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Abstract: In order to enhance output power and prolong 
lifetime of the high-power magnetron tubes, a novel 
Y2Hf2O7 Ceramic cathode had been developed. The 
thermionic emission and lifetime characteristics of the 
Y2Hf2O7 cathode had been measured. The results show that 
the cathode can provide 0.15A/cm2, 3.5A/cm2 current 
density for the space charge limitation at 1300℃br, 1600℃
br respectively under 300V anode voltage. The lifetime of 
the cathode is more than 4100 h with an initial load of 
0.5A/cm2 at 1400℃br. 
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Introduction 
Nowadays, there are two technical bottlenecks in the large-
scale industrial application of microwave energy, one is 
that it is difficult to really realize the efficient, safe and 
reliable application of high-power microwave sources; the 
other is the lack of high-power and long-life industrial 
microwave sources [1]. As a kind of vacuum electronic 
device, the magnetron had been proven to be the most 
efficient and economical industrial microwave generator 
[2]. At present, the output power and lifetime of a single 
magnetron are far from meeting the requirements of 
industrial applications. New materials and methods are 
urgently needed to increase the output power and prolong 
the lifetime of the magnetron. 

As the heart of a magnetron, cathode, whose quality 
directly affects the output power and lifetime of the 
magnetron, plays an important role [3]. In order to enhance 
the output power, prolong the lifetime of the high power 
magnetron, it is very urgent and necessary to develop high 
current density and long-life cathode applied in continuous 
wave magnetron. 

During our previous researches [4-5], we enhance the 
thermionic emission and secondary electron emission of the 
cathode by using Re-W, Sc-W, carbonized Th-W alloy 
materials. Especially, the lifetime of the novel carbonized 
Th-W alloy cathode that actually applied in the magnetron 
tube is more than 5000 h among those materials above. 
Consideration of the radioactive hazard of the Th element, 
we need the substitutions for the Th-W cathode. So, in this 

abstract, our researches mainly focus on the thermionic 
emission of a novel Y2Hf2O7 ceramic cathode which 
possibly has good resistive electron and ion bombing, high 
secondary electron emission coefficient and thermostability. 

Experimental Process  

Firstly, the diameter of 0.26mm, length of 10-15mm pure 
W filaments were chosen, and treated with a series of 
cleaning process. After that, the surface of the W filaments 
was sprayed with a layer of W powders. Then, the W 
filaments were taken to the high hydrogen furnace, and 
sintered at 1600±50℃  for 3 to 5min. Finally, the W 
filaments were taken out from the furnace and sprayed with 
the refractory Y2Hf2O7 electron emission active substances. 
Then the treated W filaments above were taken to the high 
hydrogen furnace once again and sintered at 1500±50℃ 
for 3 to 5min. 

Experimental Result 

Figure 1 shows the schematic of the novel Y2Hf2O7 
ceramic cathode. It is made up of three parts: W filament 
base, W sponge layer, and Y2Hf2O7 ceramic layer. 

 

Figure 1 Schematic of the Novel Y2Hf2O7 ceramic cathode  

Figure 2 shows the I-V dc emission characteristic curves of 
the novel Y2Hf2O7 ceramic cathode at different temperature. 
From the figure 2, it can be seen that the dc emission 
density of the novel Y2Hf2O7 ceramic cathode is 0.15A/cm2 
at 1300℃br, 0.2A/cm2 at 1350℃br, 0.5A/cm2 at 1400℃br, 
1.1A/cm2 at 1450℃br, 1.8A/cm2 at 1500℃br, 2.5A/cm2 at 
1550 ℃ br, 3.5A/cm2 at 1600 ℃ br. However, the dc 
emission density of the pure W filament cathode is 
0.4A/cm2 at 2250℃br by contrast. The novel Y2Hf2O7 
ceramic cathode can provide the same emission density 
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with at least 850℃br lower than that of the pure W 
filament cathode. 

 

Figure 2 I–V dc emission characteristics curves of the novel 
Y2Hf2O7 ceramic cathode at different temperatures 

The lifetime of the novel Y2Hf2O7 ceramic cathode was 
tested in the lifetime testing vehicle, it is shown as figure 3. 
From the figure 3, it can be seen that the lifetime testing 
vehicle is made up of seven parts: high vacuum interface, 
getter, Y2Hf2O7 ceramic cathode, shield, Mo tube anode, 
temperature measuring hole, and conductive core. Through 
a series of degassing, activation and aging of the cathode, 
then the lifetime of the cathode began to be tested. 

From the Figure 4, it can be seen that with the dc load of 
0.5A/cm2, operating temperature of 1400℃, the lifetime of 
the cathode has reach to 4100h, and is still continuous until 
now. The inner surface of the experimental evacuated glass 
diode has not seriously covered by vapor depositions. 

 
Figure 3 Schematic of lifetime testing vehicle for the 

Y2Hf2O7 ceramic cathode 

 

 
Figure 4 Lifetime curve of the novel Y2Hf2O7 ceramic 

cathode versus temperature 

Conclusions 

In this abstract, a novel Y2Hf2O7 ceramic cathode had been 
adopted to enhance the thermionic emission. The 
experimental results show that the cathode can provide 
3.5A/cm2 current density for the space charge limitation at 
1600℃br under 300V anode voltage. The cathode can 
provide the same thermionic emission with at least 850℃br 
operating temperature lower than that of the pure W 
filament cathode. The lifetime of the cathode has reach to 
4100h, and is still continuous until now. 
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