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ïÄ
ü«I�(^ VDMOS ì�3ØÓ �^�e�oJþË��ú�A, &?
ì��K�>Ø!ÂB
>Ø!�Ï>{!¦>6�>ëê�\ÈJþ!ò»�m�Cz'X. ¢�(JL²ùü«I�(^ VDMOS ì
�Ëì�>ëêÎÜEâ�I, ÷v3E,�m>lË��¸eó���¦. d	, ÏLéì�3ØÓ �^�e
�oJþË��ú�A?1ïÄ, éÙ¦.Ò(^ VDMOS ì�ó²Ú�O�?�ÚU?, äkë��^.

'�c: VDMOS, oJþ, Ë��A, ò»

PACS: 61.82.Fk, 61.80.Ed, 42.88.+h, 81.40.Wx

1 Ú ó

VDMOS (vertical double-diffused metal oxide
semiconductor) ´R��>�V*ÑõÇì�, ä
kÑ\{|p!°ÄõÇ$!m'�Ý¯!9
½5Ð�A:, Ó�§�äkK�§ÝXê, vk
V4¬N+¤¢��gÂB, ù
`:¦� VD-
MOS ì�3Ê�!ÊU!Øó§�4àE,�¸
e�A^�5�2� [1,2].

¯¤±�, �m¥�3X�þ��>âf9�
»��, ¦A^u�m�>f�ì�duÉ�Ë�
�K�, ëê95U¬u)òz, î��U��.
�Ù¦ì��', VDMOS ��¥(¥~^��g
>õÇm'ì�, ��5c��. ��ì��
5UÉ�K�, �Uü$¥(���5, î�ò
��ÊU?Ö��}.

I	k' VDMOS ì�oJþË��ú�A
9ÙÅn�ïÄmÐ�@, 8c®²ï�Ñäk|
Ë�Uå� VDMOS ì�, äk�L5�{I IR
úi, Ù�¬�|oJþUå��
 104 Gy (Si).
ISé(^>f�ì�Ë��ú�A�ïÄC

c5��
é�?Ú [3−6], ��é VDMOS ì�
oJþË��ú�AÅn
)��Ø
�\, Ù�
¬�|Ë�Y²�$, 3oJþ�� 2×103 Gy (Si)

�, ÂB>Ø¤£
 40V �m. IS|Ëì�¬�
þ�6?�, �duÉ�IS/³�K�~~�½
¥ä. Ïd, mÐ VDMOS ì�oJþË��ú�
A�ïÄ, éï�äk�p|ËìUå� VDMOS
ì�, Jp·IÊUì>fXÚ���5, `þI
	k?Y²äk�~��y¢¿Â.

ïÄL², Ëì)¤��zÔ�²>ÖÚ.¡
�²>Ö¬�� VDMOS ì�>ëêu)Cz, X
K�>Ø�¤£!ÂB>Ø�~�!¦>6�O
\±9ª��ü$�. ©¥éI�(^ VDMOS ì
�3ØÓ �^�e�oJþË��ú�A?1

ïÄ, ?Ø
ì��K�>Ø VGS(th)!ÂB>
Ø BVDSS!�Ï>{ RON!¦>6 IDSS �>ëê
�\ÈJþ!ò»�m�Cz'X. ¢�(JL²
d.ÒI�(^ VDMOS ì�Ëì�>ëêÎÜ
Eâ�I, ÷v3E,�m>lË��¸eó��
�¦.

2 ¢��{

2.1 ¢¢¢������¬¬¬

¢��¬´ü«I�(^ VDMOS ì�, µ
C/ª´ SMD (surface mount device), ì�p�(
�¿¡ãXã 1 ¤«, ;.ëêA5XL 1 ¤«, ì
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ã 1 VDMOS ì�p�(�¿¡ã

L 1 ÉÁì�Ì�Eâëê

ì�.Ò ��a. VGS(th)/V BVDSS/V RON/Ω IDSS/A

A . n � 2—4 400 0.55 2.5×10−5

B . n � 2—4 500 0.55 2.5×10−5

L 2 ÉÁì�Ëì�ëê�I�¦

ì�.Ò VGS(th)/V BVDSS/V RON/Ω IDSS/A

A . 1.25—4.5 > 300 6 0.55 6 5 × 10−5

B . 1.25—4 > 400 6 0.55 6 5 × 10−5

�Ëì�ëê�I�¦XL 2 ¤«. ëê¥K�>
Ø´���NL¡��.��, »þ¤\�>Ø;
ÂB>Ø´�¦>0�ÂB��$�.>Ø; �Ï

>{´�·��, ¦m�>{; ¦>6´�»4
>Ø� 0V �, ¦4>6. �
��¢�(J¥ó,
5��), z�1g��¬ÀJ 4 ¡?1Ëì.

