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Abstract: To enhance the probe beam current of scanning electron microscopes and related devices, a
thermal field electron gun immersed in a magnetic lens field was designed to collect electrons emitted from
the cathode and increase the effective emitted beam current. The optical properties of the magnetic field-
immersed thermal field electron gun were theoretically analyzed, and the performance of three magnetic
lens configurations—single polepiece, double polepiece with axial gap, and double polepiece with radial
gap—was simulated and compared. A magnetic field-immersed electron gun was subsequently developed
based on the double polepiece with axial gap lens, and the variations in beam spot size, beam current, and

angular current density in response to the magnetic immersion lens were examined. Experimental measure-
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ments of the magnetic field distribution of the immersion lens and the effective emitted beam current of the

magnetic field-immersed electron gun were conducted using a dedicated platform. Results demonstrate

that the measured magnetic field distribution closely matches simulation predictions. The effective emitted

beam current reached 44. 97 nA at a low acceleration voltage of 3. 3 kV and 638. 12 nA at a high accelera-

tion voltage of 23. 5 kV, representing an approximate fourfold increase compared with conventional ther-

mal field electron guns.
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Fig.1 Schematic structure and principle of thermal field

electron gun immersed in magnetic lens field
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Fig.2 Structures of three magnetic immersion lenses
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Tab.1 Simulation results of electron optical properties of three magnetic immersion lenses
o Field half- Coil cur-
Lens excitation . e Znax C, d. B )
Lens structures width rent density
/At /T /mm /m /nm /T
/mm /(Ascm™)
Single polepiece 3101.55 17.91 0.13 —3.90 5.41 1.26 0.97 290.45
Double polepiece with radial gap 2234.68 14.95 0.13 —3.38 6.12 1.65 0.97 407.79
Double polepiece with axial gap 2421.71 17.41 0.13 —3.90 5.48 1.28 0.88 226.79
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Tab.2 Simulation parameters of magnetic field im- g4k (@) g‘ J
mersed thermal field electron gun E e :
Simulation parameter Value \E- 84k v"""xi Cocl{lirnrl:rgon_(
Tip radius /pm 1 ’ i
Position of tip/mm 0 E
Suppressor voltage /V —300 B i
Extractor voltage /V 5000 %— E
Accelerator voltage /V 30000 :
Diameter of gun aperture/pm 250 4
Position of gun aperture/mm 30. 45 - 1:32 i
Diameter of polepiece /mm Upper 59, lower 10 i; - g 1
Polepiece gap/mm 19 0.00 E
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Fig. 6 Performance variation of magnetic field immersed

thermal field electron gun with lens current
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Tab.3 Simulation results on property of magnetic field immersed electron optical system under different working modes

Working modes  Lens excitation/At  «,/mrad M d,/nm d.,/nm d./nm d,/nm M,
High resolution 0 0.15 0. 009 0.20 0.77 0.29 0.97 =
Divergence 3139 1.53 0.093 2.61 0.77 0. 30 3.05 7.3
3204 2.15 0.130 3.64 0.77 0. 30 4.05 14.2
3293 4.82 0.291 8.18 0.78 0.37 8.51 71.5
Parallel 3 307 5.93 0. 358 10. 06 0. 80 0.40 10. 37 108. 1
Convergence 3323 8.23 0.497 13.96 0. 86 0.51 14. 27 208. 3
3332 10. 30 0.622 17.49 1. 00 0.64 17. 83 326.8
3340 13.78 0. 832 23. 38 1.49 0.92 23.90 584. 1
Crossover 3438 4.83 —0.292 8. 20 0.78 0. 37 8.53 71.8
3528 2.17 —0.131 3.69 0.77 0. 30 4.09 14.5
3596 1.53 —0.093 2. 60 0.77 0. 30 3.05 7.22
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Tab.4 Simulation parameters and results of magnetic

field immersed thermal field electron gun

Without Magnetic

Performance Parameters magnetic field im~-

field mersed
Tip radius/pm 0.5 0.5
Suppressor voltage/V —300 —300
Extractor voltage/V 5000 5000
Accelerator voltage/V 30 000 30 000
Lens excitation/At — 1520.0
Reduced brif?lnfSS/(A*m “e 3 26X10° 3. 25X 10°

st eV

Dimeter of crossover/nm 22.30 192. 26
Position of crossover/mm —2.43 158. 58
Spherical aberration/nm 5.95 871. 06
Chromatic aberration/nm 0.93 51.98
Beam half-angle/mrad 3.34 0.91
Angular intensity/(mAssr ') 3.80 283. 69
Effective beam current/nA 133. 11 726.52
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U KRR A iU S TN 7 NI I 0 NI BB
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Fig.9 Experimental platform of magnetic field immersed thermal field electron gun
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Fig.10 Comparison between simulated and measured re-
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Fig. 12 Focusing process of beam spot
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Fig. 14 Variation of effective beam current of magnetic

field immersed electron gun with extractor voltage
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Fig. 15 Variation of effective beam current of magnetic

field immersed electron gun with accelerator voltage
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