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ABSTRACT High-power blue light was generated from a diode-
side-pumped Q-switched 1319 nm Nd:YAG laser with a peri-
odically poled, stoichiometric LiTaO3 (PPSLT) crystal. The
PPSLT sample used in this experiment consists of two segments
in series: the first segment has a period of 14.08 µm for the sec-
ond harmonic generation (SHG) and the second segment has
periods of around 4.6 µm for the generation of blue light by
mixing fundamental and SH. An average power of 466 mW of
a 440 nm blue light was obtained at the fundamental power of
∼ 5.4 W with a conversion efficiency of 8.6%. The output power
fluctuated by 3% over a half-hour period. This result indicates
that our scheme is a practical method to construct a reliable
compact blue laser.

PACS 42.70.Mp; 42.79.Nv; 42.55.Xi

1 Introduction

High power blue light is urgently desired for many
applications, such as optical data storage, communications,
spectroscopy, large image projection and medical applica-
tions. A diode-pumped solid state blue laser is a promising
candidate for such applications due to the simplicity, high
electrical to optical efficiency and long reliable operation life.

Our previous work [1] reported that 153 mW average
power of blue light at 447 nm was generated from a dual-
structure, periodically poled LiTaO3 (PPLT) by frequency
tripling a Nd:YVO4 laser at 1342 nm with an optical-to-
optical efficiency from 808 nm to 447 nm of 1.2%. The
Nd:YVO4 laser was end-pumped by a fiber-coupled 808 nm
laser diode (LD). In this work, an LD-side-pumped Nd:YAG
laser replaced an LD-end-pumped Nd:YVO4 laser as a fun-
damental source, and a dual-structure, periodically poled
stoichiometric LiTaO3 (PPSLT) replaced the PPLT crystal.
Although the same transition 4F3/2 − 4I13/2 of Nd3+ ion can
occur in these two hosts, Nd:YAG and Nd:YVO4, their emis-
sion wavelengths in infrared (IR) are different, 1319 nm for
Nd:YAG and 1342 nm for Nd:YVO4. The discrepancy orig-
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inates from the different crystal fields in two such hosts
where active Nd3+ ions are located. By frequency tripling
these two emission lines, 1319 nm and 1342 nm, blue light
of 440 nm and 447 nm could be obtained, respectively. In the
experiment, an LD-side-pumped approach was used. For an
end-pumped geometry, a good beam profile match between
the laser and the pump can be easily realized by fiber coupling.
In contrast, the side-pump geometry can provide higher power
or energy but a worse lasing mode. By single-pass frequency
tripling the LD-side-pumped Nd:YAG laser at 1319 nm with
a dual-structure PPSLT crystal, we obtained high power blue
light at 440 nm. An output power of 466 mW of blue light
was generated from 5.4 W of fundamental power with an ef-
ficiency of 8.6%. Our result proves that this scheme is of
practical value for the construction of high-power, reliable,
all-solid-state blue laser.

2 Design and fabrication
of the dual-structure PPSLT sample

The PPSLT device used in our experiment con-
sists of two segments in series forming a cascaded structure.
The first segment was a periodic structure with the period
of 14.08 µm, which carries out SHG process of 1319 nm to
achieve red light at 660 nm by using its first-order quasi-
phase-matched (QPM) SHG at 180 ◦C. Because there are
some uncertainties in the coefficients of the Sellmeier equa-
tion [2] and fabrication errors of the domain pattern may arise,
the second segment was designed in five parallel channels.
Each channel was designed to perform the first order QPM
sum-frequency generation (SFG) with the fundamental wave
at 1319 nm and its second harmonic wave at 660 nm to obtain
blue light at 440 nm. The channels are 1 mm wide with differ-
ent periods ranging from 4.594 µm to 4.606 µm with a step of
0.003 µm. These channels ensure that phase-matching of the
sum-frequency process could be accomplished by selecting
a suitable channel for laser beam.

