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Äu�z��²>Ö±9.¡�²>Ö��)ÄåÆ±9Ë�Aå�ú��*Ån, í�Ñ
7á - �zÔ -

��N|�A+ (MOSFET) ¥Ë�AåÚå��z��²>Ö!.¡�²>Ö���K�>Ø¤£þ�Ë�Jþ
�m½þ'X��.. �â�.�±��: $Jþ�¹e, �z��²>Ö�.¡�²>Ö���K�>Ø¤£þ
�Ë�Jþ¤�'; pJþ�¹e, �z��²>Ö���K�>Ø¤£þu)�Ú, Ù¸��Ë�JþÃ', .¡
�²>Ö���K�>Ø¤£þ�Ë�Jþ¥�ê'X. ,	, �.�L²�z��²>Ö�.¡�²>Ö3ØÓ
�Ë�Jþ:m©�)�Úy�, Ù¥.¡�²>Öku�z��²>Ö�)�Úy�. ��, ^¢��y
T�
.��(5. T�.�±��O(/ýÿË�Aå�^e MOSFET �òz�¹.

'�c: .¡�², �z��², 7á - �zÔ - ��N|�A+, Ë�

PACS: 78.70.–g, 85.30.Tv, 85.40.Qx

1 Ú ó

�XÊUEâ±9ØEâ�ØäuÐ, ��N
ì�3ù
+�¥�A^��5�2�, 
��N
ì�3A^L§¥���5�®²Úå
�5�
õ�'5, éõÆöé��Nì�3Ë�Aå�^
e���5¯K?1
&? [1−3]. 3Ë�Aå�^
e, ��Nì�SÜ��z�¬�-u/¤>f -
�Çé, du>f�[£Ç��, Ïd¬3>|�
�^elm�z�, 
�ÇK¬��z�S��
Ç�²¤Ð¼, l
/¤�²>Ö [4−6]. ù
�²
>Ö¬E¤��Nì����, 
3ù
��Nì
�¥, 7á - �zÔ - ��N|�A+ (MOSFET)
�´���¯aì� [7]. Ïd, k7�éË�Aå
é MOSFET ¤Úå��úÅnÐmïÄ.

I	�é MOSFET Ë�Aå�^�ïÄÌ�
lü��¡\Ã: �
ÆölÔn�¡\ÃïÄ,
JÑ
¤£ - EÜ�. [8], T�.�±é¢�êâ
?1)º, �´T�.¤JÑ��z�SÜ�²>
Ö�Ýþ!�b�¿Øo´¤á; �kïÄL²,
MOSFET 3Ë�Aå�^e.¡�²>Ö�Ý/

¤�Ë�Jþ� 2/3 g�¤�5'X [9,10]; ,�

ÆöK´ÏLOzÆ�A��Ý5?1ïÄ, kï
ÄL²�Ë�Jþ�$�, .¡�²>Ö�Ý�Ë
�Jþ¤�', �Ë�Jþ�L,��.���,
T�K�Ë�Jþ� 1/2 g�¤�' [11]. ,	�k
ïÄL², �z��²>Ö�.¡�²>Ö�m'
X��, ��ö�m�½þ'X��E,, Ø�B
¢S¦^ [12].

�©l MOSFET Ë�Aå�ú��*Ån\
Ã, ïá
 MOSFET 3Ë�Aå�^e�ú�Ô
n�.. T�.�±��O(/£ãË�Aå�^
e�z��²>Ö�ÝÚ.¡�²>Ö�Ý�Ë
�Jþ�m�'X. �©��?Ø
ü«�²>Ö
©O��K�>Ø¤£þ�m�'~'X, ¿�â
¢�Ú�[(Jé�.?1
�y.

2 nØ�.

2.1 MOSFET ËËË���AAAååå���úúú������***ÅÅÅnnn

7á�zÔ��N (MOS) ì�3Ë�Aå�
�^e¬�)òz, ÙäNL§Xe: MOS ì�3
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Ë�Aå��^eáÂË�Uþ, áÂ5�Ë�U
þ¬3�z�¥�)>f - �Çé. du SiO2 �
ý�A5, �)�>f - �Çé¥kÜ©ØUá=
EÜ. Ù¥>f�[£Ç��u�Ç�[£Ç, Ï
d>f¬3>|å��^elm�z�, 
�Ç
KUY33�z�SÜ, úúà8å5, /¤"�.
�z�SÜ�"��±Ð¼�Ç, /¤��>�"
� (E′ %)[13,14]. ù
��>�"�Ú¡��z�
�²>Ö.

