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1 Ú ó

�X VLSI(��5�8¤>´) �EEâ�×
�uÐ,MOS ì�ÅÚ?\��æ��9B�+
�. º� �Ø=�5
$õÑ, p�Ý�`:,
Ó����»�z�þÝ3,
�¡�ÌJp

 MOS ì��|Ë�Uå [1]. ,
, ì�ó²º
� �Ó��5½\­
�
%�Ù��5A^
�¯K [2−5], X©z [3] ¥�é¥IIS��æ
��ì�� HCI(916f)!TDDB(��»�Â
B) 9 NBTI(K �§ÝØ­½5) ��A. 
3ù
�¥, oJþË��916f�A´���æ�
� NMOS ì�5Uòz�­��Ï: Äk, »�þ
Ý~�, ¦��
ëê, ~XK�>Ø!ª���
|Ë�Y²�ÌO\. ,
�Ë��'�>6�¦
E,�3 [6,7], ¿��º�ì��\î­. ù¬O
\>6õÑ, ¿�ª%�>´���5. Ïd, é�
æ��ì��oJþË��AïÄEäk­��

¿Â. ,��¡, duì�ó�>Ø¿��A�º
��'~ �, ¦�ì�SÜ�>|rÝ�ÌO\,
î­K�ì���Ï��5 [8−10]. 916f�A
B´Ù¥��, §¬3 Si-SiO2 .¡�).¡�, ½
��z��²>ÖÐ¼, ½ö�)#��z��²,
��ì�ëê��mòz, �ªE¤ì�Ú>´�
� [11,12], 916f�A®¤��� VLSI Æ·9�
�ì��Ý���5Ï��� [13]. Ïd, éoJþ
�916f��úÅn�\���ïÄäk­�
¿Â.
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�¦>��^, ©z [15,16] é�l�3Ë�¥�
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AC7�916f�A, ��. ,
, ù
ïÄ�Ñ
ý­uüÕ�oJþË�½916f��A£ã
½Ån©Û, %�ké§���ú�AA:9�ö
�^Ån�'�ïÄ, 
ùéu MOS ì����
5A^9nÜ\�äk­�¿Â, Ïd¤��©ï
Ä�­�SN.

du MOS ì����°�' (W /L) ´>´�
O�'�ëê, ÏL'�ïÄØÓ°�'ì�éo
JþË��916fAå��AA5, �±��\
/
)Ë��916fØÓ>ÖÚ\�ªéì�
5U��^Ån, AO´�ì�º�!(��'X,
��ö�nÜ\�Jø(��O�â. Ïd, �©
éØÓ��°�'��æ�� NMOSFET ?1

oJþË��916fAå�Á�ïÄ, ¿éE¤
�ú��²>Ö?1
©Û. ÏLé�æ��ì�
oJþË��916f�ú�ëêé'9©Û, �
��ö��ú�AA:!åÌ��^��²>Ö
±9§�éì�(�9º���6'X, �©�ï
Ä(Jò��º�ì��|Ë�9916f��
5�nÜ\�Jø­��nØ�êâ|±.

2 Á �

Á��¬� 0.25 µm ó²ØÓº�� NMOS-
FET, »�þÝ� 5 nm, æ^fø�l (STI). Uì°
�' (W /L) ØÓ©OIP� 1#—6# ì�. Ù¥ 1#,
2#, 3#ì�þ�á�ì�, Ù���Ý�Ó
°Ý
'�� 0.3, 0.8, 2.32; 3#, 4#, 5#, 6#ì�þ�°�ì
�, Ù��°Ý�Ó
�Ý'�� 0.24, 0.6, 1.2, 3.
éù 6 «ØÓº��¬N+, z«�� 6 �©O?
1oJþË��916fAåÁ�, Ïd�k 72

��¬ëÁ. e©¥�Á�(J��NÙÚ�5Æ
�;.�.

oJþË�Á�´3#õnz¤ 60Coγ �
�
þ?1�, Ë�oJþ� 1500Gy(Si), JþÇ
� 0.51Gy(Si)/s. Ë� �� NMOS � ON G�,
= VG=2.5 V, VS= VD=0 V. 
916fAå^�
� VD=3.5 V, VG=1.8 V, Aå�mÀ^éê�ª�
\. ¦^��NëêÿÁ¤©O¼�Ë�9916
fAåz�ã�æK�ÑÑA5­�, ¿O�ª�.

