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Abstract

Electric-field-induced electron emission from the three kinds of Pb(ZrossTioss)Os ferroelectric cathodes with
different electrode structure has been investigated. Regardless of the electrode structures, a threshold field of the
each cathode was 2.5-2.6kV/mm, which is 3 times higher than the coercive field of Pb(Zrys¢Tio44)O3 material.

Although the waveform of the electron currents was affected by the structure of the electrode, no significant

difference for the emission properties such as the peak current and the pulse width was observed from the three

kinds of the cathodes. However, the current density of the cathode was dependent on the electrode structure. From

the simulation of electric field distribution, the surface flashover, and the injury region of the cathode surface, it

was proved that the prime electrons were initiated at the electrode-ceramic-vacuum triple point by field emission

and the emission currents were strongly enhanced by the surface plasma.

Electron Emission(1 A} ¥&), Ferroelectric Cathode(Zd-+-3 % S=), Pb(Zr,Ti)Os( A2 ZF EJEF ),

Electrode Structure(F= ), Triple Point(4}%7), Surface Plasma(3™ Z2}=v})
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Table 1. Material properties for PZT 56/44

Pr Ec p Cat 1 Ko
(uC/mm?) | (kv/mm) | (glem®) | kHz(pF) (%)
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29.7 81 570 2 223
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Fig. 1. The front surfaces of the PZT 56/44 ferroelectric
cathodes. (a) type I, (b) type II, and (c) type Il
electrode, respectively, are attached
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Fig. 2. A schematic diagram of the experimental setup

St A 87148k A A3 A45(20109 8Y) /701



whe} A (surface discharge)o] LAE 4= Uk 1
A B AT FE5H2] HEXE(FWHM : full width
at the half maximum) A7+ ps ©]8t2 AEsla T
A A7E 59 AR wEo] AFREe dATE
St stk

Fig. 321 & #A

==

L l

% FEANE 9
3

4z
L
i,
=g
N
y—]
w
&
N
IS
ol
o
=
_—)‘.1_:"

Z YePdtHFig 3(a)]. 34 4dte] FA47F Imm
o2 AAAINFELS ~2.6kV/immelH, o] PZT

(a

EN
o

N
I
'
a
o

Driving voltage (kV)
o
>
>
>
E

[

4

L

—

<

P

~
5

AN
o
<]

Displacement current (A)

-200

<
=
[
5
(]
c
S
8
[
L
< 5t
=
[
£ -10
3
o
5 5t
[72]
2
£ -20 -
w Vacc = 100
25t Vacc = 200
Vacec = 400
-30 —
-05 00 05 10 15 20 25 3.0 35 40 45
Time ( us)
Fig. 3. Typical waveforms of the driving pulse and the

emitted electron currents when a Type | electrode
was attached on the PZT 56/44 ceramics
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Fig. 4. Electron currents emitted from the PZT 56/44

ferroelectric cathode which has a type I

electrode
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Fig. 7. Surfaces of the PZT 56/44 cathodes after the
emission measurements. Electrode structure :
(@ Type I, ) Type I, and (© Type I,
respectively
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Fig. 8. Distribution of the electric field (arrows) and the
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Table 2. Experimental results of electron emission from the three types of PZT 56/44 cathodes
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