2.2 ¢¢¢���^̂̂���

oJþËì¢�´3�®���Æ 60Co γ �
�þ?1�, Ëì\ÈJþ 2×103 Gy (Si), XJ
ëêÜ�K2J\oJþ� 50% (1×103 Gy (Si))
UY?1Ëì, ËìJþÇ� 5×10−1 Gy (Si)/s, Ë
ì3¿§e�¤. ¢�¥æ^» !¦ ü« �.
» � VG = 12 V, DS á´�/; ¦ � A . VD =
320 V, GS á´�/; B . VD = 400 V, GS á´
�/.

2.3 ¢¢¢���LLL§§§

UìI[IO GJB128A-97 1019 éì�?1
oJþËì9ò»¢�. ò�¹ÉÁì��>´�
�uËì, ?1 60Co γ ��Ëì; Ëì�5½�
Jþ�?1ëêÿÁ, XJëêØ�IKJ\oJ
þ� 50%UYËì; Ëì�¤�?1 168 h, 100 ◦C
�p§ò»¢�, ËìÚp§ò»�ì�� �^
��Ó; Ëìc�9p§ò»�¦^ TESEC 3620
ÿÁ¤éì�� VGS(th), BVDSS, RON, IDSS �ë
ê?1ÿþ, ÿÁ�mØ�L 2 h, ÿÁ^��L 3.

L 3 ÉÁì�ÿÁ^�

ÿÁëê ÿÁ^� `²

VGS(th) VDS = VGS, ID = 1.0 mA ¦>6 1 mA �, éA»Ø

BVDSS VGS = 0 V, ID = 1.0 mA ¦>6 1 mA �, éA¦Ø

RON A .: VGS = 12 V, ID = 6 A; B .: VGS = 10 V, ID = 4.8 A ·��, ¦m�>{

IDSS A .: VDS = 320 V, VGS = 0 V; B .: VDS = 400 V, VGS = 0 V »4 0 V �, ¦4>6

3 ¢�(J

ã 2 ´I�(^ VDMOS ì�3ØÓ �^
�e, K�>Ø�\ÈJþ!ò»�m�Cz'
X. lã¥·��±w�, �X\ÈJþ�O�, K
�>ØK�¤£, �¤£þ35½��S. ¦ �
^�eK�>Ø�¤£þ��u» �^�. 3J
\ 50%JþËì�, K�>Ø¤£é�. 3 168 h,
100 ◦C p§ò»�, ØÓ �^�eì��K�>
ØÑu)
£¤, ¿�£¤�ÌÝ�Øõ, » e

K�>Ø¡E�Ð©�NC.

ã 3 ´I�(^ VDMOS ì�3ØÓ �^
�e, ÂB>Ø�\ÈJþ!ò»�m�Cz'X.
lã¥�±w�, �X\ÈJþ�O\, ÂB>Ø
CzØ²w, 3J\JþËì��Ò¤£
 3 V �
m, p§ò»�¡E�Ð©�NC. �éu�ãU
?c, Ëì��ÓJþ�ÂB>Ø 40 V �m�¤
£, ÂB>Ø�¤£��
é��³�.

ã 4 ´I�(^ VDMOS ì��Ï>{�\
ÈJþ!ò»�m�Cz'X. lã¥�±w�,
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�X\ÈJþ�O�Úò»�m�O\, �Ï>{
�Czé�, 35½���S. ·�@��Ð�)
û
�Ï>{ÚÂB>Ø�m�gñ.

ã 2 K�>Ø�\ÈJþ!ò»�m�Cz'X (a) A .;
(b) B .

ã 5 ´I�(^ VDMOS ì�¦>6�\È
Jþ!ò»�m�Cz'X. lã¥�±w�, �
X\ÈJþÚò»�m�O\, ì��¦>6�é
uÐ©�k
é��Cz, �Cz�ëêEÎÜ�
O�¦.

