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Fig. 1 Optical schematic of a resonator for self- mode- Fig. 2 Schematie setup of the self-mode-locked laser with
locking with a hard-aperture A, closed to Af, and & Ti: sapphire rod in the cavity as Kerr media.
another aperture A; closed to A, for sclecting Iis I,: lenses with 8/2 focal length
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Fig. 3 Relative change of beam waist radius in the rod Fig. 4 Relausc change of the stability parameter S versus
(Solid line), on mirror M, (dashed) and M, the effective distance between I, and L,
(dotted) versus the effective distance between I,
and L,
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Fig. 5 To start self-mode-locking easier, the rod position Fig. 6 Stable range of a folded -mirror cavity for the
z, versus the distance X = z; 4+ =z, is shown self-mode-locked laser. Solid line; tangent plane;

Dashed line; sagittal plane
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Resonator Design of a Sclf-mode-locked Ti:sapphire Laser

Zhao Yonghua Liu Yupu Zhang Yinghua
(Shanghai Institute of Optics and Fine Mechanics, Academia Sinica, Shanghai 201800)

Abstract A theory of self-mode-locking of Titsapphire laser is described. A nonlinear
ABCD matrix, derived from the aberrationless theory of self-focusing, is introduced to treat
the propagation of Gaussian beams in materials with Kerr nonlinearity, showing that self-
focusing in the laser rod leads to modification of the Gaussian beam parameters either in the
rod or on the resonator mirrors. An optimum resonator design for Kerr-lens-mode-locking
with (or ‘without) hard-aperture is given. A theoretical prediction is confirmed by the

experimental result.

Key words self-mode-locking, Ti:sapphire laser, Kerr-lens-effect, resonator
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