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ÄuÜ©Ñ¦.ý��þ7 (SOI) ì��U�(�, l>ÖæÈÅn�>|Ï�\Ã,�UõËì^�e�

» Si/SiO2 .¡�>|©Ù, ò��N7á�zÔ (MOS) ì�Ú²�>N�.�(Ü, ïá
�» ��.. ��y

�., |^Ü7�({ò�»ÚÑ\K �, é NMOS Ú PMOS ?1ËìÁ�, �Ñ: NMOS �»�KØ, ��Ø�

»�Aéì�5U�K�, Uõì��c» I-V A5;  PMOS �»�KØ, K¬¦ì��c» I-V 5U�z. Ï

d, 3|^�» �EâUõ SOI/NMOS ì�5U�Ó�, �I��Ä�» �é PMOS �K�, ò¥À� �>

Ø. TïÄ(J�Ëì^�eÜ©Ñ¦. SOI/MOS ì��»�A�UõJø
�O\��Y, ���Ê?8¤>

´�OÚ�EJø
nØ|±.
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1 Ú ó

�N7Eâ�', ý��NX7 (SOI) Eâä

k$õÑ!p8¤Ý!�Ý¯�`:, Ó�3|ü

âf�A!|]�ËìÚ|¥fËì�¡äkÕ

A�`³. Ïd, SOI Eâ�¤�ì�Ú>´3Ê

U!Ê�!ØU�+�kX2��A^, �®²m

Ð
éõ�'ïÄ [1−4]. �du SOI ì�¥î�

z���3, ¦�oJþËì^�eÑyì�5U

�òz, K�>´�õU. ± �ïÄy², SOI ì

�3oJþËìe�5UòzÌ�´du SOI ì

�¥�î�z�É�>lËì�, 3�» Si/SiO2

.¡?æÈ
éõ>Ö, lÚå�»K�>Ø

¤£!���¦>, ¦�c»Ô�é������

^ [5−9]. 3®mÐ�ïÄ¥, ®²²(
>ÖæÈ

�Ån, ¿�ÑTÅnÉ��m!JþÇ!>|�

Ï��K� [10,11]. 3± �ïÄ¥, ïÄ<
Ñ

ò SOI ì���»?u2�G�, ïÄì���»

3oJþËì^�e�5U. oJþËì^�e,

�» �éì�3�» Si/SiO2 .¡?>ÖæÈÅ

n�K�ÿ�²(.

�©ÄuÜ©Ñ¦. SOI/MOS ì��U�(

�, l>ÖæÈÅn�>|Ï�\Ã, ò MOS ì�

>N�.Ú²�>N�.�(Ü, |^Ü7�({

ò�»ÚÑ\ �, éÑUõ�» Si/SiO2 .¡?

>|©Ù�å». ¿ò�.ÚÁ�(J�'�, ?

ïÄ3oJþËì^�e�» �é SOI �»
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�A�K�.

2 Ëì�A9�» ��.©Û

2.1 ËËËììì���AAA©©©ÛÛÛ

Ü©Ñ¦. SOI/MOS ì��p�¿¡Xã 1

¤«. ã 1 ¥ VG �»?>Ø, tox �»�z�þÝ,

tSi�ý��þ7�þÝ, tbox�î�z�þÝ, tsub

��»þÝ, VSUB ��3�»þ�>Ø. 3oJþ

Ëì^�e, î�z�Ú7�±9»�z�Ú7�

� Si/SiO2 .¡ SiO2 �ý, ¬Ñy�>ÖæÈ. X

ã 1 ¥ Nbox L�3oJþËì^�e, î�z�

Ú7� Si/SiO2 .¡æÈ�>Ö�êþ, Ng L�3

oJþ^�e, »�z�Ú7� Si/SiO2 .¡æÈ

�>Ö�êþ. �´du�>Ö�æÈ, ��/¦

àk¦>6��). �k��zÔþÝ�u 2×h1

(6 nm) � (h1 ��ãþ§, 3Tþ§S�>fÚ�

Çé�±��EÜ), â*	Ø�kwÍÀ��ÇÐ

¼ [12]. ¤±, 38có²^�e, ¦>Ì�3�»

î�z�þ/¤, 3c»�z�e�¦>�±�

Ñ.