4 (J?Ø

·��� VDMOS ì�K�>Ø�¤£Ì�
´du>lË��� SiO2 ¥�)�zÔ�²>Ö
Ú Si-SiO2 .¡�).¡�²>ÖÚå� [7,8], ¤
£úª�

∆Vth = ∆Vot + ∆Vit, (1)

ª¥ ∆Vth ´K�>Ø�¤£þ; ∆Vot ´�zÔ�
²>ÖÚåK�>Ø�¤£þ; ∆Vit ´.¡�²
>ÖÚåK�>Ø�¤£þ. 3ã 2 ¥w�, VD-
MOS ì��K�>Ø�\ÈJþ�O\K�¤
£, �3J\JþËì�, ¤£þé�, k�Cq

�±ØC. >lË�éì�K�>Ø�K�´�
zÔ�²>ÖÚ.¡�²>Ö�Ó�^�(J. é
u n � MOSFET .¡�²>Ö´K>Ö, éu p
� MOSFET .¡�²>Ö´�>Ö, �zÔ�
²>Ö��Ñ´�>Ö [7−9]. é p � MOSFET 
ó, .¡�´�Ì.�w�>5, §��zÔ�>
ÖÓ5, éK>Ø¤£��z´�ö�Ú, ÏdK
>Ø¤£�X\ÈJþ�O\©ªK�O�. �
é n � MOSFET 5`, .¡�´ÉÌ.�wK>
5, §��zÔ>ÖéK>Ø¤£�K��pÖ�,
Ïd�.¡�²>Ö�êþv
��, K�>Ø�
X\ÈJþ�O\�Uu)£¤, �ªk�U�u
Ëìc��, Xã 6 ¤« [7−9]. n � VDMOS ì�
¥, ËìÐ©�ã�X\ÈJþ�O\, �zÔ�
²>Ö�þ��), ��
K�>Ø�K� £,
d�.¡�²>Ö)¤�ú, êþ���u�zÔ
�²>Ö. 3J\JþËì�, )¤.¡�²>Ö
�êþ�õuÐ©���, w«K>5�.¡�²
>ÖÖ�
�zÔ�²>Ö��^, üö�Ó�^
¦�K�>Ø�X\ÈJþ�O\Czé�, $�
k�Uu)£¤y�.

ã 3 ÂB>Ø�\ÈJþ!ò»�m�Cz'X (a) A .;
(b) B .

176107-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 17 (2012) 176107

ã 4 �Ï>{�\ÈJþ!ò»�m�Cz'X (a) A .;
(b) B .

ØÓ �^�, ì�K�>Ø�Jþ�Cz'
XØÓ. lã 2 ¥w�, ¦ ��K�>Ø�\È
Jþ�Cz��u» ����¹. �3©z [10]
¥, ·�w��'¦ �, » �éì�K�>Ø
¤£�K���. @�¦ ��, Øü�Ü©�3
u� � p-n (?, 3�z�¥�)>|é�Ç�
K��'» ��3�z�¥�)>|é�Ç�
K�´é��. �é¢�¥uy�¦ �eì�K
�>Ø�¤£þ�u» �ù�y�, 8c�vk
é�Ün�Ån?1)º, ÿ�?�Ú©Û, ©¥
�´lØÓ �^�eì�SÜ>|��ý(J
\Ã?1
ÐÚ?Ø. ã 7 ´ A .ì�3ØÓ �
�, ì�SÜ>|� ISE �ýã, ã 7(a) �¡´»
 ^�, m>´¦ ^�, ã 7(b) ´ (a) ���ã.

lã 1 Úã 7(b) ¥��3�½»Øeì���z
�¥k>|�3, �duó²U?, »�z��þ
Ý��Òé�, Ó��K�>Ø¤£�'�»ØÚ
å�>|Ì�´�3.¡?Ð¼�Ç�>|, Ïd
»Ø�é�Ç�Ð¼Uå�f. ¦ �edu p
«� n «��,ßÝ�'[, Ïd(� p «*Ð
��m>Ö«�°, ¦�3>�>|�^e�z�
¥�þ��Ç�[�.¡NC)¤�²>Ö, ¦�
K�>Ø�¤£�'» ����.

