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LD-pumped Nd:YAG/LBO 556 nm yellow laser

Fu-Qiang Jiaa,b,�, Quan Zhenga, Qing-hua Xuea,b, Yi-kun Bua,b

aChangchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Science, Changchun 130022, China
bGraduated School of Chinese Academy of Science, Beijing 100018, China

Received 4 August 2004; received in revised form 24 February 2005; accepted 25 February 2005

Available online 20 April 2005

Abstract

A new laser transition at 1112 nm was obtained after analyzing the parameters of the main laser transitions in Nd:YAG and

calculating the transmission loss of the cavity at 1064, 1319, and 946 nm. The maximum output power of the fundamental

wavelength was 610mW, the fundamental wavelength light-to-light conversion efficiency was 38.1%, the maximum output at

556 nm was 109mW intra-cavity frequency doubled by LBO, the SHG conversion efficiency was 17.8%, and the overall light-to-

light efficiency was 6.8% for the pump power of 1.6W.

r 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Yellow laser is a new hotspot due to its advantages in
entertainment and medical applications. It has better
penetration through nuclear sclerotic cataracts, excellent
penetration through fluid and pageantry disturbances,
less dispersion of energy in the neurosensory retina,
causes less discomfort to the patient, and greater margin
of safety. Up to now, the yellow lasers were obtained
mainly by intracavity sum-frequency mixing (ISFM)
[1,2], which was based on the dual-wavelength oscilla-
tion theory [3] and scarcely on frequency-doubling due
to the lack of ideal fundamental laser transitions [4]. The
ISFM was characterized by inversion population
competition among the different laser transitions, which
had shortcomings such as difficulty in thin film
designing, low conversion efficiency, undesirable beam
quality and power stability. Consequently, the applica-
tion of special technologies like second harmonic
generation (SHG) and the appropriate fundamental

laser oscillation were vital to obtain a stable, low cost,
and compactness yellow laser.

To our knowledge, the most popular transition in
Nd:YAG is 1064 nm, which is superior to the 1319 and
946 nm laser transitions. In fact, there are about 30
transition lines in Nd:YAG including the main transi-
tions [5]. The performance of 1112 nm laser transition is
similar to 1123 nm and better than the other transition
lines except for the familiar laser lines of Nd:YAG. The
research reports on lasers at 1123 nm were popular due
to their special applications [6,7] and mainly focused on
the fundamental wavelength operation [8–10]; unfortu-
nately, to our knowledge, the reports on the funda-
mentals and SHG of 1112 nm have not been presented.
Because the SHG of 1112 nm is a light at 556 nm, which
was an alternative to the currently used He–Ne 543 nm
and Kr 568 nm lasers, its applications in various field is
hopeful. In this paper, we obtained the yellow laser at
556 nm by SHG of Nd:YAG laser through thin film
designing. The 1112 nm continuous wave (CW) lasing
was obtained firstly, then the LBO frequency doubler
was inserted into the cavity; the yellow laser at 556 nm
was achieved and the maximum output power at the
556 nm was about 109mW.

ARTICLE IN PRESS

www.elsevier.com/locate/optlastec

0030-3992/$ - see front matter r 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.optlastec.2005.02.004

�Corresponding author. Changchun New Industries Laser Technik

Co. Ltd., No. 668, Chuangxin Road, Gaoxin District, Changchun

130012, China.

E-mail address: jfq555@yeah.net (F.-Q. Jia).

www.elsevier.com/locate/optlastec


2. Theory analysis

Nd3+ ion replaced Y3+ ion in YAG and the energy
levels of the Nd3+ were split by the field of the crystal
lattice. The energy levels are shown in Fig. 1. The 1064,
1112, 1116, and 1123 nm laser transitions come from
4F3/2–

4I11/2, but they are different in the upper and lower
energy levels. Particularly, 1064 nm laser transition
comes from R2–Y3 transition, 1112 nm from R2–Y6,
1116 nm from R2–Y5, and 1123 nm from R1–Y6. The
comparison of the laser performance [5,11] of the main
laser transitions and 1112 nm transition in Nd:YAG is
shown in Table 1. s is the stimulated emission cross-
section, Du is the width of transition frequency, and b is
the branching ratio which represents the relative
intensity of the spontaneous emission. According to
Table 1, we can see that the relative performance of the
1112 nm is about half of 1064 nm; the stimulated
emission cross-section of the 1112 nm is as much as 1

13

of 1064 nm, 4
9 of 1319 nm, and 5

9 of 946 nm. In order to
obtain the laser oscillation at 1112 nm, which has a
lower gain cross-section than the other main laser lines,
not only 1064 nm oscillation, but also the 1319 and the
946 nm must be restrained at the same time. Through

calculations, the lasing condition at 1112 nm is that the
transmission of the cavity at the 1064, 1319 and 946 nm
must be larger than 90%, 60%, and 60%, respectively.

3. Experimental setup

The experiment setup of the 556 nm Nd:YAG/LBO
yellow laser is shown in Fig. 2. A quantum well (QW)
1000 laser diode (LD) made by the Institute of
Semiconductor, CAS, was used as the pump source,
which was a continuous GaAlAs LD with an emission
wavelength of 808 nm, maximum power of 2W, emis-
sion light cross-section of 100� 1 mm2, and divergent
angle of 68.81� 28.61. The left facet of Nd:YAG
(3.0mm thickness, 1 at%-doped) was coated with high
reflection (HR) coatings at 1112 nm and anti-reflection
(AR) coatings at 808 nm; the right facet of Nd:YAG was
AR coated at the fundamental wavelength. LBO
(2� 2� 10mm3) was a frequency doubler at 1112 nm
(I type phase-matching cut, y ¼ 901; F ¼ 8:31). CO was
the couple optics system and OC was the output
coupler; the output coupler was a plane-concave mirror,
and the radius of the left-concave side was 50mm. The
OC was coated as follows: at the left facet, T ¼ 1% at
the fundamental wavelength, high transmission (HT) at
1064, 1319 and 946 nm; AR coated the right facet of the
OC at 556 nm. TEC1 and TEC2 were the thermoelectric
coolers. By TEC1, the emission wavelength of LD was
tuned to the absorption peak of Nd:YAG to utilize the
pump energy as much as possible. Measurements show
that the pump radius in Nd:YAG was about 100 mm.
The cavity was composed by the left side of the
Nd:YAG and the left side of the output coupler and
the length of the cavity was about 24mm. F was an
infrared light filter and PM was a power meter.

After tuning the TEC1, TEC2, and the output coupler,
the laser was oscillated at a good state and the color of
the fluorescence was blue due to the excited state
absorption (ESA). The Field Master-GS was used to
measure the output power. The dependence of the
fundamental output power on the pump power is shown
in Fig. 3; the threshold was about 400mW, the
maximum output power was 610mW for the pump
power of 1.6W. The spectrum of the fundamental
wavelength was measured by the infrared spectral meter
with a resolution of 0.2 nm and is shown in Fig. 4. It was
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Fig. 1. The energy levels of Nd3+ in Nd:YAG.

Table 1

The comparison of the performance among the main laser transitions

of Nd:YAG

l
(nm)

Transition s
(10�20 cm2)

Du
(cm�1)

b (Branching

ratios)

Relative

performance

1064 R2–Y3 45.8 5 0.135 100

946 R1–Z5 5.1 9 0.040 46

1319 R1–X1 8.9 6 0.018 34

1112 R2–Y6 3.6 14 0.025 49

1123 R1–Y6 3.0 13 0.030 40
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Fig. 2. The experimental setup of the 556 nm Nd:YAG/LBO yellow

laser.
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