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Table 1 Results of dynamic extinction ratio test
Relationship between the polarization directions I../mW I,../mW Extinction ratio Half-wave voltage /V
P, LP, 2.0 457 228:1 906
P,//P, 1.6 406 254:1 925

Note: The system extinction ratio is 10" :1,
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Abstract

Objective Electro-optic slitter is a type of laser pulse shaping device based on electro-optic effect. It is widely used
in laser amplification systems, nonlinear optical systems, laser fine machining, and other applications. At present,
there are commercial slitters made of DKDP, BBO, RTP, KTP, and other electro-optical crystals. These slitters are
affected by crystal cutting type and working mode, whose aperture is between 2 and 20 mm, and the half-wave
voltage is several thousand volts or even ten thousand volts. The extremely high half-wave voltage greatly affects the
preparation and performance of the driving power supply. However, it is relatively easy to obtain an electrical pulse
with fast-rising time and narrow pulse width at low voltage for the driving power supply, thereby improving the
repetition frequency of the device, reducing the power dissipation of the whole device, and reducing electromagnetic
interference to other electronic devices in the system. Therefore, reducing the half-wave voltage positively improves
the overall performance of the electro-optical slitter. The advantages and disadvantages of DKDP, BBO, RTP, KTP,
and LN crystals are compared. From the requirements of the electro-optical slitter, LN crystal, as the core
component of the electro-optical slitter, is selected for designing and preparing the slitter. In this study, we design
and fabricate a low half-wave voltage LN electro-optic slitter.

Methods The electro-optic effect theory provides the electro-optic characteristics of LN crystal when an electric
field is applied along each axis. The electro-optic effect is maximized using 90° wx-cut crystals with radiation
propagating and control voltage applied along the x- and z-axes, respectively. Also, we achieve a compensation of
natural birefringence using two LN crystals whose z-axes are rotated relative to one another by 90°. A low half-wave
voltage LN electro-optic slitter is fabricated and the optical quality, half-wave voltage, extinction ratio, and slitting
performance of the slitter are measured and characterized.

Results and Discussions After processing and coating, LN crystals are packaged in an elastic holder (Fig. 3).
The electro-optic slitter consists of two Glan-laser lenses with orthogonal polarization directions and a set of LN
crystals (Fig. 4). By observing the conoscopic interference pattern of two matched LN crystals without electricity
and applying a DC high voltage, the optical quality of the x« faces of the LN crystal is good (Fig. 6). Also, the
extinction ratio of the slitter is measured in the orthogonal polarized and parallel polarized systems. In the orthogonal
polarization system, the output optical power increases with increased voltage and reaches the maximum value at the
half-wave voltage. In the parallel polarization system, the output power is minimum at the half-wave voltage
(Fig. 7). The half-wave voltage is measured at ~900 V under DC high voltage with a dynamic extinction ratio of
200 : 1 (Table 1). When the electro-optic slitter is driven by a pulsed high voltage of 800 V, 0.95 ns, and 1 Hz
(Fig. 8), a1.46 ns, 1 Hz laser pulse output is obtained from a 1064 nm continuous wave laser (Fig. 9).

Conclusions In this study, we investigate the key factors affecting the half-wave voltage of an electro-optic slitter.
Results show that an effective method for reducing the voltage is applying the crystal with large effective electro-
optic coefficient and designing the transverse/longitudinal ratio of the crystal. Thus, a low half-wave voltage LN
electro-optic slitter is designed and fabricated. Furthermore, the electro-optic effect is maximized using 90° x-cut
crystals with radiation propagating along the wx-axis and the control voltage applied along the z-axis. Also,
compensation of natural birefringence is achieved using two LN crystals whose z-axes are rotated relative to one
another by 90°. The optical quality of the z-faces of the LN crystal is good. The half-wave voltage is measured at
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~900 V under DC high voltage, and the dynamic extinction ratio is 200 : 1. Upon driving the electro-optic slitter
using a pulsed high voltage of 800 V, 0.95 ns, and 1 Hz, we obtain a 1.46 ns, 1 Hz laser pulse output from a
1064 nm continuous wave laser. The output laser pulse waveform of the electro-optic slitter is related to the
electrical pulse waveform of the driving power supply. For future work, we hope to obtain a laser pulse with a
narrower pulse width by reducing the width of the electrical pulse.

Key words nonlinear optics; lithium niobate crystal; electro-optic effect; dual crystal matching; slitter
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