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Fig.1 Schematic diagram of the pressed Y-Gd-Hf-O cathode
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Table 1 Y1~Y9 pressed cathode with different Sc,O; doped

ratios (molar ratio)

Cathode No. Y,03:HfO,
Y1 1:2
Y2 11
Y3 3:2
Y5 5:2
Y9 9:2

Ba-cathode —
Test cathode | |
- Mo anode ——

Getter — 1 52 ) ——

B2 BRI AR S s A
Fig.2 Schematic diagrams of the cathode diode system:
(a) thermionic emission system and (b) anti-electron

bombardment system
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Fig.3 XRD patterns of the Y1~Y9 cathodes active substance
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Fig.4 SEM morphologies of the cathode base: (a) base section and (b) W sponge
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Fig.5 SEM morphologies of Y5 cathode before (a, b) and after (c, d) activation
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Y3 28.62 2.07 9.45 55.40 4.46 g 0.5 2
00—
Y5 34.03 1.61 8.37 51.63 4.35 0 50 100 150 200 250 300
Y9 40.63 1.06 5.04 49.09 4.18 5
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Table 3 EDS analysis results of surface substance of Y5 cathode (at%6)

Type Y Gd Hf 0O Sc
Before activation  29.05 1.38 5.79 58.27 5.50
After activation 34.03 1.61 8.37 51.63 4.35

0 1 1 n 1 1 1 1
0 50 100 150 200 250 300
Voltage, UV
Bl 6 Btk th £
Fig.6 Thermionic emission curves of the cathodes: (a) Y1, Y2, Y3,
Y5, Y9 and (b) Y5
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Fig.7 lgje-U™ curves of Y5 cathode
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Fig.8 Richard curves of Y5 cathode
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Fig.9 Lifetime curve of Y5 cathode
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Fig.10 Anti-electron bombardment curve of Y5 cathode

1o, FHEC T @R BT E IR A, 1% A AT B e i
M2 dEe T .
2.6 PARASTE XPS REZM

K11 9 Y5 BIMRE I BOE . AR GRS,
PRI 500 nm R FEIE Bl A AR JT 3R 1) XPS IR B2 1 ih 45
Ho WEIFATLLEH, EZMREEEN, B C TR
Gb, HE R GENAAFBENEM, W 11a frs.
TEFEZR I 50 nm IRFEA AT, FrA o s IE e, A&
A, 1E50~500 nm BREZVGHIN, TR ELNEE, H
HFILE Y. Hf S ERAEKR, B —% (o
Kl 11b~11c) . HPEEHEZIHIREEIG N, YIHE KL HHE
Wi n . MeAh, Sc o E LEAS R B IR FEVE Bl Y S E A
[, 7F 0~50 nm UMW, Sc MIEEIRAD, FEFEEEH
50 nm IR EEALTFAG BT, BE S S R INEE AR N

Bt — e R FEVERI C R T EEZ, Ml C iR
MEEREA B, S5 C MEREAHIT, HEWIFE SrE ik kT
Far, FARGR TP T IREE R E ) C, Bl A IR 1Y
I, FREERE) C A BIAR S k>, B R
PR — e R AL C o3 S R

3 PR & SIHLHIERT

AARIE X & ARIF Y,05/HFO, FE/R LR Sc,05 1524
Y-Gd-Hf-O JE il =X W-Re J& &yl B ) 1) & 565 14 e DL K it
& BE DT TOEAT, R0 R HLHIEET T i F
it

MRS XRD 2558, 7Rl KRG SR, Y05 A
HfO, 7E Ml ke 45 i # v R A x0 (1) & R B AE B
Yo HE,0,, 2 RS A 5 ) EE B A R 4

SEM 451K, RS B2 mERE. 255,
RSHE YD R SRR AR RN, B ERE, 1R
R, &S BN ECE B R R R, 7E A ST
e H RN & RIRBN T, W AR R A T
ghih, RS BHTIE BRI, I Hit—B KK,



12 4 FHEEE: Y0 SN Y-Gd-HF-O B #aE H1I B AR & 51 it s i * 4663 *
o 100} -y ee Y B ¢
< —4—Hf —v—0 500 nm H/\\\\w*m nm
S 801 —e—Sc c ) —“—-/\# )

s S 200 nm| = w__,,///W\\\\‘v—«izoo nm

E 60f < g

8 /v/'ﬂ 2 100nm|°3 100 nm

o 40 L < [y

2 v_v// £ 50nm| £ 50 nm

g 20t e T e 10 M e T 10 M

e 5nm o 5 M

< ol 3nm e 31M
1 1 1 1 1 1 1 1 O nm S S, harua SRR SR e SR 0 nm

1 10 100 150 153 156 159 162 165 168 12 14 16 18 20 22 24

Depth/nm

Binding Energy/eV

Binding Energy/eV

Bl11 Y5 BIRMOE R IR FEZ] i XPS 45 3
Fig.11 XPS depth profiles of the fully activated Y5 cathode: (a) all elements spectra, (b) Y spectra, and (c) Hf spectra
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Influence of Y,05; Contents on the Y-Gd-Hf-O Directly-Heated Pressed Cathode
Thermionic Emission Properties

Wang Xinggi*?, Wang Xiaoxia®, Luo Jirun', Li Yun'
(1. Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 101407, China)

(2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: To improve the Y-Gd-Hf-O pressed cathode thermionic emission ability, Sc,05; doped Y-Gd-Hf-O pressed cathodes with different
molar ratios of Y,0s/HfO, were prepared. The results show that the cathode with ratio of 5/2 demonstrates the best emission ability of 2.79 A/cm?
at 1500 °C. The cathode works stably over 1320 h at 1500 °C with the load of 1 A/cm? during the lifetime test, and the emission current decreases
to 86% of the initial one after 10 W for 696 h continuous bombardment at the same temperature, reflecting a good anti-electron bombardment
ability. XPS depth profile results show that the main active substances in work are concentrated in the depth range of 50 nm from the surface. After
cathode being activated, the SEM and EDS results show that the active materials diameter increases to an extent, and the surface n-type
semiconductor contents increase with the increase of Y,O3 content, which is favorable for enhancing the conductivity, improving thermionic
emission, and lowering the work function.

Key words: Y,0; doped; thermionic emission; work function; anti-electron bombardment; lifetime

Corresponding author: Wang Xingqi, Candidate for Ph. D., Key Laboratory of High Power Microwave Sources and Technologies, Aerospace

Information Research Institute, Chinese Academy of Sciences, Beijing 101407, P. R. China, E-mail: wangxinggil8@mails.ucas.ac.cn


https://ieeexplore.ieee.org/document/5193525
https://ieeexplore.ieee.org/document/5193525
https://ieeexplore.ieee.org/document/5193462
https://ieeexplore.ieee.org/document/5193462
mailto:wangxingqi18@mails.ucas.ac.cn