3��� 168 h 100 ◦C p§ò»¥, ØÓ �
eK�>ØkØÓ§Ý�¡E, ùÌ�´duÐ¼
�Ç�ò»Úå�. ·���Ð¼�Ç�ò»kü
«�., �«´��ò»�., �«´9u�ò»
�.. l©z [11] ¥��, �éu9u��., ��
�.¥Ð¼�Ç�ò»�§Ývk'X. d	, l
ã¥w�, ØÓ ��ì�K�>Ø�ò»�m�
Cz�¹�q, ¿�£¤�ü^�Cq²1, Ïd
©¥æ^9u��.5)ºÐ¼�Ç�ò». 3
9u��.¥, �Ç-u�d��VÇ��²�
é SiO2 d��Uþ¤�ê'X, ÏL± �Øã
·��� [8], 9u�ò»±9u�c÷ Φm(t)�Ù
A�, Xeª¤«:

Φm (t) = kT/q · ln
(
AT 2t

)
, (2)

ª¥ T ´ýé§Ý, k ´À�[ù~ê, q ´Ä�
>Ö, A ´��mÐ¼�¡k'�ëê. �'¿§,
100 ◦C ò»�du§Ý�,p¦�� T ¤�'
� Φm ���C�, ���z�¥�þÐ¼�Ç�
Uþ�u Φm, Ð¼�Çdu9-u��^u)�
þò», l�� 100 ◦C eK�>Ø�¡E, Ó�
l�.5�>f���ÇEÜ. ��éu�Ç�[
�d��êþ5`��. lc¡�?Ø¥·���,
ØÓ �eK�>Ø¤£þ�ØÓÌ�´du.
¡�²>Öêþ��ÉÚå�. k©z�Ñ [12−14],
.¡�²>Ö�U3�p�§Ýeâu)ò». 3
©z [15] ¥·�w�, 3 25 ◦C � 300 ◦C ,§��
ò»�, 25 ◦C � 125 ◦C ´��.¡�²>Ö�È
\L§, 125 ◦C ±þ.¡��²>Ö�êþâm©
~�. Ïd,©¥p§ò»�,·�@��k�zÔ
�²>Öu)
ò». lp§ò»�ØÓ �eK
�>Ø£¤�þ��Ó,·���±���X\È
Jþ�O\, ØÓ �eK�>Ø¤£�ØÓÌ�
´du)¤.¡�²>Öêþ��ÉE¤�.

lã 3 ¥·���ÂB>Ø�\ÈJþÚò
»�mvk²w�Cz. ÂB>Ø´ VDMOS ì
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���é��>Æëê, §�N
ì��FØ
Uå, æ^ªàEâ�±Jp VDMOS ì��ÂB
>Ø [16,17]. �©æ^|��ªàEâü$(L¡
dÇ�AÚå�p>|, ?Jp
ì��ÂB
>Ø. �c�¢�(JL², ÂB>Ø´���~
¯a�ëê, uyËì��ÓJþ�d«.Ò VD-
MOS ì�ÂB>Ø¤£
 40 V �m. ÏL�ã�
U?!²¡È�`z!ªà�Uû±9 p ²5\
�O\¦�ÂB>Ø3J\JþËì���k 3 V
�m�Cz,·�@�K�>Ø�¤£��
éÐ
�³�.

ã 5 ¦>6�\ÈJþ!ò»�m�Cz'X (a) A .; (b)
B .

l ã 4 ¥ � � 3 Ë ì 9 � � � ò » ¢ �
¥, VDMOS ì�3ØÓ �e��Ï>{vk
² w � C z. VDMOS ì � � � Ï > { Ron =

Rch + Ra + Rj + Repi, Ù¥ Rch ´��>{; Ra

´L¡È\�>{; Rj ´¶« JFET >{; Repi ´
	ò�¤£«>{. éupØì�, Ron ¥ Repi Ó

ý�Ü©, 	ò�>{=��	ò��,ßÝ
Ú(�º�k' [18]. Ó�, ÏËìÚåK�>Ø¤
£¬��� Rch >{Cz, � Rch >{3 Ron ¥Ó
�'~é�, Ïdlã¥w��Ï>{�\ÈJþ
9ò»�mvk²w�Cz. 	ò��þ, >{
Ç�p, ì��ÂB>Ø�Ò��, �Ó����

ì���Ï>{��, ùüö�3X�½�gñ,
©¥·��Ð/)û
üö�m�gñ.