The two segments were arranged in a series and fabricated
in the same stoichiometric LiTaO3 (SLT) wafer (the SLT sin-
gle wafer was purchased from Oxide Corporation) by using
the conventional electrical poling technique at room tempera-
ture [3, 4]. After poling, the two end-faces of the crystal wafer
were polished for optical measurement, but not coated. The
wafer was 0.5 mm in thickness, and the lengths of the two seg-
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FIGURE 1 Structure on +Z surface of domain-inverted periods of 4.6 µm
in the PPSLT sample shown with 100× magnification. (a) +Z surface, (b)
−Z surface

ments were 20 mm and 10 mm, respectively. Compared with
standard congruent LiTaO3 (CLT) crystals, PPSLT exhibits
high photorefractive damage resistance [5]. SLT crystals ex-
hibits a low coercive field, one tenth that of CLT crystal [6],
which allows one to pole samples with small periods. The
4.6 µm-period for SFG was successfully fabricated, the do-
mains revealed by etching are of high quality and the duty
cycle is close to 1 : 1. This is clearly seen from Fig. 1 for both
+Z and −Z surface displayed with a magnification of 100.

3 Experimental results and discussions

The experimental setup is shown in Fig. 2. The
fundamental source is comprised of an LD-side-pumped
Nd:YAG laser-module (RD40-1C2, CEO) that is located
in a linear cavity that has the oscillating wavelength of
1319 nm. The input mirror M1 is coated with high-reflection
at 1319 nm. M2 is coated to serve as an output coupler with
transmission T = 8.3% at 1319 nm. Two wavelengths can be
obtained around 1.3 µm in the output of a Nd:YAG laser. One
is the R2 − X1 transition at 1319 nm and the other is the R2 −

FIGURE 2 Schematic of the experimental setup

X3 transition at 1338 nm [7]. We measured the spectrum of
the fundamental wave, as displayed in Fig. 3. From the figure,
we observe that, by proper design of the laser cavity, the laser
operates at a single wavelength −1319 nm and no 1338 nm
line appeared in the spectrum range. An acousto-optical Q-
switch in the cavity is used to change the continuous output
to the pulse one with a repetition rate adjustable within the
range 1–50 kHz. The pulse duration was about 160 ns at a rep-
etition rate of 5 kHz. Because Nd:YAG is an isotropic laser
medium and emits unpolarized radiation, a Brewster plate was
put into the cavity in order to realize the polarized output and
the polarization extinction ratio is 50 : 1. The focus length of
the lens F was 100 mm, and we estimated the waist spot into
the crystal to be about 300 µm. To get a high conversion effi-
ciency of the sum frequency process, the beam waist was in
the middle of the second segment of the sample. The operating
current of LD was adjustable within the range 0–28 A. When
the operating current was set to 28 A, we got the maximum
pumping power of 600 W and the maximum fundamental
output of ∼ 50 W, however, the beam profile of the funda-
mental at 1319 nm exhibited a multi-mode structure at this
power level. An efficient third harmonic generation (THG)
process requires a TEM00 fundamental mode, so an aper-
ture was put into the cavity to select a proper TEM00 output.
A fundamental beam with more than 5 W average power and
TEM00 profile was obtained at the operating current of 24 A,
and the M2 of the output infrared is 1.5. The corresponding
pumping power was about 470 W. When the operating current
exceeded 24 A, multi-mode output would appear; thus, we set
the operating current of LD to be 24 A and the repetition of
Q-switch to be 5 kHz, the output power of the fundamental at
1319 nm was ∼ 5.4 W and a maximum power of ∼ 466 mW

FIGURE 3 The spectrum of the fundamental wave
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of blue light at 440 nm was generated from the fifth channel
(in this channel, the period for SFG is 4.606 µm). The corres-
ponding THG efficiency was 8.6% from 1319 nm to 440 nm
and the overall optical-to-optical efficiency from 808 nm to
440 nm was 0.1%, much lower than that of end-pump geom-
etry. Most of fundamental mode at 1319 nm was blocked for
selection of TEM00. This is a disadvantage for the side-pump
geometry. In this experiment, an oven was used to heat the
sample for phase-matching with an accuracy of 0.1 ◦C. The
generated red, blue and the fundamental beam were separated
with a prism, and they were detected with a power meter,
respectively.

