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Non-Collinear Interaction Model in the Second Harmonic Generation
of the Copper Vapor Laser Beam
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The laser beam of the copper vapor laser (CVL) with the unstable resonator was focused in
a nonlinear crystal, barium borate. The ultraviolet light at 255.3nm was generated with the
conversion efficiency of 8.9% at the CVL average power of 2.55 W. We calculated the
conversion efficiency on the basis of the model, in which the focused beam of CVL was
considered as a set of bundles of rays which propagated to different directions in a crystal and
non-collinear interaction between these bundles of rays was investigated. This model was
called non-collinear interaction model. We found that the result of the calculation agreed
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with the result of the experiment.
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Fig. 1 The copper vapor laser beam with the beam divergence 460
focused in a crystal. The spot size is 2 460 f.
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Fig. 2 Model of the focused copper vapor laser
beam. The beam consists of the bundles of the
rays which propagates to different directions.
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Fig. 3 Non-collinear interaction area between
two bundles of rays. Area A: AYiDE, Area
B: ODEGF, Area C: aFGH, i : non-collinear
interaction length between two bundles of rays.
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Fig. 4 Non-collinear interaction area between
two bundles of rays when crystal length (!) is
less than the interaction length (/).
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Fig. 5 Theoretical conversion efficiency vs. focus
length on the basis of the non-collinear interac-
tion model. Parameters are as follows: beam
divergence (46o)=0.1mrad, effective nonlinear
coefficient (detr)=1.6X10"12m/V, walk-off angle
(0)=0.08 mrad, CVL peak power (P.)=25kW.
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Fig. 6 Optimum focus length vs. CVL beam
divergence on the basis of the non-collinear
interaction model.
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Fig. 7 Experimental setup. F : the fundamental
light at 510.6 nm, SH: the second harmonic
light at 255.3nm, PBC: a polarizing beam
splitter, DF : a dichroic filter which transmits
the green laser beam and reflects the yellow one.
A pair of concave and convex mirrors forms a
confocal type unstable resonator.
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Fig. 8 The conversion efficiency as a function
of average power for three different focusing
lenses when the magnification of the unstable
resonator is 20.
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Fig. 9 The conversion efficiency as a function
of average power for three different focusing
lenses when the magnification of the unstable
resonator is 60.
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Fig. 10 CVL pulse shapes. (a) at the average
power of 0.8 W, (b) at the average power of
1.5W, (c) at the average power of 2.3 W.

Table 1 Comparison between the experimental
result and the theoretical calculation.

Max conversion | Optimum focus
efficiency (%) length (mm)
A B A B
Measured 6.0 8.9 400 450
Noncollinear 4.0 6.5 350 450

A : Magnification of the unstable resonator=20,
460=0. 15 mrad.

B : Magnification of the unstable resonator=60,
460=0. 1 mrad.
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