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Fig.1 Laser particle size distribution curves of ungraded and

graded tungsten powder
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Table 1 Physical properties of tungsten powder

Laser particle size/um Tap density/

Sample SPAN 5
Do Dso Dgo g<m

Ungraded

powder 259 730 1749 2.04 7.3

Craded 559 569 874 0.6 9.2

powder
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Fig.2 OM microstructures of tungsten-copper materials prepared by ungraded powder (a, b) and graded tungsten powder (c, d)
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Table 2 Pore size parameters of tungsten matrix by mercury

analysis
samole Average pore Total Open Closed
P diameter/pm porosity/%  porosity/%  porosity/%
Ungraded
powder 1.56 22.06 20.62 1.44
Graded 1.59 22.04 2157 047
powder
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Fig.3 UV-PEEM images of surface of cathode prepared by ungraded
tungsten powder (a) and graded tungsten powder (b) (visual

field 100 pm)
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Fig4 DUV-PEEM+TEEM images of surface of the cathode
prepared by ungraded tungsten powder (a) and graded
tungsten powder (b) at 740 ‘C (visual field 100 um)

B E (L, X)) FEARYA, AR AR
S IX AR T 3R ALIR S ALBR s MR . AT
1 R BURIR SR E T A B S I I R BRI
FARFLBR N BT 24 1 — R 5 AL 52 R B
A R AU - B FLBR R R T 6, AESR T AL PR G
RS, Akt S FLRGUE BB ki R T AE SN a4
J T ARSI AT R KNI R S R o FE— 8 1 TAE
REETN, BRI ALBRIA RS Y 7 2 8 R,
EFR 7 2 250 AR U LA Vi 1 2 o BSR4
Z R Gy, W T Bk SR = TR, DA R
FE SR Y HURE 7, AF o 2 A5 15 T A 0 R 2 R R
A TR S AR &, TS YT R R A KPR FE
o B L B AR (1 FL R AP DA R LI 3 2k o BP0

K 5a~5d 1 5e~5h 43 5l A [E]ili B T A 43 G Bk F
I3 SRR ) 5% B A R THT Y TEEM 1% FH P 5a~5h 7] LA
B, 2 PhIYIAR 0 Fh R SR B R T R T LR LR
HEVEDD IR o Bl A B RRGE RE B E, BIARR A T
RS SN X LB RS i, R IR T R 9 Re
JIHAERFEEIG SR IR T R LI, 73 24 45 i

KI5 ANEHREE T RS 7 Gk ) % IR R T ) TEEM & (B8 B EA258 100 pm)
Fig.5 TEEM images of surface of cathode prepared by ungraded tungsten powder (a~d) and graded tungsten powder (e~h) at different
temperatures: (a, €) 680 C, (b, f) 700 °C, (c,g) 720 C, and (d, h) 740 °C (visual field 100 pm)
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Fig.6 TEEM images of surface of the cathode prepared by ungraded
tungsten powder (a) and graded tungsten powder (b) at 740 C
(visual field 320 um)
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Fig.7 Schematic diagrams of the deviation point of volt-ampere
characteristic curves of cathode prepared by ungraded tungsten

powder (a) and graded tungsten powder (b)
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Influence of Particle Size Control on Surface Emission Micro-Area of
Barium-Tungsten Cathode

He Xueliang®, Zhou Zenglin***, Li Yan', Chen Wenshuai'?*, Hui Zhilin*
(1. GRIMAT Engineering Institute Co., Ltd, Beijing 101407, China)
(2. State Key Laboratory of Advanced Materials for Smart Sensing, GRINM Group Co., Ltd, Beijing 100088, China)
(3. General Research Institute for Nonferrous Metals, Beijing 100088, China)

Abstract: In order to research the cathodic thermionic emission performance difference of tungsten matrix prepared by ungraded tungsten powder
and graded tungsten powder on the micron scale, and to gain a deeper understanding of the electron emission process of the cathode surface
micro-area and the cathode emission mechanism, a newly developed instrument aiming at meeting the special operation requirements of thermal
dispenser cathode was used. This instrument called DUV-PEEM/TEEM combines the functions of deep ultraviolet laser photo-emission electron
microscope and thermal-emission electron microscope. Thanks to the powerful functions of DUV-PEEM/TEEM, the photoelectron and
thermoelectron images of surface of the cathode prepared by two kinds of tungsten powders were analyzed. The results show that compared with
the ungraded tungsten powder, the microstructure of the tungsten matrix prepared by the graded tungsten powder is more uniform, and the closed
porosity reduces from 1.44% to 0.47%. The photoelectron and thermionic united imaging accurately shows that the emission of the two cathodes
mainly locates at the pores and active substances of pores. Via the comparison and analysis of thermal electron (TEEM) images, the thermal
electron emission micro-area area of the cathode prepared by graded tungsten powder is larger and the distribution is more uniform than those of
the cathode prepared by ungraded tungsten powder. Under the working condition of 1050 °C, the pulse current density of the cathode prepared by
graded tungsten powder is 30.79 A/cm?, and the emission slope is 1.38. The comprehensive analysis shows that the cathode prepared by grade
tungsten powder has more ideal intrinsic thermionic emission capability and emission uniformity.

Key words: thermal cathode; deep ultraviolet laser; light emission electron microscopy; thermal emission electron microscopy; electron emission
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