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�©JÑ
��#.� SOI î�(� SOANN (silicon on aluminum nitride with nothing), ^ AlN �ODÚ
� SiO2 á�, ¿3 SOI î�z�¥Ú\�ÉÑ9Ï�. ©Û
#(� SOI ì��g\9�A. ïÄ(JL²:

^ AlN �� SOI î�z��á�, ü$
¬�§Ý, k�³�
g\9�A. î�z�¥��É, �±?�ÚJøÑ
9Ï�, ¦î�z��0>~êeü, ~�
>å�l¦àÏLî��
à�ÍÜ, k�³�
¦�³^ü$ DIBL

(drain Induced barrier lowering) �A. Ïd, �©JÑ�#. SOANN (��±Jp SOI ì���N5U, äk`û
���5.

'�c: g\9�A, ¦�³^ü$, AlN, �É

PACS: 73.40.Ei, 73.40.Ty, 73.61.Ng

1 Ú ó

SOI (silicon on insulator) Eâ���«�0�
�lEâ, ±ÙÕA�(�k�/�Ñ
N7á�
�Øv, ¿©u�
78¤>´Eâ�då, �Å
ì¤��Ep�!$õÑ!p8¤ÝÚp���
�5�8¤>´�Ì6Eâ [1,2]. �´~5� SOI
(�´± SiO2 á���ý�î�z�, Ù9�Ç
'�$, Úå
�
Ø|�K�, AO´g\9�
A��)�~î­ [3−7]. d	, �X8¤Ý�Øä
Jp, ì��A�º�Øä~�, ¦à�þ>å�
ÏLî�z�Bß�
à, ü$

à³^. ù

�AE¤
��>6eü!ª�ÆC!16f�
K�©[£Ç�, ¦é SOI ì�î�z��ïÄ¤
���½��I�. AlN[8] ³/Ù`É�á�5U,
¤�O� SiO2 �� SOI î�z�á��9�ÀJ.
L 1 �Ñ
 Si, SiO2, AlN 3 300 K ���
­�
�Ôn5�.

lL 1 ¥�±wÑ, Ó���ý�Ô�� AlN
Ú SiO2, üöÑkép�>{ÇÚÂB|r, �

L 1 Si, SiO2, AlN ­�Ônëê (T = 300 K)

Si SiO2 AlN

9�Ç/(W/m◦C) 150 1.4 150—200

9)äXê/(10−6/◦C) 2.6 0.5 4.4

ÂB|r/(106 V/cm) 0.2 13 14

B�°Ý/eV 1.12 9 6.2

0>~ê/MHz 11.9 3.9 8.9

>{Ç/Ω·cm > 103 > 1014 > 1013

ò�Ç 3.5 1.46 2.15

´ AlN �9�Ç´ SiO2 � 100 õ�, Ó� AlN �
9)äXê�\�C Si á�. ¢Ã�´, AlN �0
>~êpu SiO2, � SOI ì��A¡º�Øä~
���ÿ, du�p�0>~ê, ¬k�þ�>å
�ÏL AlN î��
àÍÜ, ü$
à�³^p
Ý, l
¦ AlN î�ì�� DIBL �AO�. Ïd,
�©3 AlN î�¥Ú\0>~ê� 1 ��É, �
É��3Ø�U�Ð/³� DIBL �A, 
�3æ
K��Ç!m''!scaling-down Uå�¡, þN
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yÑ`uÊÏî�ì��A5. ÏLì��ýó
ä ISE[9], é#.ì��>A5Ú9A5?1
ä
N�©Û, ���(Jéì�(���Oäk�½
���¿Â.

2 g\9�A�nØ©Û

g\9�A´��>6¤�)�9þÚåì
�SÜ§Ý,p, ��ì�A5¤£�y�. g\
9�A�nØ©ÛÌ�ÏL©Û§Ý,pé�§
Ýk'�Ônþ�K�5�Nì�5U�Cz. �
�=�Ä·��¹e�g\9�A, éuêi>´,
m']�L§��éá, 
9�m~ê�é��,
g\9�AØ²w. �©JÑ�#. SOANN (�
¿¡ãÚAÛëêXã 1 ¤«. ã¥ tbox, tsi ©O
�î�z�Ú7��þÝ, L ����Ý, W �É
��Ý. N ����,ßÝ, 3�ý�L§¥, b�
�z�¥Ã,�>Ö, ���þ!�,.

