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ÏL©ÛÜ©Ñ¦ý��NX7pÖ7á�zÔ��N·��Å�;ì (SRAM) 3Ä� �^�e�>Æë
êÚõUëê�\ÈJþ�Cz5Æ, ïÄ
ý��NX7 (SOI) ó² SRAM ì�3 60Co-γ ��Ëì��oJþ
Ë��ú�A9ì�¯aëê�õU�Øê�m��'5, �?�Ú�\ïÄ�5� SOI 8¤>´�|oJþË
�\�9ÙË��úµ�Jø
�U�å»Ú�{. ¢�(JL²: Ë�Úå�|�Úî�¦>´õÑ>6O��
Ì��Ï; K�>Ø¤£E¤ÑÑp>²eü!$>²��þ,Ú¸ - ¸��Ìü$, ±9DÑò´O�; �oJþ
\È��½§Ý, Ü6õUÏ'äõU���ÑyâC�Ø; DÑò´ÚÑÑp>²�Ü6õU�Ø�m�3�
½�'5.

'�c: Ü©Ñ¦ý��NX7, ·��Å�;ì, oJþ�A, õÑ>6

PACS: 61.82.FK, 61.80.Ed, 85.30.Tv, 07.85.–m

1 Ú ó

Ü©Ñ¦ý��NX7Eâ (partial-depletion-

silicon-on-insulator, {P� PDSOI), ±ÙÕA�á
�(�k�/�Ñ
N7á��Øv, XÃ@£�
A, äk`û|üâfÚ]�Ë��Uå� [1]. �
Xp�$õÑ8¤>´�2�A^±9ØEâ�
uÐ, ·��Å�;ì (SRAM) �2�A^�ØÄ
åÚØÉì���XÚ¥, �E,�ØË��¸¬
é SRAM ì�E¤Ë��ú, cÙ´ý��NX
7 (SOI) ó² SRAM éoJþ�~¯a, ùÒéA
^T«ì����XÚ���5ÚS�5E¤î
%�, $���XÚõU��. Ïd, ïÄ SOI ó
² SRAM ì�3ØË��¸¥�Ë��úÅnä
ky¢¿ÂÚ7�5.

g 20 V 70 c�, 3 SOI ì�Ú>´�|Ë

�\��¡, I	®mÐ
�þó�, 80 � 90 c�
�ÏÌ�8¥u SOI ì�|oJþEâ�¡, ó²
Y²JpÚ8¤ÝO��Ó�, l¥�5���5
�8¤>´, Ù|Ë�Uåk¤â». 90 c��, 
:8¥3pU�f!¥f�é SOI ì��)�ü
âf�A9\�Eâ�ïÄ [2−4]. Cc5, �éØ
Óa.ÚØÓó²� SOI ì�, ISþ3�5�/

� � 5 � SOI p Ö 7 á � z Ô � � N (CMOS)

8¤>´�|Ë�\�Eâ�¡��
�þ¤
J [5], cÙ3 SOI ó² SRAM Ë��AÚ\�
Eâ�¡�ïÄ [6−8]. ISé�5� SOI 8¤
>´Ë��A�ïÄ?u&¢�ã [9−12], �®
¢y¿Jp¥�5� SOI 8¤>´�|Ë�U
å, ���¯I¦��3�½�å, ¿"yé�^
SRAM ì�Ë��ú?1Á�Úµ�����{
ÚÃã.
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8c, 'u SRAM oJþË��A�ïÄ, Ì
�8¥uïÄì�õÑ>6ÚõU�oJþ�C
z'X, �ì�õU�oJþ�Cz¥yÑâCL
§, õU��¿ØUéì����å�ý´�^,

�ØBu©Ûì��oJþË��úÅn. �©
ÏLïÄì�·�ÚÄ�õÑ>6!ÑÑp$>
²ÚÅ/!DÑò´ÚõU�Øê�oJþ�C
z'X±9ëê�m��'5, ïÄ
 SOI SRAM

ì�3 60Co-γ ��Ë�e�oJþË��úÅn
�A9��Ån, ¿ÐÚ&?
 SOI SRAM �o
Jþ¯aëêÚõU��ý´ëþ, ùéïÄ SOI

SRAM Ë��ú�AÚJpì�Ë�\�Y²ä
k�~��¿Â, ¿��5� SOI 8¤>´o
Jþ�úµ��{Ú|Ë�\�Jø¢��â
ÚÄ:.