3 ( J

3.1 oooJJJþþþËËË���ÁÁÁ���

ã 1(a), (b) ©O�º���� 1#ì�æKA
5ÚÑÑA5�oJþCz�­�, ã 2 �Ùª
��oJþ�Cz­�. L 1�ØÓ°�'�ì�
3 1500Gy(Si) oJþË���ëêCz�¹.

d L 1 � ± w Ñ, é u 6 « Ø Ó ° � '
� NMOSFET, oJþË���wÍ�ëêCzþ
�'��¦>6O�, ��´��
¦>6 (dÑ
ÑA5­��A) ,p, 
ª�9K�>Ø�Cz
�é��. é'L 1 ¥ 1#—3# ì��ëê, �±w
�, ��°Ý��ëêCz�²w. é' 3#—6#ì
��ëê`², ���Ý��ëêCz�wÍ.

3.2 999111666fffAAAåååÁÁÁ���

ã 3(a),(b) ©O�º���� 1#ì�æKA
5ÚÑÑA5­��916fAå�Cz'X,
ã 4�Ùª��916fAå�Cz­�. L 2�
ØÓº�ì�3 10000 s 916fAå��ëê
Cz�¹.
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L 1 1500Gy oJþË��ì�ëêCz�¹

1# 2# 3# 4# 5# 6#

»Ø� 0 ��¦>6 ↑ 4—5 þ? 4—5 þ? 4—5 þ? 4—5 þ? 4—5 þ? 4—5 þ?

��
¦>6 ↑/% 19.5 8.2 2.2 4.4 6 10.4

��ª� ↑/% 3.5 1.2 –0.6 –0.6 1.4 9

��ª� �Cz/V –0.1 –0.1 0.05 0.05 –0.05 0.05

K�>Ø ↓/V 0.168 0.07 0.03 0.04 0.05 0.17V

dL 2 �±wÑ, 916f�ú¬¦ª�!

¦>6!K�>Ø�ëêþu)wÍCz. é'
L 2 ¥ 1#—3# ì��ëê, �±w�, ��°Ý�
ÄëêCz�²w. é' 3#—6#ì��ëê`²,
���Ý�áëêCz�wÍ. Ó�, ã 3(b) w«,
916fAå�ì��ÑÑA5­�3�Ú«Ñ
yØ�Úy�. I�`²�´, ���Ý�á� 1#,
2#, 3#ì�¥ÑÑy
Ty�, ¿�§��Ø�Ú
§Ý���°Ý�m¿Ã²w'é.
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4 ? Ø

4.1 oooJJJþþþËËË������AAA

L 1 �AÑ�oJþË��ì�ëê��

Cz, Ì�´dË�Ú\��zÔ�²>Ö�.¡
�²>ÖE¤�. oJþË�¬3ì���z�,
�)»�z���l�z�¥, �)>f - �Çé.
>f��Ç�©l!DÑ��A��
�zÔ�
²>Ö�.¡�²>Ö (½¡�.¡�) �/¤. Ù
¥, �zÔ�²>Ö��­��"�
®²�y¢

� E′ ¥%, 
Ë�Ú\�Ç��� Ð¼/¤ E′

¥%Ì���AL§� [19]

≡ Si − Si ≡ +h+ →≡ Si+ · Si ≡, (1)

Ù¥ ≡Si L«�� Si �fÚn���f(Ü, ,
	�k�
� Si–H �'�L§, ØLdÙ�)
� E′ 4�. .¡�²>Ö��)K�©)�üÚ
L§ [20,21]: 1�ÚL§´�Ç3�úÑ$L§¥
ë��Aº� H+. 1�ÚL§´ H+ �úÑ$�
.¡?, �.¡?� Si–H �A, �) H2 � Pb �
²¥%. .¡�²�±´�>5�!¥5�!½K
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>5�, ùÌ��ûu¤�U?Ú�²U?� �.
XJ¤�U? u�²U?�e, @o�²´�>
5�, ��K´K>5�. ��éu NMOSFET, �
zÔ�²>Ö��, .¡�²>Ö�K [22].
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ã 4 ª��916fAå�Cz­�

L 2 10000 s Aå�ì�ëêCz�¹

1# 2# 3# 4# 5# 6#

��ª� ↓/% 33.8 26.1 28.9 1.3 ≈ 0 ≈ 0

��ª� �Cz/V 0.6 0.54 0.3 0.04 0.04 0.04

��
¦>6 ↓/% 17.0 14.4 8.5 0.3 ≈ 0 ≈ 0

K�>Ø ↑/V 0.84 0.59 0.25 0.01 ≈ 0 ≈ 0

�zÔ�²>Ö�.¡�²>Ö�ª¬�
� MOSFET � ª � ! K � > Ø ! 
 ¦ > 6 �
ë ê � C z. ~ X, » � ¥ e Ú \ � þ � ² >
Ö,MOSFET �ª�¬u)�Ì¤£9eü�y
�. ,
L 1 ¥w«, ì��ª��K�>Ø�C

z����u'��¦>69��
¦>6�U
C. ©Û@�ù
¦>6ÒÌ�5g�l�z��
�^: Ëì�¦>6�O��U
uü��¡, �
´»�Ú\��zÔ9.¡�²>Ö��^, �
´ STI �l�Ú\��zÔ9.¡�²>Ö��
^. ã 2 ¥��ª�9ª� ����Cz`²�
»��'�.¡�²>Ö9�zÔ�²>Ö¿Ø
v±E¤Xd��>6Cz, @où
>6�U5
gu STI ��^. � NMOSFET �Ë��, ¬3�
l�z��)�þ��zÔ�²>Ö�.¡�²
>Ö, ù
>Ö¬3��°Ý���üý!���
�l«�>�Ü /¤�.¦>Ï�, Xã 5 ¤«,
l
O\
¦�¦>6.

L 1 w«°�'���ì�ëêCz��, ù
�´
u STI ��^: � LOCOS �',STI �l«
��.�.¡?�Í, Xã 5 ¤«, $�?� Corner
Effect(k��A)[6,23], ¦��Ä����\N´�
Ï. �ì��Ëì�,STI «�)�þ��²>Ö,
¦� STI/�..¡�., Ä�ì��N´/¤¦>
Ï�, ÏdéuÓ�á�� 1#—3#ì�, ��°Ý
��ëêCz��. ��5¿�´, éuÄ�ì�
5`, �¦Ï�Ø=O\
'�>6, �¦mé>
6wÍO\, ÑÑ­��N,p, ¦K�>ØLy
Ñ���UC (XL 1), 
°�ì�Ä�Ø�3d
y�, ù�(J�©z [24] ¥´���. 
éuÓ
�°�� 3#—6#ì�, �X���Ý�O\, .¡
�²¤Ó�'~~�, K>5�.¡�²é�>5
��zÔ�²>Ö�¥Ú�^�~f, �N´/¤
¦>Ï�, Ïd���Ý��ëêCz�Ò�²w.

P /

N+ 

N+ 

(b)(a)

ã 5 STI «��¦Ï�«¿ã (a) ì��m�¦>; (b) >�¦>

4.2 999111666fff���AAA

L 2 �AÑ�916fAå�ì�ëê�C
z, Ì�´d916f5\E¤�. >
>Ø¿�

�ì�º��'~ �����«î�Úp�>
|�wÍO�, 3r>|��^e, 16f�²þ
ÄU��u9²ïG�e�²þÄU, ¤� “91
6f”. 916fÏL-E>l��Uþ, ¿�)�
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��.>6. -E�)�16f��±��916
f, ¼�v
�Uþ�L Si-SiO2 ³^½ö�B�
�z�¥, Ù{�L§�ã 6[11]. 5\�916f
3�z�Ú.¡?�)�á>Ö, l
��ì�ë
ê¤£, ?
K�ì���Ï��5.

1 2

3

4

5

栅

漏

注入到氧化区
陷阱产生

陷阱电荷最终
造成器件退化

碰撞电离
载流子获得高能

ã 6 916f5\�Ä�L§

916f�A�)�zÔ�²>Ö�.¡�
²>Ö��nL§�oJþ¥�´�q�: �zÔ
�²>Ö�Ì�5
E´7�f�m�ä�¿Ð
¼�Ç�)� E′ ¥%, �ã 7(a). .¡�²>Ö½
Ì�
g Si–H ��ä�9>¹5� Pb ¥%��

), �ã 7(b).

