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Abstract: In response to the application requirements of high-resolution Reflection High-Energy Electron
Diffraction (RHEED) in the fields of microelectronics manufacturing and surface analysis, and considering
that a long working distance, micro-beam spot size, and small beam half-angle electron gun are key com-
ponents for achieving high-resolution RHEED detection, a micro-beam spot RHEED quasi-parallel beam
electron gun was developed. The characteristics of the electron gun's electron optical system were ana-
lyzed, and a low-aberration focusing magnetic lens was designed utilizing electron optical simulation soft-
ware. An experimental platform was set up to measuring the beam spot diameter, beam current, and
beam half-angle performance of the developed electron gun, as well as to conduct diffraction imaging tests

on highly oriented pyrolytic graphite (HOPG) samples. The experimental results show that at a working
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distance of 500 mm, the beam spot diameter of the RHEED quasi-parallel beam electron gun is 47. 1 pm

(at an acceleration voltage of 30 kV), The emission current and the beam half-angle are 144. 96 pA and

0. 289 mrad respectively (at an acceleration voltage of 15 kV). Clear diffraction spots which intensity cor-

responding to the crystal structure factors were obtained on the HOPG sample.

Key words: electron optics; Reflection High Energy Electron Diffraction (RHEED) ; electron gun; qua-

si-parallel electron beam
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Tab.1 Performance of RHEED magnetic lens at different lens positions

Lens position/mm M d,/pm d./pm d./pm d,/pm d./um a,/mrad
50 —10.76 81.45 0.025 0.007 0.019 81.46 2.15
60 —8.90 67.33 0.021 0. 006 0.019 67.33 1.78
70 —7.58 57.37 0.018 0. 005 0.019 57.37 1.52
80 —6.60 49.98 0.016 0. 004 0.019 49.98 1.32
90 —5.85 44.27 0.014 0. 004 0.019 44. 27 1.17
100 —5.25 39.73 0.013 0. 004 0.019 39.73 1.05
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Tab.2 Performance of RHEED magnetic lens at different S/D

S/D Lens current/A d,/pm d./pm d./pm d,/pm d./um a,/mrad
0.3 523. 58 44.83 0.012 0. 004 0.019 44.83 1.29
0.4 492.79 44.83 0.016 0. 004 0.019 44.83 1.29
0.5 448. 04 44,83 0.022 0.004 0.019 44.83 1.29
0.6 417.15 44. 84 0.029 0. 004 0.019 44.84 1.29
0.7 394. 65 44.85 0.037 0. 004 0.019 44.85 1.29
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Tab.3 Simulation results on the properties of RHEED electron gun with different accelerating voltages

Accelerating Brightness Emission  Lens cur- a, d, d, d, d, d,

voltages/kV " /(10" Ascm “sr ') current/pA  rent/At /mrad /pm  /pm  /pm  /pm  /um
10 10. 86 0.32 2.99 284.51 1.29 69.84 0.016 0.013 0.033 69.84
15 9.25 0.82 5.5 348. 06 1.29 59.55 0.016 0.008 0.027 59.55
20 8.23 1.6 8.57 401. 64 1.29 52.98 0.016 0.006 0.023 52.98
25 7.64 2.5 11.62 448.82 1.29 49.18 0.016 0.005 0.021 49.19
30 6.97 4.2 16. 15 491.85 1.28 44.63 0.016 0.004 0.019 44.64
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Sampling location/mm d,/pm a/mrad
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25 123.82 0. 387
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