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Abstract: Conventional fixed-focus wafer laser stealth dicing is susceptible to stage-motion disturbances,
structural resonance, and environmental microvibrations during high-speed operation. These disturbances
can induce dynamic focal displacement and time-varying defocus errors, resulting in nonuniform cutting
depths, reduced processing consistency, and lower product yield. To address these limitations, a laser-tri-

angulation-based method for dynamic focus tracking and error compensation is proposed. A real-time focal-
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offset detection system is developed using noncontact laser triangulation to measure dynamic focal displace-
ment and characterize disturbances during high-speed processing. The coupled transmission mechanisms
of multiple disturbance sources are analyzed, and a dynamic defocus error model is established to elucidate
the relationship between these disturbances and focal displacement. A two-level compensation architecture
integrating offline static calibration with online dynamic correction is adopted. A composite feedforward -
feedback control algorithm incorporating peak-filter-based suppression of high-frequency disturbances is fur-
ther designed to enable dynamic focus tracking and closed-loop defocus error compensation. Experimental
results demonstrate effective suppression of dynamic defocus errors and processing disturbances. The tra-
jectory tracking error is reduced from +3.5 pm to +=0. 50 um, and a dynamic focal-position compensation
accuracy of +0.25 pm is achieved. Processing stability and modified-layer consistency are substantially

improved, supporting the industrial application of high-speed, high-precision laser stealth dicing for high-

end ultrathin wafers.

Key words: wafer laser stealth dicing; dynamic focus tracking; dynamic defocus error compensation; la-

ser triangulation measurement
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Fig.1 Workflow of dynamic focus tracking and error

compensation for wafer laser stealth dicing
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Fig.2 Schematic diagram of dynamic tracking detection
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Fig. 3 Schematic diagram of overall system for dynamic

focus tracking of wafer laser stealth dicing
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