ã 1 SOI/NMOS ì��p�¿¡ã

Ü©Ñ¦. SOI/NMOS ì�U�Xã 2 ¤

« (»4��>Ø, �»2�; Ec ����U?,

EFi �¤�U?, EV �d�U?). 3Ëì^�e,

�z��7�.¡/¤��>ÖæÈ´É��

z��²Ú.¡�²K�/¤. �pUâfñ

Â SiO2 �, >lÑéõ>f-�Çé, 3>|��^

e, éõ>f¯�/¤£�c»½�», �Çò

� Si/SiO2 .¡ SiO2 �ý��. 3�C Si/SiO2 .

¡?kéõdu*Ñ3e���f�� 9¬�

���, ù
�:Ú"�B¤��Ç��²¥%.

�>l��Ç��� Si/SiO2 .¡NC��z��

²Ð¼, /¤
�>Ö�æÈ (ÙL§Xã 2 ¥ a ¤

«). .¡�²��3´du3.¡?�U��

¤Úå�. 3 SOI/NMOS ì�¥, 73.¡?�¤

�U?$u�²�U?, d�, �²ò “�u” >f

�7, �²��KC��>Ö, æÈu Si/SiO2 .

¡ SiO2 �ý (ÙL§Xã 2 ¥ b ¤«). du�z�

�²Ú.¡�²�K�, �ª3 Si/SiO2 .¡ SiO2

�ý/¤�>Ö�æÈ, K�
 SOI/NMOS ì��

5U.

ã 2 Ü©Ñ¦. SOI/NMOS ì�»4�� ØU�ã

éu SOI/PMOS ì�ó, d�z��²/¤

�.¡�>ÖæÈ�A�,�3. �3.¡?, 7

�¤�U?pu�²�U?, d�, �² “�É” 5

g7�>f, .¡�²¥yK>ÖæÈ. �ª, �z

��²��>ÖæÈ�.¡�²�K>ÖæÈ�

A�-�, LyÑ SOI/PMOS 3Ëì^�e�5U

Ä�ØÉK�. ¤±,·�ò± SOI/NMOS ì��

�Ì�ïÄé�.

2.2 ���»»»   ������UUU���©©©ÛÛÛ

du�z��²�.¡�²�>ÖæÈÑ�

6u>|��^ [13,14], lã 2 �U�(���,�

~� SOI î�z�.¡�>ÖæÈ����»

¦>, Ó�~�d>|é�>ÖæÈE¤�K�,

3�»	\��>| ∆E′, ±-�dËìÚå��

»?>|Cz, �±�» Si/SiO2 .¡?>|©Ù,

~�oJþËì^�e>Ö�æÈ, ?Uõì�

�5U. Ü©Ñ¦. SOI/NMOS ì�c»��>

Ø!�»�K>Ø��U�ãXã 3 ¤«.
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ã 3 Ü©Ñ¦. SOI/NMOS ì��»�K>ØU�ã

�âÜ©Ñ¦. SOI/NMOS ì�Ëì�A©

Û, ·�|^	\�>| ∆E′ UCî�z��>

|©Ù, l³��Ç� Si/SiO2 .¡ SiO2 �ý�

�, ~��>Ö��²Ð¼�êþ, ?~��>

Ö3 Si/SiO2 .¡�æÈ (Xã 3 ¥ a L§). Ó�,

·��|^	\�>| ∆E′, �p73.¡?�¤

�U?, ~��² “�u” �>f, l~�.¡?

�>Ö�æÈ (Xã 3 ¥ b L§). Ø
þãü«³

�Ån	, 3�»?�K>Ø�¦��» MOS +

�K�>ØO\, l-�duËìÚå��»K

�>Ø ∆Vbg Cz�ì�c»5U�5�K�.

