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Abstract: Alumina were fabricated by digital light processing 
(DLP) with alumina powders. Alumina surface morphology, 
microstructure and properties were studied by scanning electron 
microscopy and performance test system of electron gun assembly, 
respectively. The results indicate that DLP alumina has the 
characteristics of high density and conductivity. The heat transfer 
in electron gun assembly includes heat conduction and heat 
radiation. The heat transfer mode of DLP alumina was heat 
conduction and heat radiation, indicating high heating efficiency, 
compared to that of the alumina(heat conduction) by the existing 
technology. 
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Introduction  

Vacuum electron devices (VED) have been in 
development for many years due to its important 
applications in radar, communication, television broadcast, 
electronic countermeasure, particle accelerator, plasma 
heating device, International thermonuclear experimental 
reactor and other fields[1-2]. Electron gun assembly consists 
of alumina ceramic, cathode, support sleeve and heater 
assembly, which is the heart of VEDs and plays a decisive 
role in the mechanical and electrical property. However, it is 
difficult to control the alumina forming quality in the process 
of developing VEDs owing to different physical and 
chemical characteristics among alumina ceramics and 
tungsten metal material, used as heater. Therefore, the 
alumina ceramics manufactured by the existing high 
temperature technology show characteristics of poor quality, 
As a result, this is not be able to conform to requirements of 
long lifetime and high reliability for VEDs[3-4].  

According to the philosophy of 3D Printing, the choice 
of a 3D computer graphic, 3D model, and material system 
are sufficient to build a part. Consequently, it is possible to 
generate parts with arbitrary geometries without the need of 
adapting the typical manufacture process itself[5]. DLP 
technique is based on the photopolymerization and 
stereolithography of a liquid resin. Due to the high green 
densities and the use of fine ceramic particles, 
stereolithography permits the production of almost dense 
ceramic parts after a sintering posttreatment[6-7].  

Developments in DLP have made it possible to construct 
all-ceramic parts with arbitrarily complex geometries 
contributing to the improved performance for electron gun 
assembly and VEDs, such as long lifetime, high power, high 
frequencies and reliability. This study considers the effects 
of manufacturing a coiled periodic structure in alumina 
ceramic on the electron gun assembly.  

To our knowledge, few studies have focused on the 
processing technology of the ceramics for VEDS. In this 
work, DLP alumina ceramics were comprehensively 
studied. The characteristic and regular of ceramic forming 
are researched from the process and method. The DLP 
ceramics reliability of electron gun assembly are also 
verified by the application in VED. 

Materials and Methods   

Digital light processing (DLP) was performed on a vat 
polymerization ceramic 3D printer-Ceramatrix. The peak 
wavelength of the ultraviolet light source is 405 nm in the 
prototype system. Figure 1 shows the schematic diagrams of 
alumina ceramic via digital light processing. To make a slow 
stepwise process for organic ingredients removal, 
intermediate temperature steps were set for warming to 
achieve a temperature of 600C and 1650C, respectively. 
The raw material in this study is pure alumina powders with 
particle size of 500 nm, as shown in Figure 2.  
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Figure.1 Schematic diagrams of alumina ceramic via 
digital light processing 

Results and Discussion 

Figure 3 presents the microstructure of alumina ceramic. 
DLP alumina ceramic displays relatively homogeneous and 
continuous grain distribution with many boundaries.  
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Figure. 2 Morphology of the alumina powder 

 
Figure. 3 Microstructure of DLP ceramic 

 

Figure. 4 Structure chart of electron gun assembly 

 

Figure.  4 presents the structure chart of the electron gun 
assembly, which is made up of electron gun assemblies, 
beam-forming electrode and support sleeve of Mo. 
Performance test of the electron gun assembly shows high 
heat transfer efficiency, in accordance with the requirements 
of the design index. The heating efficiencies from the heater 
assembly to the cathode is equivalent to that of the assembly 
with the alumina (heat conduction) by the existing 
technology.  

Conclusions 
Digital light processing technology is applied to the 

conduction of 3D alumina ceramic structures. The electron 
gun assembly with DLP ceramics shows high heat transfer 
efficiency, in accordance with the functional requirement of 
VEDs. 

ACKNOWLEDGMENT 

The present work was supported by National Natural 
Science Foundation of China (Grant No.61771454) and the 
Key Laboratory Fund Project from the Chinese Academy of 
Sciences.  

REFERENCES 

[1] Liu Y W, Wang X X, Lu Y X, et al. Study on evaporation from alloys 
used in microwave vacuum electron devices[J]. Acta Physica Sinica, 
2016, 65(6): 4–10. 

[2] Li X W, Shang X W, Su X B, et al. Thermal design of high efficiency, 
high reliability pulsed space TWT’s grid-controlled electron gun[J]. 
IEEE Transactions on Electron Devices, 2015, 62(5): 1648–1654. 

[3] Zhang X, Hao J, Guo Z, et al. The Improved Thermal Conductivity of 
a Potting Material for High-Power Fast Warm-Up Cathodes[J]. Journal 
of Materials Engineering and Performance, 2018, 27(12): 6701–6708. 

[4] Brakora K F, Halloran J, Sarabandi K. Design of 3-D Monolithic 
MMW Antennas Using Ceramic Stereolithography[J]. IEEE 
Transactions on Antennas and Propagation, IEEE, 2007, 55(3): 790–
797. 

[5] Zocca A, Colombo P, Gomes C M, et al. Additive Manufacturing of 
Ceramics: Issues, Potentialities, and Opportunities[J]. Journal of the 
American Ceramic Society, 2015, 98(7): 1983–2001. 

[6] WANG H, LAN H, QIAN L, et al. Continuous DLP ceramic 3D 
printing[J]. SCIENTIA SINICA Technologica, 2019, 49(6): 681–689. 

[7] YANG F. Ceramics Fabrication Using Rapid Prototyping of Mask 
Projection Stereolithography[J]. Journal of Mechanical Engineering, 
2017, 53(7): 138–144. 

 

978-1-5386-8288-3/20/$31.00 ©2020 IEEE 386




