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ïÄ
 180 nm pÖ7á�zÔ��NEâe�ì����ÝéoJþËì�A�K�. 3Ù¦^�XËì 
�!ì�(��ØC��¹e, �z�¥��²>Öû½
Ëì�A. f�ø�l�z�¥��²>Ö¦�M)�
ý9���., l
/¤��'��¦>6. ù�>6����Ý�3�½�'X, ���Ý�á, �¦>6��.
ÄguyËì¬Orù�>6����ÝN��A, l
¦�ì�?�Úòz.

'�c: oJþ�A, f�ø�l, �z��²�>Ö, 7á�zÔ��N|�¬N+

PACS: 07.80.+b, 24.50.+g

1 Ú ó

�Xì�º�Øä �, ��»��2�A^
uk?�pÖ7á�zÔ��N (CMOS) Eâ. ù
ò��oJþËì3»�¥Ú\��²>Ö��
~�, K�>Ø (Vth) ¤£C��±�ÑØO [1−3].
ù�A5�� 1/f D(ÿÁ¤y². D(ÿÁ(J
w«3»�.¡NCvk/¤²w�"� [4,5]. ,

f�ø�l (shallow trench isolation, STI) �z�
¿vkÓÚ�� , 3k?Eâ¥§E,kAz�
B��þÝ. duK�>Ø�¤£´��z�þÝ
�²�¤�' [3], ¤±oJþËì�Aòé STI �
)î­K�. 3 (N ��7á�zÔ��N, NMOS)
ì�¥, Ëì3 STI �z�¥Ú\�z��²�>
Ö, ù
>Ö3>|�^e£Ä��zÔ/�..
¡, ¦�ý9�., l
/¤l¦à�
à�'�
�¦>6 [6,7]. ã 1 �d�A�«¿ã. Xã¤«,
�� NMOS ¬N+�±�����Ì¬N+Úü
�M)¬N+¿é. Ð¼3 STI ¥��z��²�
>Ö¦�ù�ü�M)¬N+���., l
/¤
ý9�>6��´».

� ó � ¥, · � ± 180 nm CMOS ó ²
� NMOS ì���ïÄé�, &?
ì���
�ÝéoJþËì�A�K�. ïÄuy, 3�±
Ù¦^�ØC��¹e, ���Ý�á, ËìÚå

�'��¦>6��. Ó�, Ëì�¬OrM)¬
N+����ÝN��A, l
¦�ì�5U?
�Úòz.

ã 1 (a) ÊÏ NMOS ¬N+��ã±9
¦��¦>6´
»«¿ã; (b) �÷ (a) ¥J� A—A′ ����¡ã; �±w
�, �� NMOS ¬N+�±�����Ì¬N+Úü�M)
¬N+¿é

2 ì�Ëì¢�

¢��¬� 180 nm CMOS ó² NMOS ì�.
æ^f�ø STI ��ì��l�. STI ¥W¿�´
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p�Ý�lfN (high density plasma, HDP) ��z
7. �z��þÝ�� 390 nm. À^
ØÓº�
� NMOS ì�, �) W/L (°/�) � 10 µm/10 µm,
10 µm/0.5 µm Ú 10 µm/0.18 µm; §��»�þÝ
þ� 3 nm. 
Ú¦� N .p�,, �.���� P
², ó�>Ø� 1.8 V. ¤k�¬þ�>bµC.

ì�Ëì¢�3¥I�Æ�#õnzEâï
Ä¤ 60Coγ ��Ëì
e?1. 3ËìL§¥, ¤
kì��
!¦Ú�.�/, �±»Ø� 1.8 V (=
��� �). JþÇ� 205 rad(Si)/s, ��oJþ�
� 500 krad(Si).

3Ëì�cÚzÚËì��, æ^S$Ôú
i� HP4140B °���Nëê©Û¤ÿþì�
� I-V ­�. ÿÁ�­��)�5«�=£A5­
� (IDS-VGS, VDS = 0.05 V) Ú3ØÓ»Ø VGS e
�ÑÑA5­� (IDS-VDS). üÚËì¢��m�
�m��3�����S.