2 Ëì¢�9ÿÁ�{

�¢�ÿÁ��XÚÌ�dÿÁXÚÚ��
XÚüÜ©|¤, l�ÿÁXÚd{I Altera ú
i Cyclone X�� EP1C6 . FPGA ¢�XÚ!PC

Å!«ÅìÚ�^L|¤, 3�Ö���XÚÌ
�æ^ 89C51 ü¡Å��XÚ. Äk, SOI SRAM

3 89C51 ü¡ÅXÚ�Ä�Ö� �^�e?1
3�Ëì, ,�£ ¿^ FPGA XÚé SRAM ?1
ÿÁ. 3õUëêÿÁ�, Ì�ÿÁ SRAM �êâ
Ö�õU: Äké¤k�;ü��\�½�ê (�
8?� 55 ½ AA), ,�Ö�êâ, ÏL'��\Ú
ÖÑêâ�ÉÓ, ±ÿÁ�;ü�êâ ´ÄÑ�,

¿P¹u)�Ø��;ü� ê, Ó�^�^Lÿ
Áì��·�ÚÄ�õÑ>6, ^«Åìiÿêâ
àp$>²!Å/ÚDÑò´.

¢��¬æ^ 0.8 µm CMOS PDSOI ó²�E
� 128 Kbit SRAM, Ëì¢�3¥I�Æ�#õn
zEâïÄ¤ 60Co-γ ��þ?1, ËìoJþ
� 750 Gy (Si), ÿÁJþ:©O� 100, 300, 400,

500, 650, 750 Gy (Si), JþÇ� 0.5 Gy (Si)/s. 3
�Ëì�, ^ 89C51 ü¡ÅXÚé SOI SRAM ?
1Ö���, ±&?Ä�ó� �^�e SOI ó
² SRAM �oJþË��úÅn.

Ë ì c � ÿ Á � ì � > Æ ë ê Ú õ U ë
ê k: · � õ Ñ > 6 (SRAM ì � ? u � ¡ ¦

U + � E1B = VL(L « $ > ²), � ¡ ¦ U +
� E2B = VL, ÖÑ¦U+� GB = X (L«p!
$>²Ø½), �\¦U+� WB = X G���>
>6), Ä�õÑ>6 (é SRAM �;ü�?1�
ö���Ä�õÑ>6), �;ü��Øê, êâà
ÑÑ¸¸�!p$>²ÚÅ/, ±9DÑò´�m.

3 ¢�(J9?Ø

3.1 ¢¢¢���(((JJJ

ã 1 Úã 2 �·�!Ä�õÑ>69õU�
Øê�oJþ�Cz'X. dã��, �XoJþ
�Øä\È, 3 400 Gy (Si) �c, ·�ÚÄ�õÑ
>6Ä�vkCz, oJþ\È� 500 Gy (Si) �,

ü«õÑ>6m©Ñy��O�, ¿O��Ð©�
� 2 �, ��·�ÚÄ�õÑ>6m©×�O�.

SRAM õU3 400 Gy (Si) �mm©Ñy�Ø, �X
oJþ�UY\È, �Øê×�O���� �Ø
ê (o� 16383 bits).

ã 1 ·�õÑ>69�Øê�oJþ�Cz'X

ã 2 Ä�õÑ>69�Øê�oJþ�Cz'X
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SRAM êâàÑÑÅ/�¸ - ¸�9p$>
²�oJþ�Cz'XXã 3 ¤«. 3oJþ\
È� 400 Gy (Si) �c, p!$>²�Cz�ú, 
¸ - ¸�ü$
 1.5 V �m, ��¸ - ¸�Úp>
²þì�ü$, $>²Ñy��þ,�ÌÝ��,

ì�õUm©��, ��� 500 Gy (Si) �, õU�
���.

ã 3 ÑÑÅ/�¸ - ¸�!p$>²9�Øê�oJþ�C
z'X

ã 4 ÑÑÅ/�DÑò´9�Øê�oJþ�Cz'X

ã 4 �Ñ
ÑÑÅ/�DÑò´9�Øê�
oJþ�Cz'X. lã¥��, �oJþ�\È,

3 400 Gy (Si) �, DÑò´'Ð©�O�
 7 ns,

��ì�õUm©Ñ�, �oJþ�� 500 Gy (Si),

®Ã{ÿþ�DÑò´.

ã 5 êâàÑÑÅ/�oJþ�Cz'X
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ã 5 ¤«� SOI SRAM êâàÑÑÅ/�o
Jþ�Cz'X. 3 400 Gy (Si) ±c, �XoJþ
�\È, SRAM ÑÑÅ/Ä��~, �Å/¸ - ¸�
�XoJþ�\ÈÑy�f~�. �oJþ\È�
�½§Ý, ì�õU��, ÑÑÅ/p>²Ã{�
±ÙG�, ×�ü�$>².