MOS ì�É�Ë�Aå�^¬�)�lf, ù

�lf�±-¹��ðz�nd]!�, ?�Ú
/¤.¡�² (Pb %)[15,16]. éuØÓa.� MOS
ì�
ó, .¡�²¤�>ÖØÓ: éu nMOSFET

ó, .¡�²�K>Ö, 
éu pMOSFET 
ó,
.¡�²K��>Ö. ùü«�²>ÖÚ¡�.¡
�²>Ö.

2.1.1 �z��²>Ö/¤�.
�z�¥Ë�Aå¤�)��Ç÷XR��

z�.¡���Ñ$�§� [4,17]

∂p

∂t
= gKgfy − ∂fp

∂x
, (1)

Ù¥, p ��ÇßÝ, t �Ëì�m, g �Ë�JþÇ,
Kg �ü NÈ�z�SÜduü Ë�Jþ¤�
)�>f - �Çé�êþ, fy �>f - �Çé<ø
EÜ�AÇ, fp ��ÇÏþ.

Ë�p��z��>Ö�Ý�

∆Not =
1

tox

∫ tox

0

ptxdx

= Nt

{
1
2
tox +

1
σptDKgfy

× exp(−σptDKgfytox)

+
1

(σptDKgfy)
2
tox

[exp(−σptDKgfytox) − 1]
}

, (2)

Ù¥, tox ��z�þÝ, pt ���²¤Ð¼��Ç
ßÝ, Nt ��z�SÜ��Ç�²ßÝ, σpt ��
ÇÐ¼�¡, D �Ë�oJþ.

du (2) ªLuE,, Ïd�±éØÓJþ^
�©Oz{, ��:

∆Not =
1
2
NtσptKgfyt

2
oxD, (3)

∆Not =
1
2
Nttox, (4)

(3) ª´$JþË��¹eË�p��z��²>
Ö�Ë�oJþ�m�'X, (4) ª´pJþË�

�¹e�ö�m�'X. dþª�±wÑ, 3Ë�
Jþ����¹e, Ë�p��z��²�Ý�Ë
�Jþ¤�'; 3Ë�Jþ����¹e, �z�
SÜ��²þ��ÇÓâ
���Ú, d�, Ë�
p��z��²>Ö�Ë�Jþ�mvk'X, 

���z�þÝ¤�'.

2.1.2 .¡�²>Ö/¤�.

MOS ì�duË�Aå¤�)��ÇØ
/
¤�z��²>Ö�	, ��±Ú�z�S�¹�
"�u)�A, º��f, l
��.¡�²>Ö
��). TL§�±£ã� [4,17]

∂ [H+]
∂t

= NDHσDHfp (x, t) − ∂fH+

∂x
, (5)

∂Nit

∂t
= (NSiH − Nit) σitfH+ (tox, t)

−Nit/τit, (6)

Ù¥, [H+] ��z�º���fßÝ, NDH ��z
�S¹�"�ßÝ, σDH ��z�SÜ¹�"�é
�Ç�Ð¼�¡, fH+ ��z�SÜ��fÏþ,
Nit Ú NSiH ©O� Si/SiO2 .¡?.¡�²>Ö�
ÝÚ��ðz� Si ]!��Ý, σit �.¡?��
ðz� Si ]!�é�f�Ð¼�¡, τit �.¡�
²>Ö�ò»�m~ê, fH+(tox, t) �Ëì t ��
.¡?��fÏþ.

ò (5) ªÚ (6) ªéá�±)ÑË�Aåp�
.¡�²>Ö��Ý:

∆Nit = NSiH

×
[
1 − exp

(
−1

2
σDHσitNDHKgfyt

2
oxD

)]
= NSiH [1 − exp (−D/Dc)] , (7)

Ù¥, Dc = 2
(
σDHσitNDHKgfyt

2
ox

)−1 �.¡�
² > Ö � A � Ë � J þ, � Ë � J þ � $, ÷
v D/Dc ¿ 1 �, �±ò (7) ªz{��:

∆Nit =
1
2
σDHσitNSiHNDHKgfyt

2
oxD, (8)

d�Ë�p�.¡�²>Ö�Ý ∆Nit �Ë�J
þ D ¥�'~'X. �â (8) ª�±wÑ, Ë�p
�.¡�²>Ö�Ý�Ë�Jþ�m�'X��
E,. 3$Jþ�Ë�Aåe, �ö¥y�5'X,
�XË�Jþ�O�, �ö�'XÅì l�5,
�ªªu�Ú. kïÄöuyË�p�.¡�²>
Ö�Ý�Ë�Jþ¤ 1/2 g� [10] ½ö 2/3 g� [18]

��¹�´ù«�Úª³�¥m�ã.
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2.2 MOSFET ËËË���AAAååå���úúú���LLL������...

