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Ï~|u�5Æ�£ãæ^DÚ� Fowler-

Nordheim (FN) úª [7], k
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Φ
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]
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(1)

Ù¥ IFN �|u�>6, E = βEAPPL �u�NL
¡�Û�>|rÝ, EAPPL �	\�>|rÝ, β

�u�N�AÛ|OrÏf, Φ �u�N�k�L
¡õ¼ê, S �u�N�k�u�¡È. eò (1) ª
éêz?n, ��� ln(IFN/E2

APPL) Ú 1/EAPPL �
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|�>fu���â. �ì FN nØ, |u�5U�
ûu>fL¡�AÛ|OrÏfÚL¡k�õ
¼ê. %B�+9��NB��äk�p��»',

¦Ùäk���|Or�A, ·Ü��|u�>f
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�¥�²T.¡>{�U��%B�+�|u�
A5, �)|u�>6�Ú9 FN ����y�.
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3.¡>{��B����.m�3>Øü.

>f3�>.¡�Ñ�é%B�+ÚB��
>f�>f|u��K�ØN�À. k7�©�
Ú¼��>>{é%B�+�|u�5UK��
�'5Æ9ÙÔn��. 3�©, �Ä%B�+�
�.�m�3���>>{, |^U?�]2¥�
.O�
%B�+ºà�Û�>|, ¿(Ü FN |
u�5Æ©ÛÚ?Ø
�>>{é%B�+|u
��K�9�'ÔnL§.
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Ú\%B�+�B�º��A, {ü/@
�%B�+�ºà��¥��ÎN, �Î�pÝ
�%B�+�pÝ, �Î��»Ú�¥��»�%
B�+��», ¿��ÎN�%B�+�á3�
.>4þ��|u�>f [11]. Ø�Ä�>>{
�, �#�� [11−13] �ì·>|�©ÙA5?�
Ú{z%B�+, ïá
Xã 1(a) ¤«�¦)%B
�+ºàÛ�>|�]2¥�., =ò%B�+w
�´��]23ü�²1>4��m�7á¥N,

¥��»�%B�+ºà�Ç�» ρ, ¥%ål
Ò4�pÝ�%B�+�pÝ h, ¥?3>|rÝ
� EAPPL ��m¥, ¥�>³��/��.>4
�Ó, =¥�>³ ϕ = 0.

�Ä��>>{�3�, %B�+��.>4
m�>³òØ3�Ó, ´�3X��>³� VT,

=¥�>³ ϕ = VT. �d, ·�U?
2Ä¥�
.Xã 1(b) ¤«, =3]2¥�.Ä:�þò¥�
>³C� VT. �ì�é]2¥�.¤ïá�º�
>Ö�. [11−13] �¦)Cq, ¥þ�aA>ÖÚÒ
4�þ�aA>Öé�m>|�K�^��:>
Ö −Q ÚR�u4��º�>ó4Ý −P ±9�
�º�>Ö +Q Ú����R�u4��º�>
ó4Ý +P 5�O. K±¥�¥%��:, ç��þ
���� z ¶�¥�IXe, �C¥¡�: (r, θ)

�>³ ϕ(r, θ) �±Cq� [11−13]

ϕ(r, θ) =
[−Q(1 − r/2h)]

(4πε0r)
+ EAPPLh

+
(−P cos θ)
(4πε0r2)

+ EAPPLr cos θ. (2)

� 
 � y ¥ L ¡ ü : (r = ρ, θ = π/2)

Ú (r = ρ, θ = ?¿�) �>³� VT, �\ (2) ª, �

�

Q = 4πε0ρh
EAPPL − VT /h

1 − ρ/2h
, (3a)

P = 4πε0EAPPLρ3, (3b)

ã 1 ]2¥�. (a) ©z [10—12]; (b) U?���.

Ïd3%B�+ºà?�Û�>|rÝ E �

E = −
[
δϕ(r, θ = 0)

δr

]
r=ρ

= − Q

4πε0ρ2
− 2P

4πε0ρ3
− EAPPL

=
h

ρ

EAPPL − VT/h

1 − ρ/2h
− 3EAPPL. (4)

�%B�+AÛëê ρ ¿ h ¿(Ü (4) ª, %B�
+ºà?�Û�>|rÝ E ���

E =
h

ρ
EAPPL − VT

ρ
. (5)

e�>>{Ø�3, = VT = 0, (5) ª%B�+ºà
?�Û�>|rÝ�©z [11—13] �O�(J�
�. �â FN |u�5Æ, ò (5) ª�\ (1) ª��
��>>{�3�%B�+�|u�>6

IFN=1.54 × 10−6S

(
h

ρ
EAPPL − VT

ρ

)2

Φ

exp

−6.38 × 103 Φ
3/2(

h

ρ
EAPPL − VT

ρ

)
 .(6)

�ì (6) ª, ��(½ VT =�¼� IFN Ú EAPPL

m�|u�5U�Cz'X, Ù¥ VT �%B�+
��.>4m�>{k'. �
O�{ü, ·��
â���¢�êâ [14] Cq/b½>fÏL�.>
4�%B�+m��>³^�luî0½Æ, =

IT = VT/RT, (7)
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Ù¥ IT �.¡>6, RT ��.>4�%B�+m
��>>{. 3|u�½��â>ÖÅð½Æ�
�, ÏL�.�%B�+�.¡>6Ú|u�>6
��, =

