
 1

��������	
��
�������

Mechanisms and Transient Characteristics of Stress Induced 

Leakage Current (SILC) in Tunnel Oxides�

�����NSC 88-2215-E-009-034�

��	
�87� 8� 1
� 88� 7� 31
�

������������������������ �

E_mail:wang@jekyll.ee.nctu.edu.tw�

�

�������

�

�����������	
��
 stress��
����������������� 

!�"#$%&'( positive charge-assisted 
tunneling (PCAT))*+������
(SILC),-./0123�4	5678�
��9 hole trap ,:� (detrapping);
PCAT�<=>?) SILC@8AB��,
-C3�DAB��E)F%GH�IJ

K(flash EEPROM)9 read-disturb�-.C
L3MNOP�"#78D����Q�

	RST,�UV��WX3DY�"#

Z%&7[\O]^_�`a��Qbc

�ad\DO���eSTf�g�h

�3ijkl56%menGH�IJK

op,Qqr56�stuvwx3 
�

��	y�������ABzr�{|

12�GH�IJK�}~��3�

�

Abstract 
 

In this project, the positive 
charge-assisted tunneling (PCAT) has been 
proven to be a dominant mechanism of stress 
induced leakage current (SILC) in tunnel 
oxides. The transient behavior of the SILC 
arises from that the positive oxide charges, 
which help electrons to tunnel through the 
oxide, can themselves escape to the Si 
substrate in measurement. In addition, The 
transient component of the SILC plays an 

important role in read-disturb phenomena of 
a flash EEPROM. Moreover, we have found 
that the SILC can be annealed by electron 
injection. Finally, numerically simulation for 
positive charge-assisted electron tunneling is 
proposed. This model can successfully 
describe the time dependence and the field 
dependence of the SILC. 
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(a) positive oxide charge assisted tunneling  

Φ(x )=Φ0 - E0- Eoxx - ΦCoul -  ΦImage 

ΦCoul (x ) = 
q

4 ε  x-xh  
 

(b) time-dependence 

T1 = exp(-4?
x=0

x=xh

(2m eφ (x)/h
2
)
1/2

dx) 
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τ (xh) = τ0exp(
8π(2mh)

1/2

3qh
 Et
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- (Et-qEoxxh)
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)

I h(t) = qANh
0

toxexp (-t/τ (xh))
τ

 dxh

I cat(t) = ANhσ
0

tox

J(xh)exp(-t/τ(xh))dxh  for T2>>T1

J(xh) = kEox
 2
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