ã 6 p �Ú N � MOSFET K�>Ø�Jþ�'X

lã 5 ¥w�, Ëì�ì�¦>6���éu
Ð©�k
é��Cz, k�$���
Az nA,
�ì�¦>6�ù«CzÎÜEâ�I�¦, y²
3�ã�OU?9ó²J,�¦>6O���

³�. 3©z¥·�w� [19], ��@� n � VD-
MOS ì��¦>6CzÌ�´dK�>Ø�¤£
E¤�. Ëì�3»�z��)��²>Ö�Ð
¼, ÚåK�>ØK�¤£, ��»Ø3�vk�
�mé>Ø�, ��ÒkÜ©�mé, �)¦>. �
3©¥·�w�, » ��, K�>Ø�¤£þé
�, �´�Ó^��ì��¦>6O\%éõ, ·
�@�ùÌ�´du|�¦>Úå�, ùp¤��
|���´ì�>���l|�z�. Ëì3ì�
�»�z�Ú>�|�z�¥�)�zÔ�²>
ÖÚ.¡�²>Ö. éK�>Ø¤£kK���´
»�z�¥��²>Ö. »�z�Ú|�z�¥
�Ð¼�²>ÖÑé¦>6�O�kK�. Ïd,
·�w�3» ��, K�>Ø��¤£Ó�¦>
�O\��. 3ã 5 ¥·��w�, 3p§ò»�,
ì��¦>6vk�K�>Ø@�£¤´UY
O�,·�@�ùÌ�´|�z�¥�.¡�²>
ÖÚå�. 3c¡�Qã¥·���, 3 125 ◦C ±
þ.¡��²>Ö�êþâm©~�. 100 ◦C �p
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§ò»¢�¥, �,|�z�¥��zÔ�²>Ö
u)
ò», �´.¡�²>ÖUY)�, Ó�d
u|�z���'»�z�þ, Ù)�ó²���

ØX»�z�î�, ¦�|�z��é»�z��
~ “^”, "��õ, �¦Ëì)¤��²>Ö�õ.
�ª¦�p§ò»�, ì��¦>6UYO\.

E/VScm-1 E/VScm-1

E/VScm-1

E/VScm-1 3.0T105

2.4T105

1.8T105

1.2T105

6.0T104

9.9T10-10

3.0T105

2.4T105

1.8T105

1.2T105

6.0T104

9.9T10-10

3.0T105

2.4T105

1.8T105

1.2T105

6.0T104

9.9T10-10

(a) (b)

3.0T105

2.4T105

1.8T105

1.2T105

6.0T104

9.9T10-10

ã 7 A .ì�3ØÓ ��, ì�>|�ýã (a) Ú��ã (b) (�¡: »Ø 12 V, ¦ 0 V; m¡: ¦Ø 320 V, » 0 V)

5 ( Ø

ÏLé#.I�(^pØ VDMOS ì�3Ø
ÓË� �^�e�oJþË��ú�A?1

ïÄ, ��
Nõk¿Â�(J, éì�ó²Ú�
O�?�ÚU?kë��^. ·�@�d.ÒI
� VDMOS ì�K�>Ø�X\ÈJþ�O�
~�, 3J\JþËì�vkUY¤£, ùÌ�´
du)¤�.¡�²>ÖÖ�
�zÔ�²>Ö
�K>5; 100 ◦C ò»�, ØÓ �eK�>Ø¡
E�þ��Ó, Ì�´du.¡�²>Ö��3�

p�§ÝeâUu)ò», Ó��y²
ØÓ �
eK�>Ø¤£�ØÓÌ�´du)¤.¡�²
>Öêþ��ÉE¤�. du�ã�U?!²¡È
�`z9ªà�Uû, ¦�ÂB>Ø�Jþ�¤£
l�5� 40 V eü� 3 V �m, ÂB>Ø�\È
Jþ�Cz��
³�. �Ï>{�CzØ²w,
·�éÐ�)û
�Ï>{ÚÂB>Ø�m�g
ñ. du|�¦>�K�, ¦�K�>Øk��¤
£�, ¦>6Czé�, Ó�3p ò»�¦>6
UY¤£.
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Abstract
Total dose effects of domestic VDMOS devices used in satellite under different bias conditions are investigated. The dependences

of the typical electrical parameters such as threshold voltage, breakdown voltage, on-state resistance, and leakage current on total dose
are discussed. The experimental results show that the electrical parameters of the irradiated domestic VDMOS devices fulfill the design
requirements. These devices also meet the work demand in a complex ionizing total dose irradiation environment. In addition, our
experimental results are meaningful and important for further improving the design and the process of the others types of domestic
radiation hardened VDMOS devices.
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