 1064 and 532 nm was optimized to yield a 
maximum THG output by changing the second-harmonic 
LBO temperature around 149°C. 

Figure 1 shows dependence of THG power on the 
repetition rate of fundamental source. The data of CLBO 



was not corrected to compensate for the reflection losses 
at the uncoated input and output surfaces. Using the 
CLBO with collinear phase-matching configuration, a 
maximum output power of 30.9 W was obtained from the 
fundamental source of 64 W at 300 kHz, which 
corresponded to 48.3% conversion efficiency. This was 
about 1.2 times higher than that obtained by using LBO. 
Then the conversion efficiency from the fundamental to 
the second harmonic was 35.3%. I also measured the 
THG power as a function of the fundamental laser power 
at the repetition rate of 300 kHz as shown in Fig. 2. In 
this experiment, I experimentally demonstrated the 
prism-coupled CLBO enables to generate high-power 
355-nm UV power with a high conversion efficiency. 
THG output of CLBO was almost the same values as that 
of the prism-coupled CLBO. It means walk-off 
compensation in CLBO was unnecessary for the 
picosecond laser system. The high nonlinear coefficient 
of CLBO results in higher output power compared with 
LBO. The peak power density on the CLBO output 
surface is calculated to be approximately 110 MW/cm2 at 
the wavelength of 355 nm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSIONS 

I have demonstrated 355-nm UV generation in CLBO 
crystal as a sum frequency of the fundamental light and 
the second harmonic of a hybrid picosecond MOPA 
seeded by a gain-switched LD. A maximum THG output 
power of 30.9 W has been obtained from the 
fundamental source of 64 W at a repetition rate of 300 
kHz. The remarkable conversion efficiency of 48.3% 
could be reached, which was about 1.2 times the 
generation obtained via LBO. The prism-coupled CLBO 
was also able to generate over 30 W of 355-nm power as 
with the conventional CLBO.  
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Fig. 1. THG power as a function of repetition rate.  
 

Fig. 2. THG power as a function of fundamental laser power 
at a repetition rate of 300 kHz.  
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