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Fig. 1. Cross-sectional view of the small-size streak tube.
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Fig. 2. (color online) Potential distribution on the

meridian plane of the small-size streak tube.
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Fig. 3. (color online) Trajectories of electrons emitted from the cathode.
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Table 1. Deflection sensitivity and spatial resolution when

deflection plates are situated on different locations.
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Fig. 4. Schematic diagram of deflection plates.
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Fig. 5. (color online) Trajectories of electrons emitted
from the center of the cathode and partial enlarged
detail.
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flection voltage.
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Fig. 7. Electron pulses with the duration of 30 ps.
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Fig. 8. Sweeping results of electron pulses with the
duration of 30 ps: (a) Beam spot of electron pulses on
the screen; (b) probability distribution of electrons in

the meridian direction.
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Fig. 10. Swept image of the slit electron pulses with
the duration of 50 ps.
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Fig. 11. (color online) Trajectories of slit electrons at the different instant time: (a) t = 1350 ps; (b) t = 2020 ps;

(c) t = 2150 ps; (d) t = 2450 ps.
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Fig. 12. Swept voltage on the deflection plates.
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Fig. 13. (color online) The distribution of slit electrons on the end of the deflection plates.
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Fig. 14. (color online) Electric field distribution of the streak tube.
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Dynamic properties of a small-size streak tube

Hui Dan-Dan"?  Tian Jin-Shou®’ Wang Jun-Feng? Lu Yu"
Wen Wen-Long") Xu Xiang-Yan!

1) (Key Laboratory of Ultra-fast Photoelectric Diagnostics Technology, Xi’an Institute of Optics and Precision Mechanics,
Chinese Academy of Sciences, Xi’an 710119, China)
2) (University of Chinese Academy of Sciences, Beijing 100049, China)

( Received 17 August 2015; revised manuscript received 18 September 2015 )

Abstract

Scannerless (flash) lidar system based on streak camera is able to realize three-dimensional (3D) multi-spectral
fluorescence imaging and 3D imaging polarimetry. Compared with conventional lidar system, the flash lidar system
overcomes image distortions caused by the motion between the target and the sensor platform. Other advantages of the
flash lidar system are higher image update rates and the potential for creating a miniaturized lidar system. To meet
the requirements for developing this new technology, a super small-sized, large photocathode area and meshless streak
tube with spherical cathode and screen is designed with the aid of computer simulation technology (CST) software.
The tube with nearly 28 mm wide photocathode work area contains two electrostatic focusing lens, a pair of deflection
plates, and a 50 mm diameter output screen. The external dimension of the tube is merely 50 mm x 100 mm. And its
electromagnetic fields are calculated in the CST Particle Studio based on the finite integration theory. Some dynamic
properties of the tube are analyzed via observing different electron trajectories launched from a number of different points
on the cathode. The influences of the deflector position on deflection sensitivity and spatial resolution are analyzed.
Increasing the distance between the deflector and the anode pin hole leads to a worse deflection sensitivity but a better
spatial resolution. As for the temporal resolution, three electron pulses separated by 30 ps can be well resolved by
the streak tube in the dynamic mode. Thus, the dynamic temporal resolution of the streak tube is better than 30 ps.
And a 10 lp/mm spatial resolution across the 28 mm long slit on the photocathode can be obtained by estimating
modulation transfer functions of the electron trajectories. Temporal distortions at the entire photocathode working area
are evaluated, and the data reveal that the larger the photocathode working area, the bigger the temporal distortions
are. Also, the temporal distortion is present mainly in the photocathode-to-deflection plates region. In addition, the
slit image of the streak tube working in the dynamic mode is simulated and presented. The phenomenon that the slit
image is curved due to the temporal distortion is analyzed. Two rectangular electron pulses separated by 50 ps are well
resolved by the streak tube. Therefore, the temporal resolution of this small-size steak tube is better than 50 ps with a

rectangular slit dimension of 30 mm x 50 pm on the photocathode, and its electron-optic magnification is 1.2.

Keywords: scannerless lidar system, meshless, electron trajectories, temporal distortion
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