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c>Ò4ÏÙ`É�>fu�5U3põÇ�Å+�>få!²�w«Eâ±9�Êí?ì�+�kX2
,A^cµFÃÉ�<��À. �þïÄL², c>Ò4>fu�5UÉÒ4á�5U�K�. 3-y>|�
^e, c>Ò4á�¬�)L¡�¶->ÖÚå4zrÝ�Cz, ùL²c>Ò4>fu�5U�U�Ò4á�
�4zrÝCzþ�3X,«'X. �ïÄÒ4á�4zrÝCzþéc>Ò4>fu�5U�K�, ±�J�â
v�Yc>Ú�c>>b�¬��Ò4á�, ÏL��±>¢£�ÿÁ��Ò4á�3ØÓ>|rÝe�4zr
ÝCzþ, ÿþ��>fu�>6rÝ�-y>|�Cz�, ¿©Û
>fu�>6rÝ�4zrÝCzþ�'
X. (JL², ü«�¬>fu�>6rÝ�4zrÝCzþ��'.

'�c: �c>>b, 4z, c>Ò4>fu�

PACS: 77.84.Cg, 77.22.Ej, 79.90.+b

1 Ú ó

c > > b U 
 � ) > f u � � * : � @
d Miller � [1] 3 1960 cJÑ, ¦�ýóc>>
b�±¤�>fu�N. 1989 c, î³âfÔnï
Ä¤� Gundel � [2] æ^�vJ�Y>b, 3óÀ
-y>|�^e��
�u 100 A/cm2 �u�>6
�Ý, ¿JÑÙnØu�>6�Ý�� 105 A/cm2.

2005 c, Chirko � [3] 3 150—300 kV �óÀÄ�>
Øe, æ^�»� 145 mm, þÝ� 8 mm � BaTiO3

>b��
 2.5 kA �r>6u�. 3IS, �î
_� [4] |^�J�âv�Y (PLZST) �c>>b,

3 800 V -y>ØÚ 4 kV Ä�>Øe��
 840 A

�>fu�>6rÝ±9 1700 A/cm2 �u�>6
�Ý.

3c>Ò4>fu�Å��ïÄ�¡, Ì�k
¯4z�= [2,5,6]!�lfNÚå>fu� [7,8]!

¯4z�=-�lfN9Ïu� [9,10] Ún0:|�
u�-�lfN9Ïu� [11] ��.. �Ä�3-y
>|��^ec>á�9�c>á�þ¬�)4
zrÝ�Cz, á�L¡�>Ö²ï�»�, ?
�)>fu�, Ïdc>Ò4>fu�5U�U�
Ò4á�4zrÝCzþ�3X,«'X. ��y
þãb�, �©± PLZST >b�Ò4á�, ïÄÙ
>fu�>6rÝ�4zrÝCzþ�'X.

2 ¢��{

2.1 ccc>>>ÒÒÒ444������

¤ ï Ä � Ò 4 á � � ¬ 1 � z Æ | ¤
� Pb0.94La0.04 [(Zr0.70Sn0.30)0.78Ti0.22] O3, �¬ 2

�zÆ|¤� Pb0.94La0.04 [(Zr0.70Sn0.30)0.86Ti0.14]

O3. ±©ÛX� Pb3O4, La2O3, ZrO2, SnO2, TiO2

®"���, æ^DÚ���(ó²��>b. ý
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�ó²� 850 ◦C �§ 2 h, �(ó²�3LYí
¨^�e 1300 ◦C �§ 3 h[12]. ò>b��¤þÝ
� 0.5 mm ��¡, ¿���1. æ^j�<M��
{3>b¡þ<�Õ>4ã/¿3 600 ◦C e�¤.

>b»>4´�»� 12 mm ��må^», ^»°
Ý� 600 µm, >bà³Ü©°Ý� 600 µm; >b�
�>4´�»� 14 mm ��/÷>4.

2.2 >>>¢¢¢£££���ÿÿÿþþþ

>¢£�ÿþæ^ TF Analyzer2000 .c>
ÿþXÚ. Trek610D .pØ��ìø���ªÇ
� 1 Hz ��u�C>Ø, ÏLO�Å��Úæ8ê
â±Ñü±4zrÝ P �>|rÝ E �'X�.

4zrÝCzþ ∆P �ÿþæ^�Ó.Òÿ
þXÚ. ÿþ3ØÓ>Øeü«>b�¬���
± P -E �, Ö�T>Øe��± P -E ��¸
���T>Øe�4zrÝCzþ.