3.2 (((JJJ???ØØØ

du γ ���>lË��^, 3 SiO2 ý�
� ¥ � ) � z Ô � ² > Ö ¿ 3 Si/SiO2 . ¡ �
) . ¡ � � ² > Ö, ù ü « � ² > Ö Ú å ì �
�K�>Øu)¤£, ?é PDSOI 7á - �
zÔ - ��N|�Aì� (MOSFETS) 9Tó²
� SRAM 8¤>´5U�)wÍK�, $�E¤
õU��. ã 6 � SRAM �Ä��;ü�, ·�(
Ü SOI ¬N+Ú CMOS >´�>lË��úÅn,

é 0.8 µm-CMOS PDSOI SRAM �oJþË��A
?1
&Ä.

ã 6 ·��Å�;ì��;ü�

ã 7 N �>�|�M)¬N+�¡«¿ã

CMOS SRAM �;ü�´dü���ì�¤
�V�>´, SRAM �;ü�dÄ�� CMOS �

�ì�¤. SRAM ü���;G�û½u T1 Ú T3,

T2 Ú T4 ü���ì��±G�, ���ì�Ñ\
�p>²�, PMOS ��,  NMOS �Ï, ÑÑ�$
>²; Ñ\�$>², PMOS �Ï,  NMOS ��,

ÑÑ�p>². 3 SRAM �;ü�¥, � T1, T4 +
�Ï, T2, T3 +���, Q1 = 0, Q2 = 1, L«Tü�
� “0”; � T1, T4 +��, T2, T3 +�Ï�, Q1 = 1,

Q2 = 0, L«Tü�� “1”; T5, T6 ´�\ÖÑ��
+, di� W ��.

lã 1, 2 ¥w�, ·�ÚÄ�õÑ>6�oJ
þ�\ÈO�, 3 500 Gy (Si) ��, O��ÌÝ
��. éu PDSOI ì�, dì�(�û½�oJþ
Ë�¯a«�3Ë��¸¥�)a)�²>Ö, é
ì��ëê�)K�. du�»�z�Úî�z
���3, >lËì3 SRAM �;ü� N �+�
ùü�«�a)Ñ
�zÔ�>ÖÚ.¡��²
>Ö, 3ü«>Ö��Ó�^e, ¦��»Ú�»
�K�>ØK�¤£, A5=£, �oJþ\È�
�½§Ý, »>Ø��éì�'äG����, Ñ
y�» N �����¦>6Ú�»�.�Ï¦>
6 [11]. �XËìoJþ�Øä\È, �»Ú�»Ë
�a)¦>6�\ÈJþ�O\O�, E¤ì�
õÑ>6�O�. duì��|��þÝ���»
��þéõ, �Ùó²��vk»�î�, 3��
�oJþËìe, |��Òa)Ñ�þ��²>Ö,

Ïd3 PDSOI NMOSFET �4!¦4Ú7��
ý¡�´/¤ý�¦>��, Xã 7 ¤«, |�¦
>6�oJþ\ÈO�. �Xì�º��Øä
 �, ���Ý3 á, N �ý�|�¦>6Ï�
>��� á�N´u) [13].

·���, Ë�a)�²>Ö�êþ��z�
þÝÚ�þké�'X, �Xó²Y²�ØäJp,

�»�z�þÝ~�, |Ë�UåOr, �»Ë�
a)>Ö�K�3~f; �þ���þÝ���
�z�¬k�þ�Ë�a)�²>Ö�), ��O
\
¦>6, Ïd SOI ì�õÑ>6O�Ì�´d
�»�z�Ú|���Ë�¦>6E¤�. éu|
��, �ÏLæ^#.»(�ÚJp5\Jþ±O
\K�>Ø¿~�¦>6; éuî��, ~��
.�"�>ÖéJp|Ë�Uå�'�.

l ã 3 ¥ · � � ± w �, � o J þ \ È
� 400 Gy (Si) �, êâÑÑG�u)²wCz,
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p>²G�Ã{�±, ×��=�$>², ¸ - ¸
�Ñy�ÌÝü$, $>²G��,pÌÝ��.