I = IT = IFN. (8)

nÜ (6)—(8) ª=�¼��>>{�3�, %B�
+|u�¤÷v�5Æ, k

I = 1.54 × 10−6S
(h

ρEAPPL − IRT

h
)2

Φ

exp
(
−6.83 × 103Φ

3/2h

ρ
EAPPL−

IRT

ρ

)
. (9)

3 (J�?Ø

æ^�>>{�3�%B�+|u�¤÷v
�5Æ=�§ (9), ê�O�
�>>{é%B�
+|u�5U�K�. O��¤^�ëê©O�:

%B�+��» ρ = 5 nm, %B�+pÝ h = 5 µm,

%B�+k�u�¡È S = πρ2 = 7.85× 10−5 µm2,

%B�+�õ¼ê Φ =5 eV. ã 2(a) Ú (b) ´O�
���ØÓ��>>{e|u�>6�	\>|
rÝ�'X�, = I -EAPPL �9�A� FN

� (ln(IFN/E2
APPL) Ú 1/EAPPL �'X�). l

ã 2 ¥�±wÑéuØÓ��>>{, 3$>|«
�|u�>6Ä��Ó, ¿�þ�vk�>>{�
|u�>6�N��; 3p|«��éuvk�
>>{�|u�>6wÍ�~�, ¿�ØÓ��>
>{e�|u�>6k
é���É, �X�>>
{�O�|u�>6wÍ~�. �A�éuØÓ�
�>>{, 3$>|«� FN �Cq��^��,

¿��ÇÄ��Ó, Úvk�>>{� FN ��
Ü; 3p|«� FN ��u) ò, Ñy
>6�
Úy�.

ÏLþãO�, `²�>>{é%B�+|u
�äk�½�K�, �X�>>{�O�3p>|
«�|u�>6wÍ~�, |u�>6É�
�>
>{���, Ñy>6�Úy�, ¿��X�>>
{�O�²w/Ñy>6�Úy��	\>|r
Ý�$| £. Ïd, �
¼��p�|u�>6
I�3��%B�+|u�Ò4�¦�U¦�%
B�+��.>4ûÐ�>, ±~��>>{, ò
�²w�>6�Úy��Ñy, ±¼�`z�|u
�5U.

�©��>>{��%B�+|u�5U�
ÔnL§, æ^ (5), (7)—(9) ªê�O�
ØÓ�
>>{e3%B�+kàÛ�>|�	\>|�
'X. O��ëê�þãO��Ó, O�(JXã 3

¤«. lã 3 ¥�±wÑvk�>>{�, 3��
>|«�%B�+kà�Û�>|�X	\>|
�5O\. éu�3�>>{�, 3$�	\>|
«�%B�+kà�Û�>|�vk�>>{�
kà�Û�>|Ä��Ó, �X	\>|�5O\,

Ïdu�5Æ�lu FN �|u�5Æ; 3p|
«��vk�>>{�kà�Û�>|�', �3
�>>{�%B�+kà�Û�>|�é�~�,

¿�X�>>{�O�kà�Û�>|�é~�
��wÍ, Ïdu�5Æ�lu FN �|u�5Æ,

Ñy|u�>6�Ú. ù`²�>>{¦�
%B
�+kà�Û�>|�é~�´�>>{Úå%
B�+|u�>6�Ú��Ï.

ã 2 (a) ê�O�ØÓ�>>{e|u�>6�	\>|rÝ�'X�; (b) �A� FN �

018801-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 018801

ã 3 ê�O�ØÓ�>>{e%B�+ºàÛ�>|�	\
>|rÝ�'X�

3±c���¥kNõ¢�(JþÑy>6
�Ú�y� [15,16], �A/���½�)º. ·��
&%B�+Ú�.>4m��>>{3%B�+
|u�¥�ü����Ú. þãê�O�(Jy
¢
�>>{��3(¢UC�%B�+�|u
�5U, Ñy|u�>6�Ú9 FN �� ò. Ù�

U�ÔnL§´�>>{��3¦�
%B�+
kàÛ�>|rÝ�éü$. du%B�+Ú�.
>4m��>>{´�*�3�, %B�+|u�
>6�Úy�3p>|e7,�3, �´ØÓ��
>>{²wÑy>6�Úy��A^>|ØÓ.

4 ( Ø

æ^U?�]2¥�.¿(Ü FN |u�5Æ
ïÄ
�>>{�3�é%B�+|u�¤÷v
�5Æ. ïÄL²: �>>{��3, 3p>|«�
�>>{³�%B�+�>f|u�, ��3p>
|«�Ñy>6�Úy�. Ù�U�ÔnL§´d
u�>>{��3¦�3%B�+ºà�Û�>
|�éuvk�>>{��é~�. du�>>{
´�k�3�, �
¼��`z5U�%B�+|
u�Ò4A3��Ò4�¦�U¦�%B�+�
�.>4ûÐ�>, ±~��>>{, ò�Ñy|
u�>6>6�Ú.
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Abstract

After accounting for a contact resistance between carbon nanotube (CNT) and substrate, the local electric filed of top of CNT

were calculated by combining an improved floated sphere model and the Fowler-Nordheim theory for understand the effect of the

contact resistance on field emission from CNT. It is found that the field emission current is limited and current saturation and nonlinear

characteristics of the Fowler-Nordheim plots are produced by the contact resistance in region of high electric field. The origin can be

attributed to the local electric filed of top of CNT remarkably debases as compared to without the contact resistance.
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