ã 1 SOANN (�«¿ã

§Ý,pÌ�ÏL�9{�'�§,�.. 3
·��¹�e, éu�� SOI ì�, 37�¥9D
��¯. b� Tc 3ì�¥´þ!�, �ì��õÑ
¥�5'X, Ï~æ^�§,�.�L«� [10]

Tc = T0 + RthIDVds, (1)

Ù¥, Tc �ó�§Ý, T0 ��¸§Ý, Rth �9{,
�±L«�

Rth =
1

2A

(
tbox

koxksitsi

)1/2

, (2)

kox, ksi ©O��z�Ú7��9�Ç, tbox, tsi ©
O�î�z�Ú7��þÝ, A ���°Ý. (
Ü (1) Ú (2) ª�±wÑ, O�î�z��9�Ç,

�±k��~�ì��9{, l
ü$
 SOI ì�
d>6�5�g\9�A.

�§Ýk'�ÔnþÌ��)K�>Ø![
£Ç!�Ú�Ý�, Ù¥K�>Ø�Cz�N
§
Ýé��16fßÝ!B�°Ý��K�, �
U
��)Û�., ��æ^²�úª5�N§Ý�K
�. K�>Ø�§Ý�'X�L«� [10]

Vth = Vtht0 − h(Tc − T0), (3)

Ù¥ Vth Ú Vtht0 ©O´ Tc Ú T0 §ÝeéA�K
�>Ø, h �K�>Ø�§ÝXê. ïÄL², ù«
�5'X��� (Tc − T0) � 100 ◦C Ñk�p�°
(Ý. dd��, g\9�AE¤ì��§Ý,p,
¬K�ì��K�>Ø, ¦K�>Ø�)¤£, l

K�ì��­½5.

16f[£Ç�§Ý�'X�L«�

µn =
1

bTn
c Eγe

eff

≈ µne

(
1 +

TC − T0

Tµ

)
, (4)

Ù¥, Eeff �k�R�>|, b, n, γe þ�[Üëê,
�±l¿§¢�ÿÁ¥J���. þã[£Ç�
§Ý��5'X3§Ýþ,ÌÝ�u T0 �¤á,
3þãCq¥, Tµ ≈ T0/n, 
�b�§Ýé Eeff

�K��±�Ñ. Eeff �K�Ny3¿§[£Ç
µne ¥.

µne =
µn0

1 + θanch
, (5)

Ù¥ nch ���>f¡>Ö�Ý, µn0 Ú θ �±l
¢�êâ¥J�, a = q/Cox, Cox �ü ¡È�c
»>N.

�Ú�Ý�§Ý�'X� [11,12]

vsat =
2.4 × 107

1 + 0.8 × exp(Tc/600)
(cm/s), (6)

�´uy§Ýé�Ú�Ý�K�é�ª���(
JK�é�, ¤±Ø�Äù�'X.

l16f[£Ç�§Ý�'X, �±©Ûg\
9é��>6�K�, �â�C��Cq�., ¦

>6 Ids �L«�

Ids =
µCoxW

L

[
(Vgs − Vth)Vds −

1
2
V 2

ds

]
, (7)

Ù¥ µ ��.�16f[£Ç, Cox �»�z�>
N, W/L �ì��°�'. ì�ó���)���
9¬3k
«È\, ì�§Ý,p. �â (4) ª�±
wÑ16f[£ÇkK�§ÝXê, =��§Ýþ
,, [£ÇÒ¬eü. Ï�[£Ç�eü, l¦
>
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6� (7) ª¥�±wÑ, Ids 3�Ú«�¬eü. ¿
��¦
>Ø�,p, üÌ¬?�Ú\�, �)

©�©K{y�.