3 (J�©Û

3.1 IDS-VGS ­­­���

ã 2 � W/L = 10 µm/0.18 µm �;. NMOS
ì�3ØÓoJþe IDS-VGS A5­�. �±w�
æK�«u)î­�òz
�5« (=K�>Ø±
þ�«�) A�vkÉ�K�. �q�(J��Ù
¦�ö¤�� [8] . ù�y��±^ã 1 5n). �
� NMOS ¬N+�±�����Ì¬N+Úü�
M)¬N+¿é. ùü�M)¬N+´± STI ��
���»�. Ëì�c, §��K�>Øép, l¦
�
��¦>6é�. �´3Ëì��, STI ¥òÐ
¼�þ��z��²�>Ö, ùò��M)¬N+
�K�>ØK�¤£. ����½�ËìoJþ�,
3»Ø�"�§��¬mé, l
�)�¦>6.
ù�>6U\�Ì¬N+� I-V ­�þ¦�ì�
�'��¦>6O\. ��5¿�´, �'uÌ¬
N+�mé>65`, ù��¦>6´é��, ¤
±§���K� IDS-VGS ­��æK«A5, 
é
K�>Ø±þ�«�A�vkK�. 
�, 3pJ
þ�¹e, '��¦>6�¬Åìª��Ú [9].

lã 2 ¥��±w�, ì��'�¦>6�X
oJþ�O\
O\. oJþ� 100 krad(Si) �, ì
� I-V ­�Czé�, '�¦>6A�vkCz,
ù`²Tì�3 100 krad(Si) EU�±éÐ�>Æ
A5. �oJþO\� 300 krad(Si) �, ì��'�
¦>6×�O\� nA ?, `²d��ü�M)¬

N+®²mé, ý9��®²/¤�.�. �oJ
þ�� 500 krad(Si) �, ì��¦>6�� 10−7 A,
'Ëìc�¦>6 10−12 A pÑ 5 �êþ?. 3T
Jþe, ì�®²Ã{�~'ä, ùò��>´·
�õÑO\$�õU��.

ã 2 NMOS (W/L = 10 µm/0.18 µm) Ëìc IDS-VGS

A5­�

3.2 oooJJJþþþËËËììì���AAA������������ÝÝÝ���'''XXX

ã 3 �ØÓ���Ý� NMOS ì�'�¦>
6�oJþ�'X. '�¦>6½Â� VGS = 0 V,
VDS = 0.05 V � � IDS > 6 � �. é ² w, �
��Ý�á, ¦>6��. l 3.1 �?Ø·��
�, ù�¦>6´duü>�M)¬N+mé��

ã 3 ØÓ���Ýì��'��¦>6� TID �'X

�. ùü�¬N+����Ý�Ì¬N+���
�Ý��, ¤±, Ì¬N+����á, M)¬N
+�����á, ?
Ëì���ý9¦>6��
�. Xã 4 ¤«, ±oJþ (TID) 500 krad(Si) �~,
��� 10 µm �, ¦>6��� 1.24 × 10−9 A;

3��� 0.5 µm, 0.18 µm �, ¦>6©O�
� 3.66 × 10−8 A Ú 8.13 × 10−8 A. ¦>6��
������êk��Cq��'~'X. �±ý
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ÿ, XJ���Ý?�Ú á, ¦>6ò¬UYO
�. ¤±, á��ì�3Ëì�¸A^5Uòz�
î­.

ã 4 TID � 500 krad(Si) �'��¦>6����Ý�'X

3.3 ËËËìììOOOrrr���������NNN������AAA

ã 5(a) Úã 5(b) ©O� W/L = 10 µm/10 µm
Ú W/L = 10 µm/0.18 µm � NMOS ì�3»
Ø� 0 V �, ØÓ TID e�ÑÑA5­�. »Ø
� 0 V �, Ì¬N+?u'äG�, ¤±ùü�
ã Ù ¢ Ò ´ M ) + � Ñ Ñ A 5 ­ �. 3 $ J þ
� (< 300 krad(Si)), ¦>6é�, `²d� STI ý
9��.��vk/¤. �oJþ > 300 krad(Si),
STI ¥Ð¼
v
�>Ö, ��ý9�., /¤¦>
´», ùÚ 3.1 �?Ø(J��. Ó���±*	
�, 3pJþ�, ¦>6� VDS �'X�±©¤ü
�«�: 1��«� (VDS ���), ¦>6�X VDS

�O\
×�O\; 
31��«� (VDS ���),
VDS é¦>6����^²w~f. AO´é��
��ì� (10 µm/10 µm), 3 VDS > 0.7 V �, ¦>
6A����Ú. éuá��ì� (10 µm/0.18 µm),
¦>6� VDS �ú/O\, ù�y�ÚÊÏ¬N+
�ÑÑA5­��~�q. ã 6(a) Úã 6(b) ©O
�ùü�ì�Ëì�c3ØÓ»Øe�ÑÑA5
­�, �Ò´Ì¬N+�ÑÑA5­�. ­��±
©�n�«�: =��«!�5«Ú�Ú« [10]. ·
�@�ã 5 Úã 6 üö��n´���, ���
«O3uã 5 ´�½»Ø VGS 
UC TID; 
ã 6
´�½ TID(Ëì�c, = TID = 0 krad(Si)) 
U
C»Ø. ¢Sþ, üö�ª�Ly´���. ù´
Ï�, ÑÑA5­�´d VGS � Vth �m��é
'Xû½�. VGS < Vth �, ì�'ä, >6�±�
ÑØO; Vth < VGS < VDsat �, ì�?u�5«,
¦à>6�'u VDS; VDS > VDsat = VGS − Vth

