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GRAPHICS DISCLAIMER

All figures, graphics, tables, equations, etc. merged into this
translation were extracted from the best quality copy available.




SUM FREQUENCY GENERATION OF DUAL-WAVELENGTH Nd:YAP LASER IN LiIO;
CRYSTAL

Zhou Yuping, Shen Hongyuan, Huang Miaoliang, Lin Wenxiong, Zeng
Ruirong, Yu Guifang, Huang Chenghui and Zeng Zhengdong; all of
Fujian Institute of Matter Structure, Chinese Academy of
Sciences, Fuzhou 350002

Abstract: Based on Sellmeier’s equations for LilO, crystal, the phase-matched ocondition
for sum~frequency generation of 1.0795pm and 1.3414 pm dual wavelength Nd:YAP laser has
been caloulated. The caloulated results agree well with the experimental ones. The CW and pulsed
0.5981 pm sum-frequency radiation have been achieved for the first time.

Koy words: LiIO; sum frequency, Nd:YAP dual wavelength laser

The multiwavelength laser is a useful light source of
nonlinear frequency conversion. In references [1, 2], KDP and
KDP crystals are used to obtain pulsed sum frequency radiation
with wavelength at 0.589 and 0.582micrometer in dual-wavelength
Nd:YAG and Nd:YLF laser devices. 1In this article, data of
refractive index in reference [3] are used to derive Sellmeier
equation of LiIO3 crystal for calculating 1.0795 and 1.3414
micrometer radiation with the corresponding match conditions
of sum frequency in this type of crystals. Based on the
calculation results, for the first time the pulsed and continuous
0.5981 micrometer sum frequency radiation was obtained in LiIO,
crystal by using 1.0795 micrometer and 1.3414 micrometer dual-

wavelength Nd:YAP laser.
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I. Analysis

LiIO; crystal is of category No. 6; in optics, the crystal
is a negative monoaxial crystal. As indicated in calculation,
the effective nonlinear coefficient is zero for this category of
crystals during phase matching. 1In the situation of category I
phase matching, the sum frequency process of three wave
interaction satisfies
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A (2)

() ——?2— 0 _x'_ 0
L) " 2;:.4' N
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By using data of refractive index in reference [3], with

least square method fitting, then we derive the Sellmeter

equation of LiIO3crystal as the following.

.. 4.6877%10- 10-8 23 (5)
=342+ S g vaTE X 107 7'6796*19__.7“.’.,,
' '3.6650%10™% . 0104w 10-*AY.
n}=2.9161+ =3 v 703 23194 x107°A% . (p)

Table 1 lists values of refractive index of different wavelengths
by using equations (5) and (6) for calculation. The table also
1ists the measurement values of reference [3] for comparison.

From the table, it is shown that calculated and measured values {
match quite well. From the refractive index values in Table 1 o

and equaStions (3) and (4), we obtain the following:

0,-26,4'2‘.’, 'deu"' 5.8240.8. 1




Table 1 The refractive indices of LiIO; orystal at different %vhveieng'tﬁs

Wavelengths Ro n,

(nm) Cal. valnes . Fxp. values Cal. values Exp. values
1367 .4 1.8508 1.8508 ~o1mee | L1mee
1341.4° 1.8512 - -1.7125 SRR
10795 . 1.8566 1.7162
1014.0 1.8584 1.8584 ° 17176 e 1mre
598.1 1.8862 ' 1.7390 . ’
589.6 . 1.8875 18875 | . 17a00 ., ‘| 1.7400
579.1 1.8802 1.8804 rraz | vgas
546.1 1.8952 1.8953 1.7458 1.7457
508.6 1.9037 1.9037 1.7591 1.7591

II. Experiments and Results

Fig. 1 shows the experimental setup. By using the 1.0795-
micrometer and 1.3414-micrometer dual-wavelength continuous and
pulsed Nd:YAP laser devices [4] developed by the authors, the
output 1.0795-micrometer and 1.34l4-micrometer laser as two
fundamental-wave radiations. Passing through a lens with a focal
length of 8.5cm, the laser light is focused onto an LiIO,
crystal. The included angle between normal line of the crystal
plane and z axis is 26.4% the crystal is 15mm long along the
light passing direction. Let ¢ axis of the b-axis NAd:YAP crystal
to be parallel to z axis of LiIO3 crystal because both the
1.0795-micrometer and 1.3414-micrometer laser lights of the
b-axis Nd:YAP crystal are parallel to the linear polarized light
[5, 6] along the polarized direction. Thus, with placement of
two types of crystals, the 1.0795-micrometer and 1.3414-
micrometer linear polarized laser light outputted from the dual-
wavelength Nd:YAP laser device can carry out interaction of
category I sum frequency of o+o0—e in the LiIO3crystal. For
the sum frequency coherent radiation thus obtained, after passing
through a spectroscope and a model 44W plane grating
monochromator, the radiation is received by a photomultiplier.

Then a display is shown on a model ST-22 dual-line oscilloscope

for determining the wavelength.
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Fig. 1. The axperimental set-up for measuring wavelength of radiation
. of sum frequency mixing .
1—Dual wavelength OW or pulsed Nd:YAP laser; $—L1IO, arystal; #—Model 44W :
» grating monochromator; é—Model ST-23 ascilloscope

Used in the experiment, the dual-wavelength laser has its
output power at 1.0795 and 1.3414 micrometer as 5.8 and 5.6
watts, respectively. The dual-wavelength pulsed laser operates
in free state; the output energies are 0.5 and 0.3 joule,
respectively. Under operating state of continuous and pulsed
laser, orange-color coherence radiation can be obtained from
LiIOy crystal. Between the position of the maximum measured
value of orange-color coherence radiation thus measured, and the
normal line of crystal plane, the deviation is less than 0.5°%.
By using model 44W plane grating monochromator, the measured

wavelength of orange-color light is 0.59814+ 0.0002 micrometer.

By using the Nd ion with the *Fsa—*Iue and ¢F,,—*I:
jump, a dual-wavelength laser is generated. With its sum
frequency function, continuous orange-color coherence radiation
is obtained. ©Notwithstanding at present, only milliwatt level
orange-color coherence radiation is generated. However, by
raising power density of fundamental wave in nonlinear crystal,
and by using other nonlinear crystals with larger nonlinear

coefficient, the output power will be increased. S

The first draft was received on 13 June 1990; the final,

revised draft was received for publication on 27 August 1990.
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