3 (J�?Ø

�
£ãg\9�A, éáÑt�§!>6ë
Y5�§Ú9²ï�§��¬�§Ý TL. � TL Ø
�~ê�, Ñt�§�

∇ · ε∇(ϕ − θ) = −q(p − n + N+
D − N−

A ), (8)

Ù¥ ϕ �¤�³, θ �á��U�(�ëê, L«�

θ = χ +
Eg

2q
+

KTL

2q
ln

(
NC

NV

)
, (9)

χ �á��>f�ÚU. >6�Ý�§�

∂n

∂t
=

1
q
∇ · Jn − Un, (10)

∂p

∂t
=

1
q
∇ · Jp − Up, (11)

Ù¥ Un, Up �>fÚ�Ç�EÜÇ, Jn Ú Jp �>
fÚ�Ç�>6�Ý. 9²ï�§�

ρc
∂TL

∂t
= H + ∇(K∇TL), (12)

ρ, c, K ©O´á���Ý, '9Ú9D�Ç, H ´
�)�9þ, H = JnEn + JpEp + Hu, Ù¥ Hu �
16f�)EÜ�5�¬�9þ.

� © Ï L � ý ^ � ISE é # ( � ? 1 

� [, Ù ¥ 
 ¦ « � , ß Ý � 1×1020 cm−3,
� � « � , ß Ý � 5×1017 cm−3, õ ¬ 7 » �
, ß Ý � 1×1020 cm−3, 
 ¦ * Ð « � , ß Ý
� 5×1018 cm−3, �.�,ßÝ� 1×1015 cm−3,
»�� 50 nm, »�z�þÝ� 5 nm, 7�þÝ
� 10 nm, (�Ú7�þÝ�Ó, î�z�þÝ
� 300 nm, ì��.�§Ý�½� 300 K.

ã 2 � Ñ 
 D Ú � SOI ( � Ú � © J Ñ
� SOANN (��§Ý©Ù. ã¥ X Ú Y ©O
�L SOI/SOANN ì��Y²ÚR�º�, �.§
Ý� 300 K, »ØÚ¦Ø©O� 3 V Ú 5 V. �±w
Ñ SOI ì���p§Ý��
 520 K, 
 SOANN
ì���p§Ý�k 320 K, SOI ì����§Ý
��pu SOANN ì�. L² SOANN ì��±k
�/º���>6�)�9þ. Ì��Ï´ AlN �
p9�ÇÚî�z�¥��ÉJø�Ñ9Ï�.

ã 2 ì����§Ý©Ùã (a) ~5� SOI (�; (b) #
. SOANN (�

ã 3 �Ñ
 SOI/SOANN ì���>f�[£
Ç©Ù, lã¥�±wÑ, SOI ì��>f[£Ç
²w$u SOANN ì�, g\9�A��3¦ì�
�)�þ9þ, DÚ SOI � SiO2 î�9�Ç�$,
9þ3��æÈ, ¦ì�§Ý,p, 16f[£Ç
eü, 
æ^ AlN ��ì�î�, Ï�9�Ç�J
p, ¦���9þ�±ÏLî�º�, Ïd16f
[£Ç�±�p�ê�. (4) ª�±éÐ/)º�
[(J.

ì��ÑÑ>6���16f[£Çk��
'X, [£Ç�eüÓ���
ì�ÑÑA5�U
C. ã 4 �Ñ
 SOI/SOAAN ì��ÑÑA5. ã¥
�»>Ø��� 1 V, 2 V, 3 V, 4 V, ¦à>Øl 0 V
×£� 5 V.

lã¥�±wÑ, �»ØO\� 2 V ��ÿ, D
Ú SOI ì���Ú>6m©ÑyK�©ª� [13,14],
= dIds/dVds < 0 ¿��X»Ø�O\, K�©ª
�y��\²w, Ó�, ì��Ú«�>6���
�²w$u SOANN ì�. ùÌ�´g\9�AÚ
åì�§Ýþ,, 16f[£Ç�X§Ý�þ,
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eü, ��>6eü. �´æ^ AlN î��ì
� SOANN vkÑy¦>6eüÚK�©ª�y
�, =¦�»Ø�� 4 V �, ì��>6�vkÑ
yòz.