2.3 ���...���ïïïááá

���	\>| ∆E′ ���, ·�ò SOI ì

�>N�.Ú²�>N�.�(Ü, ì���>N

�.Xã 4 ¤«. Ù¥ VG Ú VSUB ©OL«\3»

4Ú�»�>Ø, Cox, Cb, Cbox, Csub ©OL«»

�z�!N«!î�z�Ú�»�>N. Ψfg Ú Ψbg

©OL«»�z�eÚî�z�þé/�>³.

ã 4 SOI ì���>N�.

± SOI/NMOS �»�z��ïÄé�, 3Ëì

ó�^�e, dËì¤Úå��»K�>ØCzþ

� [15]

∆Vbg = −qBot

κε0
tbox

[
1 − exp

(
−αtbox

ρD

ωBot

)]
,

(1)

Ù¥, D�ËìoJþ, ρ/ω L«zü ËìJþ�

)�>f-�Çéê8, � 7.6×1012 rad−1 (1 rad =

10−2 Gy), κ = 3.9, ε0 = 8.85×10−14 F/cm, tbox�î

�z�þÝ (Xã 1 ¤«), Bot ��Ú�>Ö�Ý,

α��Ç�Ð¼Ç. d�»K�>ØCzÚå�î

��>ÖCzþ�

∆Q = −qBot

[
1 − exp

(
−αtbox

ρD

ωBot

)]
. (2)

∆Vbg � ∆Q �'X�

∆Vbg =
tbox

κε0
∆Q. (3)

3Ëì^�e, du�z��²Ú.¡�²Ú

å��>ÖæÈ, l���»K�>Ø�Cz,

Ψbg Ó��u)UC. du�z��²�.¡�²

�>ÖæÈÑ�6u>|��^, ∆Vbg Úå�î

��>|Czþ ∆E �

∆E =
∆Vbg

tbox
. (4)

�~�>|l~��>ÖæÈ�/¤, 3�

»à� �, ±-�dËìÚå� ∆E Czéì

�î�z�S�z��²�.¡�²�K�, �

± Ψbg ØC. �\>Ø VSUB ���

VSUB =
∆E′

tbox
, (5)

Ù¥, ∆E′ � ∆E ����, �����.  VSUB

� U é c » K � > Ø k K �, � â ² � > N �

n (b� VSUB a)Ñ�>ÖÑ8¥u�» Si/SiO2

.¡ Si �ý�²¡S), ∆VG�

∆VG = −VSUBCz

Ceq
, (6)

Ù ¥ Cz = (1/Csub + 1/Cbox)−1, Ceq = (1/Cb +

1/Cox)−1.

�â±þ�., �éËìoJþÚå� ∆Vbg,

·�3 NMOS ì��»��A� �, ±*	ì�

5U�Cz.
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3 ËìÁ�

·�|^Ü7�(Eâ, ò SOI �»ÚÑ, 3

oJþËì�¸¥, é 0.6 µm Ü©Ñ¦. NMOS

ì�?15UÿÁ. ì��ãæ^ H /»(�,

W/L = 15/0.6, ì � ¡ È� 124.8 µm2, tbox =

375 nm, tSi = 205 nm, tox = 12 nm, tsub = 625 µm.

ËìÁ�æ^ 60Co-γ ����Ëì, Á�Jþ

Ç� 10.41 rad (Si)/s. 3�»�� ��^�e,

NMOS ì�ËìA5Xã 5 Úã 6 ¤«. ã 5 ¤«

� NMOS ì�3oJþËì^�e, �\ ��

�» I-V A5�. lã 5 ¥�±wÑ, �XËì

Jþ�O\, NMOS ì��»K�>Ø�K��¤

£, ��K�ì��c»A5. ã 6 ¤«��éA

� NMOS ì�3oJþËì^�e�c» I-V A

5�. �XËìoJþ�O\, ì�'ä��¦

>6O\, ù
¦>6´dËì^�e3�»î�

z�¥>ÖæÈ/¤�. �¦>6�ËìoJþO

\��½��, c»ò��Ô�éì����õU.