Ëì� MOS ì��K�>Ø¤£þ�±w�
´�z��²>ÖÚ.¡�²>Ö�Ó�^�(
J, Xeª¤«:

∆VT = ∆Vot + ∆Vit

= −qtox
εox

∆Not ±
qtox
εox

∆Nit, (9)

ª¥�ÎÒé nMOSFET ��Ò, é pMOSFET �
KÒ. ∆Vot � ∆Vit ©O��z��²>Ö�.¡
�²>Ö¤���K�>Ø¤£þ, q �>f>þ,
εox �»�z��0>~ê.

ò (9) ª©O�\ (3) ªÚ (7) ª, ¿z{, �±
��Ë�Aå�^e�z��²>ÖÚ.¡�²
>Ö©OÚå�K�>Ø¤£þ�Ë�Jþ�C
z, Xeª¤«:

∆Vot = −1
2

q

εox
NtσptKgfyt

3
oxD, (10)

∆Vit = ±qtox
εox

NSiH

× [1 − exp (−D/Dc)] . (11)

d (10), (11) ª, 2éX (4) ªÚ (8) ª, �±
wÑ, 3$Ë�Jþ^�e, Ë�Aå�^e�z
��²>ÖÚ.¡�²>ÖÚå�K�>Ø¤£
þþ�Ë�Jþ¤�'; 3pJþË�^�e, Ë
�Aå�^e�z��²>ÖÚå�K�>Ø
¤£þ�)�Úy�, �Ë�JþÃ', 
.¡�
²>ÖÚå�K�>Ø¤£þ�Ë�Jþ¥y�
ê'X.

3 ¢�(J�©Û

¢��¬� 1 µm IO CMOS ó²���Or
. n-MOSFET, »�z�þÝ tox = 20 nm±1.5 nm,
� � ° � ' W/L = 4/1 (µm), � � � , ß Ý
� 1016 cm−3. Ë�Aå¢�3Ü�ØEâïÄ
¤ Co60γ ��
þ?1, ËìÏm MOSFET »4
 �>Ø VG = 4 V, 
4!¦4Ú�.þ�/, Ë
�JþÇ� 10 rad (SiO2)/s, oJþ©O� 30 krad
(SiO2), 60 krad (SiO2), 100 krad (SiO2) ±9 200 krad
(SiO2). �¢�æ^�Y¥Ü{ [19] é ∆Vot Ú ∆Vit

?1©l.
ã 1 � ¢ � ÿ � ± 9 � â � . í � Ñ �

Ë � A å p � � z � � ² > Ö ¤ Ú å � K �
> Ø ¤ £ ∆Vot � Ë � J þ D � m � C z '

X. 3 ù p, � � . ë ê q = 1.602 × 10−19 C,
εox = 3.45 × 10−11 F/m, Nt = 1.6 × 1018 cm−3,
σpt = 4.0×10−13 cm2, Kg = 8.0×1012 cm−3· rad−1

(SiO2), tox = 2×108 m, ²LO�¤��� ∆Vot �
Ë�Jþ D �m�'X^J�L«. dã¥¢�
êâ�±wÑ, �z��²>ÖÚå�K�>Ø¤
£ ∆Vot �Ë�Jþ D ¤�'~'X, � (10) ª�
�. ¿�3¢�^�e, ¿vkuy�Úy�, ù`
² 200 krad (SiO2) �ËìJþ¿ØU¦�z��
²�êþ�)�Ú. �â�.�[Ñ� ∆Vot � D

�­��±�Ð/�¢�êâ���, ù`²�.
�ïá±9�.ëê�À�´Ä��(�.