± �ïÄL², 916f�A�©�n�
 �Aå«�, �.�Ú:NC (Vgs > Vds), �Ú
G� (Vgs ≈ Vds/2), ±9f?\r�.«��G
� (Vgs ≈ Vds/4—Vds/2)[25−27]. Aå«�ØÓ¬�
�Ì��>Ö�)ÅnØÓ. L 2 w«
916f
�ú���A:´ª�ü$. ù´Ï�3¥»ØA
å«, ì�ó�3�ÚG�, -E>lÇ�, �)

�þ�916f, ¦.¡���)��¸�, l

E¤
ì�ª���ÌÝeü. Xã 4 ¤«, ª�
Czkü�A:, ��ª�ü$9ª�­��N�
�¤£, §�©O
u.¡���zÔ>Ö��^.
ÏL>Ö©l�{ [28] lã 3(a) �±
)"�>Ö
�/¤, �XAå�mO\, æK­��ÇÅì~
�, L²
�þ.¡�)¤, 
æK­���N�
�£ÄL²
�zÔ¥K>Ö�)¤. ã 3 ¥¤«
�ì��~�æK�ÑÑ­�þu)�Ì£Ä, 

'��¦>6Ä��u)UC, `²
E¤ëêò
z�Ì��Ï5gé¬N+�~A5å�^�»
�
��l�z���^.

O

H

O

OO

O

O

O

Si

Si

O

OO

O

O

O

(b)(a)
Si+

+ h+

Si

Si

Si

SiSi

Si

Si

SiSi

SiO2

氧空位 E' 中心
反应前 Pb中心

ã 7 �²¥%�/¤ (a)E′; (b)Pb ¥%

L 2 ¥w«���°Ý���Ý�á, ì��
�ú�²w, ù´Ï�>Ö�5\�>|rÝ��
�', ì���Ý�°Ý~�, \�
��«î�
�p�>Ø, \­916f�ú, Ïdº����
ì�, 916f�ú�î­. ,	, éu���á�
�¹, p>|3¦ pn (Ñ¦«�C¦«>.NC
9��aAÑ��K>Ö¬¦��¥>fêþO
\ [29], ��>{~�, 
¦>6�
¦>ØO�

O�, ÏdÑy
ã 3(b) ¥�y�.

5 ( Ø

oJþË��916f�A��ú�n�3
�q�?, §�Ñ´ÏL3�z�Ú.¡?Ú\�

²>Ö
¦ì�ëêu)òz�, ,
, §���
úLy/ª%�Ø�Ó: oJþË��Ì��ëê
Cz5g'��¦>6��ÌO�9>6­��
p, ù¬O\>´õÑ; 
916f�ú�Ì�L
y´ª�ü$, K�>ØO�9>6­�eü, ü
$>´°ÄUå. E¤�öØÓ�ú/ª��Ï
3uåû½�^��²>Ö �ØÓ: oJþË
�3 STI �l�z�¥Ú\
�þ��zÔ9.
¡�²>Ö, /¤�¦>Ï�O\
'��¦>
6, I�AO5¿�´Ä�ì��méG��>6
�¬�XO�, ¿E¤K�>Ø¤£; 916f3
»�9Ù.¡/¤��zÔ9.¡�²>Ö��
UC
ì��æK9ÑÑ­�, ¿ü$
ª�. ù
�m�E¤
oJþË��916f�úé��
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�'�ØÓ�6'X: ��°Ý��!�Ý�°
� (°�'��) �ì�3Ë�¥�N´/¤¦>
Ï�, E¤'��¦>69ÑÑA5­�,p; 

��°Ý��Ýþ�� (º���) �ì�SÜk
���>|, �N´�)916f�ú, ¿��Ý
�á�ì�ÑÑA5­�3�Ú«ÑyØ�Ú�
y�.

�X»�þÝ�~�,STI �l�z�3oJ
þË�¥��^�5�wÍ, ,
»�z�391
6f�ú¥��^�´ØN�À�. ¿�, oJþ
Ë��916f�úéì��°�'kØÓ��
6'X. Ïd, é�ö?1\��, A­:lì��
Oº�!(���¡\±nÜ�Ä.
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Abstract

Total dose irradiation and the hot-carrier damages are two of the important factors for the application of sub-micro and even

smaller MOS devices. Therefore, how to prevent the device from being damaged attracts much attention. Total dose irradiation

and hot-carrier effects of sub-micro NMOSFET with various channel sizes are studied. Electronic parameters are measured and the

results show that though the principles of damages are somewhat similar, the total dose irradiation and the damage behavior and

their dependences on the width-to-length(W /L) ratio of channel size for these two effects are different. The most notable damage of

radiation lies in the great increase of the off-state leakage current, and the damage increases with W /L reducing. While for hot-carrier

effect, several parameters such as trans-conductance change a lot, except for the off-state leakage current. And the damage increases as

channel length and channel width decrease. The different damage behaviors and different relations to channel size are attributed to the

different location of charges induced. Therefore, different aspects should be considered when the device is hardened against these two

effects.
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