ã 5 Ëìe NMOS �»�\ ���» I-V A5�

ã 6 Ëìe NMOS �»�\ ��c» I-V A5�

�âã 5 ¥¤«, 3 2×105 rad (Si) Ëì^�

e, NMOS ì��»K�>Ø¤£�� 20 V, �

\ (5) ª�� VSUB = –20 V.  Csub = 0.02 fF,

Cbox = 11.5 fF, Cb = 13.64 fF, Cox = 7.8 fF, �\ (6)

ª�� ∆VG = 0.08 V.·�ò�»� –20 V �>Ø

 �, ÿþì�c»�5UCz, (JXã 7 ¤«.

ã 7 Ëìe NMOS �»\ ��c» I-V A5�

Xã 7 ¤«, ì�3É� 2×105 rad (Si) Ëì

�c, c»� I-V �CzØ�, �oËìJþ�

u 2×105 rad (Si) ��, ì�c» “'” �¦>6â

m©O\. 3 2×105 rad (Si) Ëì^�e, �»\K

>Øòc» “'” ¦>6`z
n�êþ?±þ.

òã 6 Úã 7 (J�',·��±�Ñ: �âïá

��» ��., 3Ëì^�e, �é NMOS ØÓ

�»K��¤£þ, 3ì��Ü� Ø, �±Uõ

ì�c»� I-V 5U. 3ã 7 ¥, �Ü\K>Ø²

w~�
ì�3 “'” �e�¦>6, 3Ëì^�

e�±
ì�c»é�����å. ¿��éÜ©

Ñ¦. SOI ó² NMOS ì�, �Ü�K>Øéì

�c»K�>Ø�K�Ø�. ÏLé NMOS ì��

Á�, y²
#�.�¢^5.

�âc¡©Û, éu©áì�ó, Ü©Ñ¦

. SOI/PMOS +É�»�A�K�é�, �â�.,

�I�ò�»�/=�. �´3¢SA^¥, NMOS

  � PMOS �^���». ¤±,��y NMOS

ì��»¤�KØé PMOS +�K�, 3Ó�Á

�^�e, ·�é PMOS +2g?1
ËìÁ�.

PMOS +�»� –20 V >Ø^�e�c»5UX

ã 8 ¤«. lã 8 ¥wÑ, 3�»�\ ���¹

e, PMOS +�c»A5�ËìJþO\�CzØ

�. �»\K>Ø�, c»�¦>6O\, ��X
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ËìJþ�O\, ¦>6O�. lÁ�(JwÑ: �

» ��.�·^u©áì���»�A, �Ó�

�^u NMOS Ú PMOS ì��»�, I��ÄK

Øé PMOS ì��5�K�, ò¥À� �>Ø.

ã 8 PMOS c» I-V A5�

4 ? Ø

�âÜ©Ñ¦. SOI/NMOS ì�Ëì�Á�

(J,·�@�:	\>| ∆E′ �±UCî�z�

�k�>|©Ù, ³��Ç� Si/SiO2 .¡ SiO2 �

ý��, ~��>Ö��²Ð¼�êþ, ?~�

�>Ö3 Si/SiO2 .¡�æÈ (Xã 8 ¥ a L§).

Ó�, U�p73.¡?�¤�U?, ~��² “�

u” �>f, l~�.¡?�>Ö�æÈ (Xã 8

¥ b L§). 	\>| ∆E′ �¦��» MOS +�

K�>ØO\, -�
duËìÚå��»K�

>Ø ∆Vbg Cz�ì�c»5U�5�K�. �l

ã 7 ¥wÑ, �XËìoJþ�O\, ì�� ∆Vbg

��XO\, � ∆Vbg �u ∆E′ ¤éA�K>Ø

�, .¡?�>ÖæÈ�Aò#ÓâÌ�/ ,

E,¬éì�c»�5UE¤K�.