Figure 4a shows the theoretical temperature tuning curves
of SHG and SFG when the two processes both phase-matched
at 184.0 ◦C. Figure 4b shows the experiment results of SHG
and THG output powers as a function of temperature, the the-
oretical curves with different phase matching temperatures of
the two processes are shown as well. The measured phase-
matching temperatures for SHG and THG are 184 ◦C and
182.6 ◦C, with the full width at half maximum (FWHM) of
3.3 ◦C and 1.6 ◦C, respectively. The measured FWHM of SFG
is close to the theoretical value of 1.2 ◦C, which indicates that
the SFG is phase-matched over the whole length in the sec-
ond segment. The FWHM of SHG is wider than the theoretical
value of 2.0 ◦C, a possible reason for this widening maybe
the decrease of the effective length such as missing domains
or unpoled regions. For the two-step scheme to realize THG,
the second-harmonic process occurs in the first segment and
subsequently the generated SH wave and the rest of the fun-
damental waves are frequency summed in the second segment
to generate the TH wave. When the temperature is tuned to-
wards the phase-matching temperature of the sum-frequency
process or the output power of blue light increases, more red
light is consumed in the sum-frequency process and this leads
to a power reduction of the red light at output. This is clearly
seen from Fig. 4. One can find that the blue light can be further
increased by increasing either the fundamental power or the
interaction length of SFG. In fact, there is an optimized ratio
of two segments at which the maximum conversion efficiency

FIGURE 4 (a) Theoretical temperature tuning curves of SHG and SFG
when they both phase-matched at 184.0 ◦C; (b) measured temperature tuning
curves for SHG and SFG and their theoretical curves

of blue light can be realized at a given fundamental power.
We can also see from the figure that there is only a 1.4 ◦C
temperature-shift between the two tuning curves in the fifth
channel, which indicates that the multi-channel method can
compensate for design errors; thus, a good phase-matching
of the sum-frequency process could be obtained. At the same
time, blue light generated from other channels were rather
lower than from the fifth channel due to the larger phase mis-
matching at the measurement temperature.

Figure 5 depicts the dependence of the average output
power of blue light on the incident fundamental power at
182.6 ◦C. The THG conversion efficiency is defined as η =
Pt/Pf, where Pt is the average power of 440 nm blue light, and
Pf is the average power of the fundamental wave at 1319 nm.
The THG conversion efficiency is ∼ 8.6% at the maximum
blue output, which is rather lower than the theoretical value
of 18% obtained by numerical calculation of the depleted
coupling wave equations. The main reason causes the reduc-
tion of the conversion efficiency is the deviation of the phase
matching temperatures of SHG and SFG, and this tempera-
ture shift leads to less photons of 660 nm to participate in

FIGURE 5 Dependence of the average output power of blue light on the
incident fundamental power at 182.6 ◦C

FIGURE 6 THG conversion efficiency and peak power of the fundamental
wave versus the repetition rate
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SFG process. As is well-known, the conversion efficiency is
proportional to the peak power density I = p

( fτ)A , where p
is the average fundamental power injected into the crystal,
f is the repetition rate, τ is the pulse duration and A is the
fundamental beam cross area. We measured the dependence
of the pulse duration on different repetition rates and found
that the highest peak power and the maximum conversion ef-
ficiency took place at the repetition rate of 5 kHz, as shown
in Fig. 6. At the maximum average output of 466 mW, the
M2 value was measured to be ∼ 2.5 in both transverse di-
rections. The fluctuation of power of blue light at its peak
was ∼ 3% during a half-hour period. According to our ob-
servation, the main factor that causes the fluctuation is the
fluctuation of the fundamental wave, which is about 1%.
No obvious degradation of the output power or beam qual-
ity is observed during the period, indicating that photore-
fractive effect is negligible at the temperature and power
level.

4 Conclusion

In summary, we have realized the generation of
blue light at 440 nm by frequency tripling an LD-side-pumped
Q-switched Nd:YAG laser at 1, 319 nm with a dual-structure
PPSLT crystal. The output of blue light at 466 mW was

achieved with the THG conversion efficiency of 8.6% when
the fundamental power was 5.4 W with a repetition rate of
5 kHz. The PPSLT crystal exhibited excellent beam quality,
stable output performance. No photorefractive effect was ob-
served at the power level, indicating that PPSLT is a practical
nonlinear crystal for blue laser applications.
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