ã 3 SOI/SOANN ��>f[£Ç©Ù

ã 4 ì � Ñ Ñ A 5 ­ � ã (a) ~ 5 � SOI ( �; (b) #
. SOANN (�

�©JÑ�#. SOANN (�Ø=U
éÐ
�³�g\9�A, Ó�éá���A�k²w�

Uõ. ã 5 �Ñ
 SOI/SOANN ì���¦>6Ú
æK��Ç����Ý�Cz. lã¥�±wÑ,
�©JÑ�#. SOANN ì��DÚ SOI ì��
', du�Ð�³�
 DIBL �A, ì��¦>6ü
$, »��UåOr, æK��Ç~�, 
��X�
��Ý�~�ù«`³�\²w.

ã 5 SOI/SOANN ì��¦>6ÚæK�Ç©Ù

ã 6 � Ñ 
 SOI/SOANN ì � � K � > Ø
Ú DIBL �A����Ý�Cz, du AlN î�¥
�É��3, ~�

¦m�ÍÜ, ü$
 DIBL �
A, ¤±�X���Ý�~�, SOI ì��K�>Ø
¥yÑ
�¯�eüª³, 
�©JÑ� SOANN
ì�~�
K�>Ø�¤£. ã¥ DIBL �O�
úª� [15]

DIBL =
Vth|Vds=0.05 V − Vth|Vds=1 V

Vds(= 1 V) − Vds(= 0.05 V)
. (13)

dO�(J�±²w�wÑ, SOANN ì��Ð�
³�
 DIBL �A.

ã 6 SOI/SOANN ì�K�>ØÚ DIBL ©Ù

d	, AlN î�¥�É�º�éì��5Uk
�½�K�. ã 7 �Ñ
K�>Ø��É�Ý�C
z, éu��ì� (tsi = 10 nm), �É�Ý���C
zî­K�Wì�K�>Ø�­½. Ï�ì��7
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���, î��ì�L¡ål�C, �Éî�¬K
���«>|Ú>³�©Ù. Ïd, �É���C
z¬ÚåK�>Ø�²wUC.

ã 7 �É�Ýéì�K�>Ø�K�

4 ( Ø

� © J Ñ 
 � « # . � SOI î � ( �, æ
^ AlN á��ODÚ� SiO2, ¿3î�z�¥
mé�É, ÏLUCî�z��9�Ç~�g\9
y�, Ó��É��3�±éÐ�³� DIBL �A.
©Û
#. SOANN ì��>A5Ú9A5, (J
L²: �'u SiO2,AlN á��9�Ç�~p, l

~�
î��9{, ¦ì��§Ýü$
�� 40%.
Ïdì����16f[£Ç�p, ���Ú>6
��. �É���3, ~�

¦m�ÍÜ, ~�

ì��á���A, X DIBL, ü$
ì���¦>
6, ��
�$�æK��Ç. ÏLUC�É�Ý
uy, éu��ì�, �É���éì��5Uk
���K�.
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Abstract

In this paper, we present a new silicon-on-insulator (SOI) buried oxide structure, i.e., silicon on aluminum nitride with nothing

(SOANN). In the novel structure, the traditional SiO2 is replaced by A1N, and gas cavity is constructed in the SOI buried oxide. The

self-heating effect of novel SOI device is analyzed. The result shows that using A1N as a buried oxide, the temperature of lattice and

the effectively restrained self-heating effect can decrease. In addition, the gas cavity in the buried oxide can provide a heat emission

passage and reduce the dielectric constant. The coupling effect of electric field lines from drain to source is weakened, and the drain

induced barrier lowering effects is effectively restrained. Therefore, this new SOANN structure can improve the performance of the

SOI devices, and provide high reliability as well.
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