éu PMOS ì�ó, �z��²��>Öæ

È�.¡�²�K>ÖæÈ�A�-�. ¤±3�

»�� ���¹e, c» I-V A5Ä�ØC (X

ã 8 ¤«). �3�»\ –20 V >Ø�, ì��c

» I-V 5U×��z,·�@�: �»¤��K>

Ø®²�� PMOS ì���»mé, �»>6K

�
c»>Øé�����, ��c» I-V 5U�

z. 3�»�K>Ø��¹e, �XËìJþ�

O\, ì�c»A5ò?�Ú�z. �âËìÅn,

duK>Ø¤�)>| ∆E′ ��3, ³�
�Ç

� Si/SiO2 .¡ SiO2 �ý��, ~�
�>Ö��

²Ð¼�êþ, ?~�
�>Ö3 Si/SiO2 .¡

�æÈ. �´, >| ∆E′ %?�Ú�p
73.¡

?�¤�U?, �² “Éu” 5g7�>f, .¡�

²¥yK>ÖæÈ, l?�Úü$
 PMOS +�

»�K�>Ø, LyÑì�c»¦>6?�ÚO\.

'� NMOS +Ú PMOS +�»\ ��Ëì

Á��(J�Ñ: �»�K>Øé NMOS +ó,

�±�Ø3Ëì^�e�»�Aéì�5U�K

�, Uõì��c» I-V A5. é PMOS +ó,

�»\K>ØK¦ì��c» I-V 5U�z. dd

��,·�#ï��.�·^u©áì���»�

A, �Ó��^u NMOS Ú PMOS ì��»�, I

��ÄKØé PMOS ì��5�K�, ò¥À� 

�>Ø.

5 ( Ø

éu NMOS +ó, �»�\ ��ì�du

oJþ�A�K�, �»K�>Ø¤£î, ��

ì�/¦�m�¦>. �¦>6�ËìoJþO

\��½��, c»ò��Ô�éì����õU.

3�»\K>Ø�, ì�c»� “'” �¦>6

�`z
n�êþ?±þ, �±
ì�c»�5U.

du�»\K>Ø, �î�z�	\
�� ∆E′

�>|, 3�½§Ýþ³�
�>Ö3�» Si/SiO2

.¡�æÈ, l~�
�»�A���¦>. ¿

�, �»�K>Ø3Uõ
Ëì^�eì�5U�

Ó�, éc»K�>ØK���. éu PMOS +

ó, �»\K>Ø¬�zì��c» I-V 5U,

¿��XËìJþ�O\, c»5U¬?�Ú�z.

dd��,·�#ï��.�·^u©áì���

»�A, �Ó��^u NMOS Ú PMOS ì��»

�, I��ÄKØé PMOS ì��5�K�, ò¥

À� �>Ø.

�©� ( Ø Ø ��Ë ì ^ � e Ü © Ñ ¦

. SOI/MOS ì��»�A�UõJø
�O\

��Y, ���Ê?8¤>´�OÚ�EJø
n

Ø|±.
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Back-gate bias effect on partially depleted SOI/MOS
back-gate performances under radiation condition∗
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Abstract

According to the partially depleted SOI/MOS device’s band gap, starting with the electric field, which is a factor of back-gate

charge stack, we combine SOI device capacitance model and flat capacitance model for finding the way to keep electric field at the

interface of Si/SiO2, and build a back-gate bias model. For validating the new model, we use alloy-agglomeration at the back gate.

After radiation experiments, we compare the results of back-gate effect on NMOS with those on PMOS. It is concluded that as far as

NMOS is concerned, negative voltage at back-gate can eliminate the back-gate effect which influence the performance of device, and

improves the performance of front-gate. However negative voltage at back-gate makes the performance of PMOS worse. Therefore,

when we use the back-gate bias to improve the performance of device, we must consider the performances of NMOS and PMOS and

compromise the choice of the voltage which is applied to the back-gate. This research supplies not only a design scheme for hardening

back-gate effect of SOI devices under radiation condition, but also a support in theory for integrated circuit design and manufacture,

which is used in space.

Keywords: silicon on insulation, total dose effect, back-gate effect, back-gate bias
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