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First-Principles Study on the Surface Work Function and Adsorption
Energy of Barium-Tungsten Cathode Doped with
Vanadium and Strontium
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(The 12th Research Institute of China Electronics Technology Corporation, Beijing 100015, China)

Abstract:  Using first-principles pseudopotentials, different atomic models of the cathode surface are constructed,
and the work function and adsorption energy are calculated. Based on the (2x2x1)W(001) plane, 1 ML of oxygen atoms are
adsorbed on the top, bridge, and hole positions on the surface. It is found that O atoms are more inclined to be adsorbed at
the top and have the largest work function. After adsorbing Ba atoms on the surface of W-O, it is found that Ba atoms are
more likely to be adsorbed on the hole, and the best surface coverage is about 0.5 ML. V atoms and Sr atoms are adsorbed
in the holes on the surface of W-O-Ba, and it is found that the adsorption energy of the system after the two atoms are ad-
sorbed at the same time is more likely to depend on the last adsorbed atom. The adsorption of V makes the surface work
function decrease, while Sr makes the surface work function increase. Finally, a new type of barium tungsten cathode doped
with 3% strontium vanadate is prepared, and the pulse emission current density reaches 8.71 A/cm’ at 1 050 °C, which is
higher than the 6.77 A/cm’ of ordinary barium aluminate cathode. The theoretical simulation results are verified to be rea-
sonable by experiments, and it can further optimize the surface structure and improve the cathode emission performances.
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