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Fig. 1. (color online) XRD pattern of the novel acti-

vation material.
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Fig. 2. (color online) SEM image of the W sponge base.
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Fig. 3. (color online) Schematic of the Y203-Gd20O3-
HfO2 impregnated W base direct-heated cathode.
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Fig. 4. (color online) Schematic of the diode system

used in thermionic emission for direct-heated cathode.
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Fig. 5. I-V curves of the cathode.
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Fig. 6. Life curve of the cathode.
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Fig. 7. (a) lgj-UY2 curves of the cathode;

(b) Richardson straight line.

1400, 1500, 1600, 1700 °C 7 Z MR K% H Th 5
WM 2.83, 2.84, 2.91, 3.0, 3.1 V.

4 Y503-GdyO5-HfOs 32 5 W = B 1 =
FE A% 98 & S AL 1T 18
4.1 BHARPAREEAEHRTEERSH

K E 2 KYK Y2800 Y494 HUBE (SEM) X B
P W 2 T o0 &5 4 AR, I B B
RETE X (EDS) X BA A 2 Th B0 oK R B2 e 3 &
AT T, B8 B N O BB R 1 SEM. il
MEERITESRE, B E AT A, WY Y203-GdaOs-
HIOo 7EBA KR TR B 1 — A X 35028 A &) 1
RICIR PS5, AT BE 38 5 v PR 1 5 W 226 IS 1) R &5
FE, v B A 2 T A e P 8 R B R ) RO
W), AEEIEBUA S Fa, b, c A XIRMHIC R
SR BT, ARSI TR 1. R 1A,
Itk L0 EEBY, Gd, Hf, O R4, HIE T
B 53 HOR i B o B IR S T Y 203-Gdo O3-
HfO, W RARTC L, 4370 22.40%, 1.55%, 13.37%,
62.68% F135.42%, 4.32%, 42.43%, 17.83%. Bk
Ma, b, c =ANXEITER KIS EEAME, 3IIZE
PEV BT IR & RN AR AR EL A 2.

8 MMk SEM WO 4t TE5 K

Fig. 8. SEM microstructure image of the cathode.

K1 Bita, b, c KIBERIHTTRRD M &R

Table 1. Concentration of the elements at the a, b, ¢ area surface of the cathode.

a area surface

b area surface

¢ area surface

Atom fraction/% Mass fraction/%

Atom fraction/% Mass fraction/%

Elements
Atom fraction/% Mass fraction/%
Y 21.89 35.33 20.90
Gd 1.62 4.31 1.51
Hf 13.74 42.23 15.86
O 62.75 18.13 61.73
Total 100.00 100.00 100.00

36.01 22.34 34.67
4.45 1.58 4.18
43.12 14.69 43.06
16.42 61.39 18.09
100.00 100.00 100.00
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Fig. 9. AES microstructure image of the cathode.
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Fig. 10. Surface elemental depth profiles of the cathode.

#2 PR, 2, 3 XIFIM TR M &

Table 2. Concentration of the elements at the 1, 2, 3 area surface of the cathode.

1 area surface

2 area surface

3 area surface

Elements
Atom fraction/% Mass fraction/%

Atom fraction/% Mass fraction/%

Atom fraction/% Mass fraction/%

50.2 12.6 49.7

27.4 38.4 28.9

Hf 17.1 48.0 16.6

C 5.3 1.0 5.8
Total 100.00 100.00 100.00

12.6 51.3 12.9
40.7 28.4 39.8
45.6 16.5 46.6
1.1 3.8 0.7
100.00 100.00 100.00
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Abstract

As the heart of a magnetron, cathode plays an important role in the device. At present, the pure W cathode is
mainly used in high-power continuous wave magnetron tube. However, the pure W cathode has low thermionic emission
capability and secondary electron emission yield (1.25-1.50), which result in the cathode operating at a high temperature
(2450-2700 K). The higher the operating temperature of the cathode, the faster the evaporation of its surface is, which
can shorten the cathode lifetime. In order to enhance the emission current, reduce the operation temperature and
prolong the lifetime of the pure W cathode, a novel refractory Y2O3-Gd20O3-HfOs impregnated W base direct-heated
cathode (Y-Gd-Hf-O impregnated cathode) is developed in this paper. The present investigation mainly focuses on
the thermionic emission, work function, lifetime, emission mechanism, and anti-bombing property. The direct current
emission properties of the Y-Gd-Hf-O impregnated cathode are investigated, showing that it can provide more than 0.4,
1, 4.0, 7.74, 10.5 A/cm2 current density for the space charge limitation at 1300, 1400, 1500, 1600, 1700 °C respectively.
Absolute zero work function for the cathode is only 1.68 eV obtained by the Richardson line method. The effective
work function for the cathode is in a range of 2.6-3.1 eV obtained by the Richardson-Dushman formula. The lifetime
for the cathode is more than 3600 h with an initial load of 1.5 A/cm? at 1600 °C. The surface microstructure, element
composition and content of the Y-Gd-Hf-O impregnated cathode are analyzed by the scanning electron microscope,
Auger electron spectroscopy, and energy disperse spectroscopy. The analysis results show that the surface of the cathode
contains the Y2O3_, semiconductor layer, which causes an improvement of the electro-conductivity during the activation.
The work function of the cathode can also be reduced due to the improvement of the electro-conductivity. Besides, the
addition of the transition-metal oxide HfO2 changes the internal lattice energy level, which can further reduce the work
function. Therefore, the Y-Gd-Hf-O impregnated cathode has good thermionic emission capability. In addition, the
anti-bombing performance of the cathode is also studied, which shows that the dc emission current density decreases
linearly from the initial current density of 1.5 A/cm? to 0.4 A/cm? after 150-h continuous electron bombing at 10 W /cm?.
In the future research, we will focus on enhancing the anti-bombing property for the Y-Gd-Hf-O impregnated cathode
by using Y-Gd-Hf-O doped W base direct-heated cathode.

Keywords: direct-heated cathode, work function, lifetime, magnetron tubes
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