γ ��3ì��z�¥a)Ñ�þ�²>Ö, ��
¬N+�K�>Ø�oJþ�\ÈK�¤£, ¦
��5��� NMOS ¬N+�Ï PMOS +?u
�Ú�ÏG�, ùÒ�� CMOS >´�ÑÑp>
²eü. K�>Ø�¤£¦?u�5�ÏG�
� NMOS ¬N+�Ï>{~�, >6C�, �>6
�O�ÌÝ'>{�~�ÌÝ��, d� PMOS +
?u���G�, l��ÑÑ$>²Ñy�ÌÝ
�þ,. ��, �oJþ\È��½§Ý, CMOS >
´�ÑÑG�Ñy$>²þ,!p>²eüÚ¸ -

¸�eü, >´�õUÑy��y�.

3ã 4 ¥, �±w�êâÑÑà�ò´�m�
oJþ�O\O�, �� 500 Gy (Si) �ì�õ
U����Ã{ÿÁ. ÑÑò´�m�oJþ�
Cz�ì��K�>ØCzk', K�>Ø�K�
¤£�� CMOS >´�¬N+k��>��>{
O�, éÑÑ>N�¿�>�mO\, >´�ÝC
ú, ò´�mO�. éu PDSOI ì�, �Xy�ó
²�U?, »�ÅìC�, ÙéK�>Ø�K�
3~�, Ïd, |��Úî��¥�a)>Ö9>
|©Ù¤�K�ì�oJþË��úA5�'�
Ï�.

lã 1—4 ¥�õU�Øê�oJþCz�¹
��, �Ë�oJþ�L 300 Gy (Si) �, m©Ñy
Ü6�Ø. ¬N+K�>ØK¤¦� CMOS >´
�ÑÑ$>²þ,Úp>²eü, �Ë�oJþ
\È��½§Ý, K�>Ø�¤£Úå¬N+�'
äõU��, �5��� NMOS ¬N+Ñy�Ï,

 PMOS ¬N+?u�Ú�ÏG�, �ÑÑp>²
�eü��p>²��K��, Ñy “1” � “0” �
 �=y�, ù«G���=��ì�Ü6õUÑ
y�Ø. ��KÑy “0” � “1” � �=y� [12].

�oJþ\È� 500 Gy (Si) �, SRAM �;ü��

êâA��ÜÑy�Ø, ì��õU��, ù�:
�lã 5 �êâÑÑÅ/¥�±�y.

l±þ¢�(J��, ¢�¤À^ SOI SRAM

ì��oJþËì¯aì�, ·�ÚÄ�õÑ>
6!ÑÑp>²!DÑò´�ì��¯aëê, ù

ëê�õU�Øê�oJþCz�é''X�
�ã 1—4. Xã 1, 2 ¤«, ·�ÚÄ�õÑ>6�
oJþ�CzÑ¢�u�Øê�âC, Ïdùü«
>6�õU�Øê�m��'5Ø�, Ø·Ü��
ì�õU���ý´þ. ã 3, 4 ¥�DÑò´Ú
ÑÑp>²�oJþCz��Øê�âCL§�
3�½��'5, éì�Ü6õUÑ�k�½�ý
´5.

4 ( Ø

é 0.8 µm-PDSOI CMOS ó²�·��Å�;
ì?1
 60Co-γ ��Ë�e�oJþËì¢�,

�ÑÃõk¿Â�(Ø, �±�ïÄ PDSOI SRAM

�oJþË��úÅn9|Ë�\�EâJø¢
�|±. ïÄ(JL²: N �����¦�¦>
6!M) N �+�|�ý�¦>6±9�»¦>
6�¦ì��õÑ>6�oJþ�O\O�, �
Xì�»��þÝØä~�, |�Úî�¦>¤�
Ë�ÚåõÑ>6O��Ì�Ï�; Ë�Úå�K
�>Ø¤£¦� CMOS >´�ÑÑp>²eü!
$>²��þ,Ú¸ - ¸��Ìü$, k��>
��>{�O�, éÑÑ>N¿�>�mO\, E
¤DÑò´�mO�; �oJþ\È��½§Ý,

¬N+�'äõUÏK�>Ø�¤£��, ¦
� CMOS >´�ÑÑp$>²u)Cz, �;ü�
Ñy �=y�, ?E¤ì�Ü6õUÑy�Ø;

·�ÚÄ�õÑ>6�õU�Ø�m��'5Ø
�, DÑò´ÚÑÑp>²�Ü6õUÑ��3
�½�'5.

[1] Liu X Y, Liu Y L, Sun H F, Wu D X, He Z J, Liu Z L 2002 Chin.