�, ì�K?\�Ú«. 3ã 5 ¥, �, VGS �½
ØC, ��X TID �O\, M)¬N+�K�>
Ø Vth,parasitic ~�. � Vth,parasitic > VGS = 0 V,
¬ N + ? u ' ä G �, d � ý 9 ¦ > 6 é �.
Vth,parasitic < VGS = 0 V �, M)¬N+mé, >6
÷X STI ý9l¦à6�
à. d��M)��a
qu��>{, 3 VDS ���, ¦>6�'u VDS.
�� VDS ���, M)¬N+���u)Yä, l

¦�¦>6ªu�Ú. Ïd, M)¬N+�ÑÑ
A5­���±aquÊÏ¬N+��©��5
«Ú�Ú«. Ó�/, 3á�� (10 µm/0.18 µm)
¥, M)¬N+�LyÑ�[Ù�����ÝN�
�A (channel-length modulation, CLM), =3�Ú«
¦>6¿Ø�Ú, 
´�X VDS �O\
�úO
\. ù¤�á��ì�3Ëì�¸A^¥�,��
��Ï�.

ã 5 M)¬N+�ÑÑA5­� (a) ì�º�� W/L =

10 µm/10 µm; (b) ì�º�� W/L = 10 µm/0.18 µm

,	, c[é'ã 5(a) Úã 6(a), ã 5(b) Ú
ã 6(b), · � Ø J u y, M ) ¬ N + 3 � Ú «
�­��'Ì¬N+��\��, �Ò´`§
3 � Ú « ¦ > 6 � » 
 > Ø VGS O � � � �
²w, �= CLM �A���î­. Youk � [11]

Q ² � � L, Ë ì 3 STI � z � ¥ � ) � � ²
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ã 6 NMOS ¬N+3Ëì�c�ÑÑA5­� (a) ì
�º�� W/L = 10 µm/10 µm; (b) ì�º�� W/L =

10 µm/0.18 µm

>Ö¬¦�3 STI ý9/¤Ñ¦�, ù�Ñ¦��


¦«��Ñ¦��p�^, l
~�k����
�Ý. 5¿, ù��p�^�´u)3 STI ý9N
C, ¤±�´M)¬N+�k����Ý~�, 

Ì¬N+�k����Ý´ØC�. ·���, k
����Ý�á, CLM �A�²w. ù�Ò´��
oM)¬N+3Ëì�� CLM �A¬\r��
Ï. 3p�¦à ��¹e, CLM Or�Aò?�
ÚO\ì��'�¦>6, ¦�ì��A5�\�
z.

4 ( Ø

�©ïÄ
�æ��eì����Ý�oJ
þËì�A�'X. Ëì3 STI ¥�)�²>Ö,
l
¦�M)¬N+mé/¤'��¦>6. '�
�¦>6����Ý��êCq¤�'~'X. �
��Ý�á, �¦>6��. ·�Äg��
M)
¬N+��3���ÝN��A, =3p¦à>Ø
�, >6¿Ø�Ú
´UYþ,. 
�§����
ÝN��A�'Ì¬N+��î­, l
¦�3p
�¦à Øe, �¦>6?�ÚO\. o�5`, á
��ì��Ëì�A�'�������. 3Ëì
�¸¥, A¦þ;�¦^á��ì�±Jp>´�
N���5.
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Abstract
The influence of channel length on total ionizing dose effect in a 180 nm complementary metal-oxide semiconductor technology

is studied. When other conditions such as radiation bias, device structure are the same, the overall radiation response is determined
by the charges trapped in the oxide. The off-state leakage due to the charges trapped in the shallow trench isolation oxide inverting
the parasitic sidewall channel has correlation with the channel length. A shorter channel leads to a larger leakage current. For the first
time, we report that the leakage current also exhibits the radiation enhanced channel-length modulation effect, which further degrades
the device performance.

Keywords: total ionizing dose, shallow trench isolation, oxide trapped charge, metal-oxide-semiconductor field
effect transistor
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