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lntroduction      The aCOustica■■y phase―matched noncol■ inear optica■  second har―

IIonic generation (SHG)as a nOVe■  technique to rea■ ize an efficient optica■  fre―

quency d6ub■ er is experimenta■ ly demonstrated for the first time in Te.  The

phenomenon ■s ■nterpreted as be■ ng due to the m■ x■ng of the ■nc■dent ■ight and the

acoustooptica■ ly scattered light.

Princip■ e      The possibi■ ity of this technique has been theoretica■ ■y predicted

by Harris et al and NelSOn et a■ .1′
2) The basic principle for the technique is to

compensate the phase― m■smatch △k in the conventional SHG by interacting the acous―

tic wave K (=△ 言).  The output second harmonic (SH)WaVe (ω c″
 kc)Will b9 produced

by mixttng the two input infrared waves (ω
A′

 
‐
貴1)and the one input acoustic wave

(Ω ′ お 。  Exact■ y speakingr the output frequency (ω c=2ωA±
Ω)differs from the SH

frequency 2ωA by the sma■
■ alnounl oF Ω・  ・

n case of Te there are two kinds of

interactions′  One is direct mixing of the three input waves and the other is

■ndirect m■ x■ng process.  The ■atter indirect process ar■ ses from acoustooptic

scattering (frequency of the scattered ■ight: ω
B=ω A±

Ω)f° ■■OWed by optica■  mixing

(ω C=ωA+ωB)°
  Accordingly′  the phase―matching condition for the direct process is

■=亀 +言・…は) on the other hand, to realize the indirect process' it is

essential to satisfy the following two conditions simultaneously: t=亀 +マ

( fOr the acoustooptic scattering) 。。。(2-a)and lL 〒

‐

rk 十ずL   (for the optica■

mixing).  ..。 (2-b)   TheOretica■ ■y′ by satisfying  Eqs.(2-a)and (2-b)′  the effi―

ciency of the indirect process can be ■arger than that of the dlrect process by

severa■  orders of magnitude.  To our knowledge′  however′  thiS indirect process has

never been eXperimenta■ ly exp10ited up tO date。 1)

Experimental Results The experiments were carried out in the geometry as

shown in Figs. I and 2. The pulsed longitudinal acoustic wave propagating in the

x direction (v=2290m/sec) was generated by the LiNbO, transducer. The 10.6pm

beam from a pulsed CO, laser was focused into the Te crystal which traveled tilt-

ing from the optic axis by 0O=16.3o as an ordinary wave. The confocal parameter

of the bean within the crystal was 80mm. The peak power of the laser beam was

about 50W. To satisfy the first phase-matching condition (2-a), the acoustic

frequency was tuned to be at 88MHz. Thus, the intermediate wave (ur") was gener-

ated as an extraordinary wave by the anisotropic Bragg scattering due to the photo-

elastic cronstant pnr. At the frequency of 88l4Hz, the second condition (2-b) was

- r09-



automatically satisfied and the output SH wave (1,"=5.39n) appeared as an ordinary

wave in the direction of 0C=18.6". Though the phase-matching condition (1) for

the direct process was also automatically fulfilled, it was revealed that the

efficiency fot the indirect process vtas about 3x107 times as.dominant as that for

the direct process. The SH power uras separated from the unconverted fundamental

by a sapphire plate filter. Fig.3 shows the acoust,ically phase-matched SH wave

(oa), where the lnLarizer was set so as to pass only the ordinary wave component.

When rotating the polarizer by 90o so as to pass the extraordinary $tave, no SH

power was detected as in Fig.4. When the acoustic power was switched off, or when

the acoustic frequency was changed, the SH trnwer again became zero. These experi-

mental evidences prove that the detected output was due to the above-described

nonlinear process

Conclus■ on As an example for the novel technique for SHG in Te, the experi-

ments using the longitudinal acoustic wave propagating in the x direction was

successfully dernonstrated. There are also several other acoustic waves propa-

gating in other directions which satisfy Eqs. (2-a) and (2-b). Therefore' the

restriction for the crystal orientation is much rnore relaxed than that in the

conventional collinear index-matching technique. It is considered that the tech-

nique is especially suitable for Te since the optical nonlinearity and the acousto-

optic figures of merit are anomalously large in the material.4) Besides, it is

possible to apply this technique to a parametric oscillator in which the oscilla-

tion frequency can be varied by changing the acoustic ft"qo.t"y.l)
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