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Fig. 1. Influence of the accelerating electrode on potential distribution: (a) P-S accelerating electrode; (b) P-M accelerating elec-

trode.
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Fig. 2. Influence of the accelerating electrode on electron

transmittance.
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Fig. 4. Schematic diagram of the femtosecond streak tube.
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Fig. 7. Deflection system: (a) The deflection plates settings; (b) swept voltage on the deflection plates.
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Fig. 8. Initial distribution of the electron sources: (a) Time distribution; (b) energy distribution.
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Fig. 10. Dynamic spatial modulation transfer function: (a) Slit direction; (b) scanning direction.
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Table 1.  Spatio-temporal resolution versus different width of anode slit.
P BCRE T2 dy, g /1 %{%ﬁﬁﬁ%?}?] Efﬁ*{ﬁfﬂﬁ]ﬁ"{lﬁJ fjﬁfﬂﬂﬂlﬁ\iﬁi iJﬂSﬁmJﬁﬁﬂ?ﬁ
% /(Ipmm ') PR /(Ipmm 1) (FIRAE ) /fs (Bes K it) /fs
10 245 97 47 82
20 155 71 76 86
30 112 47 84 93
40 92 37 93 103
50 71 29 116 122
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H# 7 m B9 E /N T 30 pm, BhA %S B4R
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Table 2.  Spatio-temporal resolution versus different effective cathode length and anode slit width.
s . FRARREETERE dpoqe/Hm

10 20 30 40 50
WRBETT 10 7525 (W73 HE % /(Ip-mm ) 245 155 112 92 71
BAM A %K 4 mm P 7 10 30378 W53 38 % /(lp-mm ™) 97 71 47 37 29
AT RIS PR (st K AT /fs 82 86 93 103 122
WREETT 0 7525 (W) 73 B8 /(Ip-mm ) 72 48 33 26 22
BAMR A %K A8 mm B msh 7325 W5 3% /(1lp-mm ™) 97 71 47 36 29
Bl [R] 53 PR (REE KT /15 166 170 175 184 191
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KT IERT MR AR T, BOGhFESMX
TR O ) 28 (RSN 2) Y AR AT
K BEBE I, VB 4% ] (1) 25 18] 23 3 45 7 B
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100-fs time-resolved streak tube design based on
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Abstract

Reducing the space charge effect and the time dispersion caused by the edge field effect of the scanning
deflection system is the key to realizing a 100-fs streak tube. In this paper, a novel fs streak tube is proposed
and designed. The factors affecting its temporal resolution are analyzed theoretically and the specifications are
given. Parameters including the electric field distribution and electron transmittance of the two common
acceleration systems (planar cathode-mesh accelerating electrode and planar cathode-slit accelerating electrode)
are compared with each other and analyzed theoretically. The results show that although the electric field
distribution formed by the planar cathode (mesh accelerating electrode) can form uniform electric field, the
electron transmittance is very low; planar cathode-slit accelerating structure will defocus the photoelectron
beam along the scanning direction, but the electron transmittance in the effective detection range of the cathode
is as high as 100%. The defocusing of the photoelectron beam can be removed by setting a narrow slit in front
of the anode. The focusing electrode adopts two sets of plate-like structures which are vertically positioned in
front and back to form a one-dimensional focusing electric fields along the scanning direction and the slit
direction, respectively. The spatial focusing electrode is arranged close to the phosphor screen, which is
beneficial to pushing back the cross-point of the electron beam along the spatial direction. Thus, the electron
transit time dispersion in the condition of large electron density will decrease. At the same time, the anode can
provide a post-accelerating voltage of +5000 V, which is beneficial to shortening the transit time and dispersion
of the photoelectrons, thereby improving the temporal resolution. Based on the above theoretical analysis, a
novel femtosecond streak tube is designed by using the planar cathode-slit accelerating electrode, anisotropic
focusing system and post-accelerating method. The influence of the anode slit width on the spatial and temporal
resolution is simulated. The results show that the temporal resolution deteriorates with the increase of the
anode slot width (10—50 pm), due to the fact that the increase of the anode slit width will lead to the gradual
increase of the size of the electron spot along the scanning direction, which will lead to the increase of the
technical time dispersion. In addition, this study gives the simulation results of the femtosecond streak tube
when the anode slit width is in a range of 10— 50 pum. The results show that the static spatial resolution is
higher than 100 lp/mm at MTF = 10%, dynamic spatial resolution is higher than 29 lp/mm at MTF = 10%,
the temporal resolution is better than 122 fs in the range of 4-mm cathode effective detection length. When the
effective detection length of the cathode is increased to 8 mm, the dynamic spatial resolution of the streak tube
is higher than 22 lp/mm at MTF = 10%, and the temporal resolution is better than 191 fs.

Keywords: anisotropy focusing technology, post-accelerating technology, temporal resolution, femtosecond

streak tube
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