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Abstract: Simultaneous spatiotemporal focusing (SSTF) is applied to lens tissue and compared
directly with standard femtosecond micromachining of the tissue at the same numerical aperture.
Third harmonic generation imaging is used for spatio-temporal characterization of the processing
conditions obtained with both a standard and SSTF focus.

1. Simultaneous spatiotemporal focusing with application to micromachining

Simultaneous spatiotemporal focusing [1-2] enables the precise delivery of energetic pulses as a result of the
effective suppression of nonlinear processes such as self-focusing [3-4]. Figure 1 illustrates the dramatic difference
between a standard focus (left) and a SSTF focus (right) as function of pulse energy.

Fig. 1.Comparison of a standard focus (left) and an SSTF focus (right)

In figure 1, the plasma breakdown created at focus is imaged as a function of increasing pulse energy. In the
standard case (left column), as the pulse energy is increased the focal spot shifts away from the paraxial image plane
and moves toward the focusing optic. Once the energy is increased by ~3.5 times, the focal spot has shifted by ~200
um and is visibly distorted. In contrast, the SSTF focus remains at the paraxial focal plane and is undistorted even
when the pulse energy is increased by ~9 times. This localization makes SSTF much more amenable to large scale
tissue manipulation where energetic pulse delivery is desirable as a result of the broad range of tissue conditions and
the necessity to maintain precise delivery as a result of having to ablate close to sensitive membranes.

2. Lens tissue

This localized behavior is immediately realized as applied to tissue ablation. In figure 2, histological slices of
porcine lens tissue ablated with a standard focus and an SSTF focus are compared. In each instance, a 35 um focal
spot was directed at the surface of a porcine lens. The pulse duration was ~75 fs, the pulse repetition rate is 1 KHz,
the average laser power is 90 mW, and the sample translation speed was kept constant in all cases. Identical
ablation conditions results in significantly different damage morphology. The damage with the standard focus
extends for 100°s of um into the sample, while the SSTF ablation zone is limited to the targeted surface of the lens.
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Fig. 2. Comparison of surface ablation of porcine lens using SSTF (left) and a standard focus (right)

3. Third harmonic generation characterization

An extremely useful nonlinearity, third harmonic generation (THG), can be used to characterize both the spatial and
the temporal characteristics of the SSTF focus. In addition, THG can be used to quantify the sample morphology
post processing. THG images comparing SSTF ablation with a standard focus on the front surface, in the bulk, and
the back surface of a controlled material will be presented at the conference.
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