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Fig. 1. Cross-sectional view of the streak tube.
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Fig. 2. Trajectories of electrons emitted from the cathode.
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Fig. 4. Potential distribution of the streak tube: (a) Potential distribution on the meridian plane; (b) potential along the 2z axis;

(b) the first and second derivatives of the potential along the zaxis.
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1 OLHEBIN 10 mm x 4 mm PAGTHOCHE T RN 2 R

Table 1. Temporal and spatial resolution of photoelectrons emitted within 10 mm x 4 mm of the photocathode.
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Fig. 7. Deflection distance versus voltage applied on deflec-
tion plate.
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Fig. 8. Spatial resolution of the electrons emitted at differ-
ent distances from the axis varies with the deflection
voltage: (a) Sagittal direction; (b) meridian direction.
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Fig. 9. Sine sweep voltage signal.
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Fig. 10. Emitted electron pulses from photocathode and its
scanning image: (a) M-C sampling electron pulse sequences;
(b) scanning image of the electron pulses with an interval of
10 ps.
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Fig. 11. Simulation results of dynamic spatial resoluiton: (a) Distribution of the scanning image on the phosphor screen; (b) intens-

ity distribution of the scanning image along the sagittal direction.
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Fig. 12. Dynamic scanning image of a 10 mm X 20 pm slit pulses with an interval of 2.3 ps.

P, MR SR S0 B T R T —1> €16 mm
(9 I S FLAR G BRI . 25 45 BUAE 1 BR AR R A =2 (1]
Jn4-200 V B B HUE, AR A GIR 10 1x (B
B 25 B G HL TR ™ A DGR I LA RN ) B, 2%
SUE ) PLS 4 208 pA /lm. @53 #2F STR Control
Program 4 v (1% 4 5 08 B v (AT 94 95 38 [N
400—950 nm) % i 8 B HL BB OB, 7S
SERAM Y PRS #h£RAnIE 14 FfR, RTLLE 1, % 5%
LU I L SRR A A 1T Wi BEARRE M, I 4
BT S e 7 RAURE B, 7E 400—550 nm P
P A 4R S RO = T 30 mA/W.

SR R 1 R AR SO S A
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Fig. 14. Photocathode radiation sensitivity results.
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Fig. 15. Static test platform.
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Fig. 16. Test result of static spatial resolution of photocath-

ode center.
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Fig. 17. Results of synchronous scanning temporal resolu-
tion test: (a) Scanning image collected by CCD; (b) intens-
ity distribution of the scanned image along the scanning
direction.
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Abstract

A synchroscan streak tube with high spatiotemporal resolution and high deflection sensitivity is proposed,
which contains several innovation designs. Some measures are taken to improve the imaging performances of the
streak tube. Firstly, in order to obtain a high deflection sensitivity, the difference in voltage between the
photocathode and anode and the length of the equipotential region of the streak tube are reduced as much as
possible. Secondly, by introducing a hyperfine grid behind the cathode, reasonably designing the voltages
applied to the six-electrode electrostatic focusing system, and moving the electron beam crossing point to the
entrance of the deflection plates, the temporal dispersion and the temporal distortion of the streak tube are
reduced, and the spatiotemporal resolution of the streak tube is improved. Besides, the streak tube is technically
analyzed by tracking the temporal and spatial distribution of electrons under an operating voltage of 7000 V
with the aid of computer simulation technology (CST) software. The results show that the deflection sensitivity is
125 mm/kV, the physical temporal resolution is better than 1.83 ps @MTF = 10%, and the static spatial
resolution on the photocathode is better than 38 lp/mm @MTF = 10% over the effective photocathode area
with a size of 10 mm x 4 mm. By applying a synchronous scanning voltage with a repetition frequency of
250 MHz to the deflection electrode, the results show that the dynamic spatial resolution of the streak tube is
better than 16 lp/mm, the limit of the dynamic temporal resolution is 1.39 ps, and two rectangular electron
pulses with a size of 10 mm x 20 pm and an interval of 2.3 ps emitted from the photocathode can be well
resolved by the streak tube. In addition, the experimental measurements are conducted with a streak tube
developed in our laboratory. The results demonstrate that the photocathode of the streak tube can work in the
entire visible light region, and the response in the short wavelength region is significantly better than that in
the long wavelength region. The static spatial resolution of this streak tube is 40 lp/mm in the center of the
photocathode. The temporal resolution of this streak tube is 5.55 ps measured under a synchronous scanning
voltage with a repetition frequency of 75 MHz.

Keywords: synchroscan streak tube, deflection sensitivity, ultra-fast low light diagnosis, spatiotemporal

resolution
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