J. Semiconductors 23 213 (in Chinese) [4#�, 4$9, �°¹,

Ç�ù, Ú�², 4§á 2002 ��NÆ� 23 213]

[2] Liu S T, Golke K W, Anthony D 2003 IEEE Trans. Nucl. Sci. 50
2095

[3] Liu H Y, Liu M S, Hughes H L 2006 IEEE Trans. Nucl. Sci. 53
3502

[4] Baggio J, Ferlet-cavrois V, Lambert D, Paillet P, Wrobel F, Hirose

K, Saito H, Blckmore E W 2005 IEEE Trans. Nucl. Sci. 52 2319

[5] Han Z S 2007 China Electronics News C01 (in Chinese) [¸x)

106103-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 10 (2012) 106103

2007 ¥I>f� C01]

[6] Liu S T, Heikkila W W, Golke K W, Anthony D, Hurst A, Kirchner

G, Jenkins W C, Hughes H L, Mitra S, Ioannou D E 2003 IEEE

Trans. Nucl .Sci. 50 2095

[7] Brady F T, Brown R, Rockett L, Vasquez J 1998 IEEE Trans. Nucl.

Sci. 45 2436

[8] Fecher P S, Dougal G D, Sullwold J G 1997 IEEE Trans. Nucl.

Sci. 44 172

[9] Guo T L, Zhao F Z, Liu G, Li D L, Li J, Zhao L X, Zhou X Y, Hai

C H, Han Z S 2007 Chin. J. Semiconductors 28 1184 (in Chinese)

[HUX, ëuÐ, 4f, oõå, o·, ëá#, ±�Í, °�Ú,

¸x) 2007 ��NÆ� 28 1184]

[10] Zhao K, Liu Z L, Yu F, Gao J T, Xiao Z Q, Hong G S 2007 Chin.

J. Semiconductors 28 1139 (in Chinese) [ëp, 4§á, u�, p
�Þ, ��r, ö�� 2007 ��NÆ� 28 1139]

[11] Guo T L, Han Z S, Hai C H, Zhou X Y, Li D L, Zhao L X 2007

Chin. J. Electron Dev. 30 794 (in Chinese) [HUX, ¸x), °
�Ú, ±�Í, oõå, ëá# 2007 >fì� 30 794]

[12] Li M, Yu X F, Lu J, Gao B, Cui J W, Zhou D, Xu F Y, Xi S B,

Wang F 2011 Nucl. Tech. 34 452 (in Chinese) [o², {Æ¸, ©
è, pÆ, wô�, ±À, Nu�, RõR, �� 2011 ØEâ 34
452]

[13] Gao B, Yu X F, Ren D Y, Li Y D, Cui J W, Li M S, Li M, Wang

Y Y 2011 Acta Phys. Sin. 60 036106 (in Chinese) [pÆ, {Æ¸,

?&�, oþÀ, wô�, oj^, o², �Â� 2011 ÔnÆ�
60 036106]

106103-6



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 10 (2012) 106103

Research on the total dose irradiation effect of
partial-depletion-silicon-on insulator

static random access memory

Li Ming1)2)3) Yu Xue-Feng1)2)† Xue Yao-Guo1)2) Lu Jian1)2)3)

Cui Jiang-Wei1)2)3) Gao Bo1)2)3)

1) ( Xinjiang Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Urumqi 830011, China )

2) ( Xinjiang Key Laboratory of Electronic Information Materials and Devices, Urumqi 830011, China )

3) ( Graduate University of Chinese Academy of Sciences, Beijing 100049, China )

( Received 4 July 2011; revised manuscript received 12 October 2011 )

Abstract

In this paper, the changes of electrical parameters and their functional errors with the total radiation dose are studied, when

the PDSOI static random access memory (SRAM) is irradiated under different total doses. After the SOI SRAM is irradiated by the
60Co-γ ray, the total dose radiation damage mechanism and the correlation between the changes of device parameters and function

errors are discussed. For the large-scale SOI integrated circuits, this provides a possible method to further study the total dose radiation

hardening and the radiation damage assessment of the devices. It is indicated that the increase of current consumption is due mainly

to the radiation-induced leakage current from both field oxygen and buried oxide. The drift of threshold voltage creates the decline in

output high level, the slight increase in output low level, the significant reduction in peak-peak value, and the increase of transmission

delay. When the total dose accumulates and reaches a certain amount of dose, the logic mutation error emerges, resulting in the failure

of shutdown function. There is a certain correlation between the transmission delay, the output high and the logic error.

Keywords: partial-depletion-silicon-on insulator, static random access memory, total-dose effects, power supply
current

PACS: 61.82.FK, 61.80.Ed, 85.30.Tv, 07.85.–m
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