ã 1 Ë�Aåp��z��²>Ö¤Úå�K�>Ø¤
£ ∆Vot �Ë�Jþ D �m�Cz'X (T = 25 ◦C)

ã 2 �¢�ÿ�±9�â�.í�Ñ�Ë
�Aåp�.¡�²>Ö¤Úå�K�>Ø¤
£ ∆Vit �Ë�Jþ D �m�Cz'X. �â�.
ëêO��� ∆Vit �Ë�Jþ D �m�'X^
J�L«. 3�.O��, �
BuO�, |^
X
eb�: �Ë�Aå¤Úå��z��²/¤êþ
�', Ë�Aå�c��²�Ý�±�ÑØO. é
u»�z�þÝ��� MOSFET 
ó, þãb�
´¤á�. �â¢�êâ�±wÑ, 3$Jþ�¹
e (60 krad (SiO2) ±e), .¡�²>Ö¤Úå�K
�>Ø¤£ ∆Vit �Ë�Jþ D ¤�'~'X, �
Ë�Jþ�u 60 krad (SiO2) �, �ö²w®² l

�5'X, 
¥yÑ�ê'X. dã¥�±wÑ,
�.O�Ñ� ∆Vit �Ë�Jþ D �m¥y�ê'
X, �¢�êâÄ�ÎÜ. éu�©¤æ^�¢�
�¬, duþãb�Ã{î�¤á, �ã 2 ¥�[
(JÚ¢�(J�3X�½� �, �oNª³Ä
���.
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ã 2 Ë � A å p � . ¡ � ² > Ö ¤ Ú å � K � > Ø ¤
£ ∆Vit �Ë�Jþ D �m�Cz'X (T = 25 ◦C)

�âã 1 Úã 2 �¢�(J, �±wÑ: 3Ë�
Jþ�$��¹e, �z��²>Ö�êþ ∆Not

�.¡�²>Ö�êþ ∆Nit Ä�þ�±�½
'~, 3 30 krad �¹e, ∆Not/∆Nit = 1.67, �
� 60 krad � 100 krad �¹e�'~�vk��C
z; �´3 200 krad �¹e, ∆Not/∆Nit = 2.76, '
~k
���Cz, �l,��¡L².¡�²>
Öêþ®²m©�Ú.

4 ( Ø

�©lË�Aå¤Úå��z��²>Ö±
9.¡�²>Ö�/¤ÄåÆ\Ã, ¿(ÜË�A
å�ú��*Ån, �ªí�Ñ
 MOSFET Ë�
Aå�^e�òz�.. T�.�Ñ
Ë�Aå¤
Úå��z��²>Ö±9.¡�²>Ö©OE
¤�K�>Ø¤£þ�Ë�Jþ�m�'X, =$
Jþe�z��²>Ö�.¡�²>Ö¤���
K�>Ø¤£þ�Ë�Jþ¤�'~'X; pJþ
e�z��²>Ö¤Úå�K�>Ø¤£þ��
�Ú, �Ë�Jþ D Ã²w'X, 
.¡�²>Ö
¤Úå�K�>Ø¤£þ�Ë�Jþ¥y�ê'
X, ��ö�)�Ú�Ð©Jþ¿Ø�Ó. ùL²:
��z��²>Ö�', .¡�²>Ö�O\êþ
3Ë�Jþ����¹e®²�)
�Úy�, 3
�pJþ��¹e, K�>Ø�¤£Ì�´du�
z��²>Ö��z. ÏL¢�éþã�.?1

�y, y¢
�.��(5. nþ¤ã, |^�©¤
ïá��., kÏué MOSFET Ë�Aå�^e
�òzA5?1���¦�L�.
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Abstract

Based on the production kinetics of oxide-trapped charge and interface-trapped charge and the microscopic mechanism of radi-

ation damage, a model of post-irradiation threshold voltage drift due to oxide trap and interface trap as a function of radiation dose

is proposed. This model predicts that the post-irradiation threshold voltage drift due to oxide trap and interface trap would be linear

in dose at low dose levels. At high dose levels, the post-irradiation threshold voltage drift due to oxide trap tend to be saturated, its

peak value has no correlation with radiation dose, and the post-irradiation threshold voltage drift due to interface trap has an exponen-

tial relationship with radiation dose. In addition, the model indicates that the oxide-trapped charge and the interface-trapped charge

start a saturation phenomenon at different radiation doses, and the saturation phenomenon of oxide-trapped charge appears earlier than

interface-trapped charge. Finally, the experimental results accord well with the model. This model provides a more accurate prediction

for radiation damage in metal-oxide-semiconductor field effect transistor.

Keywords: interface trap, oxide trap, metal-oxide-semiconductor field effect transistor, radiation
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