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Abstract Two-photon excitation microscopy is a powerful tool for studying neuronal
activities of brain. Traditional two-photon excitation microscopy technologies based on
mechanical point-by-point laser scanning are relatively slow, preventing the real-time
observation of neuronal activities. In addition, high-speed two-photon excitation microscopy
requires high-repetition-rate femtosecond lasers for ensuring high signal intensity within a
short pixel dwell time. In this paper, we demonstrate a parallel GHz ultrafast laser scanning
technology using acousto-optic deflection. By designing an RF encoding scheme, a high-speed
GHz ultrafast laser scanning system is built in the 920-nm wavelength range. By adjusting the
temporal and spatial arrangement, 33 distinguishable parallel GHz ultrafast laser scanning
beams are generated within a radio frequency range of 15-31 MHz, which pave the way to

achieving ultra-high-speed two-photon excitation microscopy.

Key words two-photon microscopy imaging; acousto-optic deflection; high-speed laser
scanning; femtosecond laser
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Fig. 4 Schematic diagram of light spot capturing via a CCD camera
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Fig. 6 Schematic diagram of a high-speed GHz ultrafast laser scanning system at 920 nm using AOD
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