2.3 uuu���>>>666ÿÿÿþþþ

c>Ò4>fu�ÿÁXÚXã 1 ¤«. ÿ
ÁXÚdý�XÚ!-yóÀ!�6Ä�>Ø
!�¬à>ØÿÁ>´Úu�>6ÿÁ>´�
Ü©|¤ [4].

ã 1 c>Ò4>fu�ÿÁXÚ

òý�Ý�±3 1 Pa �m, �4Ä�>Ø�½
3 100 V(3$Ä�>Øe, ´*	�Ò4á�5U
éc>Ò4>6u��K�), ÿÁü«>b�¬3
�½Ä�>Øe>fu�>6rÝ�-y>Ø�

Cz. 3$Ä�>Øe, c>Ò4u�>6Ø½,

�©æ^�Êg¢�¥�>fu�>6rÝ��
â²þ���T-y>Øe�>fu�>6rÝ,

±~�¢�Ø�.

3 (J9?Ø

ã 2 ¤«�¿§�¸¥ÿ��ü« PLZST

� ¬ 4 z r Ý � 	 \ > | r Ý � C z ' X. l
ã 2 �±wÑ, �¬ 1 ´c>N, �Ú4zrÝ
� 31 µC/cm2, 
�| Ec �� 830 V/mm; �¬ 2 ´
�c>N, �Ú4zrÝ� 26.4 µC/cm2, Ù�c>
��c>����=�>| Ef �� 2800 V/mm,

��=�>| Eb �� 1200 V/mm.

ã 2 ü«�¬�ü± P -E � (a) �¬ 1; (b) �¬ 2

ã 3 ¤ « � 3 1000 V (E = 2 kV/mm)

Ú 1500 V (E = 3 kV/mm) - y > Ø Ú 100 V

Ä�>Øeü«�¬üà�>ØÅ/Úu�>6
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ã 3 ü«�¬3ØÓ-y>Øe�>fu�>ØÅ/Ú>6Å/ (a) �¬ 1, U = 1000 V; (b) �¬ 2, U = 1000 V; (c) �
¬ 1, U = 1500 V; (d) �¬ 2, U = 1500 V

Å/. lã 3 �±wÑ, 3 U = 1000 V -y>Ø
e, �¬ 1 �>fu�>6rÝ (2.93 A) �u�
¬ 2(2.86 A); 3 U = 1500 V -y>Øe, �¬ 1 �
>fu�>6rÝ (3.44 A) �u�¬ 2 (3.64 A). ü
«�¬�u�>6¸�þ u-yóÀ>Ø�e
ü÷NC.

ã 4 ¤«�ü«�¬3ØÓ>|rÝe��

�± P -E �. '�ã 4(a) �ã 2(a) �±wÑ, ü
ö�4zrÝ�>|rÝCz��O²w. ù´
Ï�c>N3��>|�¬�)�{4zrÝ, Ù
��± P -E �´±>b��{4zrÝ�å:,

¢SþL«�´4zrÝCzþ�>|rÝ�'
X. �c>N3��>|�Ø¬�)�{4zr
Ý, Ïdã 4(b) �ã 2(b) ���± P -E ��Ó.

ã 4 ü«�¬3ØÓ>|rÝe���± P -E � (a) �¬ 1; (b) �¬ 2
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ã 5 ¤«�ü«�¬3 1400—4000 V/mm >
|rÝe�4zrÝCzþÚ>fu�>6rÝ
�Cz�. �>|rÝ�u 1600 V/mm �, �¬ 2

ØU��½�u�>6. lã 5 �±wÑ: �>
|rÝ�u 2000 V/mm �, ü«�¬�>fu�>
6rÝÚ4zrÝCzþþ�X>|rÝ�O�
Cq�5O\. >|rÝ3 2000—2800 V/mm «
mS, �¬ 2 �4zrÝCzþ�OÌ'�¬ 1 �,

Ó��¬ 2 �>fu�>6rÝ�OÌ��u�
¬ 1; �>|rÝ�u 2800 V/mm �, �¬ 1 �>
fu�>6rÝªu�Ú, 4zrÝCzþ�ªu
ð½. �¬ 2 �>fu�>6rÝkO\�ªu
�Ú¿�±p , 4zrÝCzþÏá���C:
ìO\�ªu�Ú. dd�±wÑ, ü«�¬�
>fu�>6rÝ�4zrÝCzþ��'.

