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Streak Tube with Large Work Area and Small Size
Used in Lidar Detection System
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Abstract A small-size streak tube with electrostatic focusing lens is designed with the aid of three—dimensional
electromagnetic simulation software, CST. Distances between electrodes of the streak tube and their voltages are
determined by orthogonal experiments. Also, according to the aberration theory of the streak tube, its imaging
qualities are analyzed and evaluated systematically. The optimal streak tube possesses predominant performances.
The diameter of work area of the photocathode is larger than 28 mm; physical temporal resolution is better than
30 ps; static spatial resolution at the margin of the photocathode is greater than 20 Ip/mm; electron— optical
magnification of the tube is 1.07; overall length of the streak tube is only 100 mm; outer diameter of streak tube is
50 mm. The designed streak tube with large work area and small size meets the requirements of scannerless lidar
systems in the applications of military imaging scenarios, space exploration and marine detection.
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Fig.1 (a) Structure of the small-size streak tube; (b) section view of the small-size streak tube
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Table 1 Orthogonal factors level table

Project Factor
Focusing electrode Distance between cathode Distance between grid and
Level Grid voltage V, /V
voltage Vi /V and grid d., /mm focusing electrode dy /mm
1 315 740 1.4 5.5
2 325 750 2.4 6.5
3 335 760 34 7.5
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Table 2 Orthogonal experiments with its range analysis

Column number 1 2 3 4 5 6 7 8 9 10
Vacant  Temporal Sagittal spatial Meridian spatial
Factors vorve v v vEVe VAV dy fem dy /lem
column resolution /ps resolution /(Ip/mm) resolution /(Ip/mm)

Exp.1 1 1 1 1 1 1 1 27.25 62.26 52.88
Exp.2 1 2 2 2 2 2 2 29.41 838.6 1908
Exp.3 1 3 3 3 3 3 3 30.49 66.12 64.34
Exp.4 2 1 1 2 2 3 3 28.74 1413 1585
Exp.5 2 2 2 3 3 1 1 30.59 71 66
Exp.6 2 3 3 1 1 2 2 27.14 67.31 54.89
Exp.7 3 1 2 1 3 2 3 30.47 66.51 63.32
Exp.8 3 2 3 2 1 3 1 26.98 71.5 56.5
Exp.9 3 3 1 3 2 1 2 28.53 294.6 205.3
Exp.10 1 1 3 3 2 2 1 29.15 451.7 1742
Exp.11 1 2 1 1 3 3 2 30.54 64.07 61.53
Exp.12 1 3 2 2 1 1 3 27.03 56.61 48.62
Exp.13 2 1 2 3 1 3 2 27.18 81.57 63.02
Exp.14 2 2 3 1 2 1 3 28.79 1087 275.7
Exp.15 2 3 1 2 3 2 1 30.53 66.78 63.26
Exp.16 3 1 3 2 3 1 2 30.49 74.41 68.99
Exp.17 3 2 1 3 1 2 3 27.05 65.7 53.88
Exp.18 3 3 2 1 2 3 1 28.47 1976 272.6

K1 28.978 28.88 28.773 28.777 27.105 28.78 28.828
Temporal K2~ 28.828 28.893 28.858 28.863 28.848 28.958 28.882
resolution K3 28.665 28.698 28.84 28.832 30.518 28.733 28.762
Range R 0313 0.195 0.085 0.086 3.413 0225 0.12

K1 256.56 358.242327.735553.858 67.492 274.313 449.87

Sagittal
K2 464.443366.312515.048 420.15 1010.151259.433 236.76
spatial
, K3 424.787421.237303.007171.782 68.148 612.043 459.16
resolution
Range R 207.883 62.995 212.041382.076 942.658 352.61 222.40
K1 646.228595.868336.975130.153 54.965 119.582 375.54
Meridian 4 351 312403.602403.593621.728 998.1 647.558 393.62
spatial
_ K3 120.098118.168 377.07 365.757 64.573 350.498 348.48
resolution

Range R 526.13 477.7 66.618 491.575 943.135 527.976 45.145
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Fig.2 Point spread function of the electrons transit time from the center of the photocathode to the screen
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Fig.3 (a)TMTF of electrons emitted from the different positions on the photocathode in slit direction;

(b) variation of physical time resolution with distance to the axis in slit direction
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Fig.4 SMTF of electrons emitted from different positions on the photocathode in (a) slit and (b) scanning directions
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Table 3 Aberration in sagittal surface of the streak tube

. Distortion /% Spherical aberration /pm Coma /pm Field curvature /pm
Distance to

. Sagittal Meridian Sagittal Meridian Sagittal Meridian Sagittal Meridian

axis/mm R . . . . . . . . . . . . . . .
direction direction direction direction direction direction direction direction

2 -0.0049 -0.0013 10.9 4.3 0.05 1.55 -0.3 -1.3

4 -0.0134 -0.0068 14.1 9.5 2.0 2.35 -1.8 -.36

6 -0.095 -0.0009 14.5 11 3.3 4.5 0.4 -0.5

8 -0.0069 0.0044 14.1 10.9 3.5 5.2 0.5 -0.4

10 -0.0030 0.0080 14 11.1 5.5 2.25 1.0 -0.3

12 -0.0019 0.0079 16 12.9 4.4 5.9 2.0 0.9

15 0.0155 0.03 95 106 48 49.5 34.0 36.7
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