ã 5 ü«�¬>fu�>6rÝ (Ä�>Ø� 100 V) Ú4z
rÝCzþ��

e¡±¯4z�=�.�Ä:é¢�(J?
1©Û. 3-y>|��^e, c>N�>Æò÷
>|����. ��-y>|�, �Ü©>Æ#

��, Ù{>Æ��ØC, Ïd�)�{4zrÝ.

3dL§¥, c>NL¡¬�)�¶->Ö, �²
ï�gd¶->Ö3c>NSï|±9�¶->
Ö�ü½�^e�u�Ñ5.

3-y>|�u�c>N�c>N��=�
>|�, �c>N¥÷>|����>Æu)�=.

��-y>|�, 4zrÝ�". 3dL§¥, Ó�
U
�)>fu�. �¬ 2 3$u�c>��c>
�=�>|�-y|re��>6u�, ù´Ï�
�¢�¥��c>N�¬zÆ|¤ u�c> - c
>OÓ.�.NC, 3ù�zÆ|©«mS¬k�
þc>���c>���, 3-y|r$u=�>
|�ù
ÛÜ�c>�«��U
�)>fu�.

�â¯4z�=�., c>NÚ�c>NL¡
�)��¶->Ö¡�Ý ∆σ, Ù��u4zrÝ
Czþ ∆P [13]. �)�¶->Ö��m ∆t �á, Ù
u�>6�Ý J ò��. u�>6�Ý J �L«�

J ∝ ∆P/∆t. (1)

dã 3 ��, ¢�¥c>NÚ�c>N�¬�
u�>6¸�þ u-yóÀ>Ø�eü÷NC,

�±í½�¶->Ö3-yóÀ>Ø�eü÷�
). �-yóÀ>Øeü÷��m� tf , >bL¡
>fu��k�¡È� Se, K>fu�>6rÝ I

�L«�

I ∝ ∆P
Se

tf
. (2)

d (2) ª��, 3-yóÀ>Øeü÷��m�½
��¹e, 4zrÝCzþ��, c>>b>fu
�>6rÝÒ��, >fu�>6rÝ�'u4z
rÝCzþ.

ã 6 c>N>fu�«¿ã (a) �\-y>|�4z>ÖÚgd¶->Ö²ï; (b) -y>|��]m4z>ÖÚgd¶-
>ÖØ²ï; (c) �²ï�gd¶->Ö�ü½u�
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ã 7 �c>N>fu�«¿ã (a) �\-y>|�4z>ÖÚgd¶->Ö²ï; (b) -y>|��]m4z>ÖÚgd¶
->ÖØ²ï; (c) �²ï�gd¶->Ö�ü½u�

4 ( Ø

�©±ü« PLZST c>Ú�c>N�¬��
Ò4á�, ïÄ
Ù>fu�5U�4zrÝCz
þ�'X. ïÄL², >fu�>6rÝ�4zr

ÝCzþ��'. ¢��Ñ, �c>N3��-y
>Ø�Ø�)�{4zrÝ, Ïk���4zr
ÝCzþ, Ù��c>Ò4á�äk�Ð�>fu
�5U. ¢�(J�c>Ò4u�Ån¥�¯4z
�=nØJø
kå|±.
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The influence of variable quantity of polarization on
the current intensity of the electron emission from
La-doped Pb(Zr, Sn, Ti)O3 ferroelectric cathode∗
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Abstract

Ferroelectric cathodes exhibit huge potentials in high-power microwave tube electron beam source, panel display, and the propeller

space navigation, due to their superior properties. The material properties of the ferroelectric cathode have been proved to have a

significant influence on electron emission, which is indicated in recent research work. In the course of electron emission, the variation

of polarization can be caused by non-shielded surface charge which is induced by high trigger voltage. A certain relationship may be

found between polarization variation and current intensity of electron emission. To study the relationship between current intensity of

electron emission and polarization variation in ferroelectric cathodes, the samples of lanthanum-doped lead zirconate stannate titanate

ferroelectric and antiferroelectric ceramics are prepared by the method of solid state calcinations, and the polarization variations of the

material under different voltages are measured in the positive half cycle test of hysteresis loop. The curve of the electron emission

current intensity versus the trigger voltage is measured, and then the relationship between electron emission current intensity and

polarization variation is investigated. The results show that the electron emission current intensities of the two samples are both directly

proportional to the polarization variation.

Keywords: antiferroelectric ceramics, polarization, ferroelectric cathode electron emission
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