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�
?�ÚJp�º�7á�zÔ��N (MOSFET) �5U, 3AC7ì��Ä:þ, JÑ
�«#.�É�
» MOSFET ì�(�. ÏL¦)�� Poisson �§, (ÜAC7Eâ�Ôn�n, ïá
L¡³!L¡>|±9K
�>Ø�Ôn�., ïÄ
»7á�Ý!õ¼ê±9V¶ACéÙ�K�. ÏL�ý^� ISE TCAD ?1�[�ý,

�.O��ê��[�(JÄ�ÎÜ. ïÄL²µ�DÚì��', �©JÑ�É�»AC7#ì�(��16f
Ñ$�Ç?�ÚJp, �±éÐ/³��º�ì��á���A!¦4aA³^ü$�AÚ916f�A, ¦ì�
5U��
é��J,.

'�c: AC7, É�», K�>Ø, )Û�.

PACS: 71.23.An, 71.70.Fk

1 Ú ó

pÖ7á�zÔ��N (CMOS) Eâ®²?
\B���, ��~5�U'~ �5Æ¦B�ì
�Ú8¤>´�5U®²¼�
é��J,. �
´�Xì�º��?�Ú �, 8c®²Ä��
CÙÔn4�, á���A (short channel effect, {
P� SCE)!916f�A (hot carrier effect, {P
� HCE) �®²¤�����5�8¤>´5UJ
p�Ì�K�Ï� [1,2]; d	, XÛJpì��16
fÑ$�Ç�´½�I�)û�¯K, ùÒI�é
ì�(�?1`z�O. ý��þ���AC7ì
� (strained Si directly on insulator, {P� SSDOI)

´�«#.AC��ì� [3], ù«(�Ø
�±�
�N��Nì�ÚAC7ì��A5	, ��±¼
���� Si/SiGe �.¡"�. XJ3AC7Eâ
�Ä:þ, Ú\É�» (HMG) (� [4,5], �±?�
ÚJ,DÚì��5U. É�»´dü«»>4á
��õ¼êØÓ, 3��¥�)�F>³. �DÚ
�ì��', É�»(�ÏLUC��L¡�>³
Ú>|©Ù, ¦à�>|Jp, Jp16f?\

���5\�Ý, Ó��±k�ü$¦à�>|,

³�916f�A. É�»��±³�¦à>ØÚ
å���>³Cz, ~�
á���A. �©JÑ

#.�AC7ì�(�, ïá
#ì����L

ã 1 �© HMG SSDOI (�«¿ã

¡³ÚK�>Ø�Ôn�., ,dïÄ
AC Si É
�»e��S�L¡³!>|!16f�Ý�C
z, ©Û
�©JÑ�#.É�»AC77á�z
Ô��N (SSDOI MOSFET) �>ÆA5, ¿���
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ê�©Û�(J?1
é', �y
¤ïá�.�
�(5.

2 ��>³�.

ã 1 �Ñ
#. HMG SSDOI ì�(��«
¿ã, »4æ^ü«ØÓõ¼ê�á�. �Cà
�7á»»�� L1, õ¼ê� W1; �C¦à�7
á»»�� L2, õ¼ê� W2. éu7á�zÔ�
�N (NMOS) ì�, W1 �u W2, �Cà�K�
>Øpu¦à. �Ä÷����î�>|�K�,

ïá��L¡³��..

AC Si �¥��� Poisson �§X (1) ª¤«:
d2φ(x, y)

dx2
+

d2φ(x, y)
dy2

=
qNA

εSi
, 0 6 x 6 L, 0 6 y 6 tSi,

(1)

Ù¥, φ(x, y) ´AC7�¥�>³©Ù, NA ´AC
7���,, εSi ´AC7�0>~ê, L = L1 + L2

´����Ý, tSi ´AC7��þÝ.

��¦à>Ø���, ÷ y �� (p�) �>³
©Ù�±^{ü��Ô�¼ê£ã [6], X (2) ª¤
«:

φj(x, y) = φSj(x) + Cj1(x)y + Cj2(x)y2,

0 6 x 6 L,0 6 y 6 tSi, j = 1, 2, (2)

ª¥ j � 1 L«7á» s-gate e���>³, j

� 2 L«7á» d-gate e���>³, φSj(x) ´A
C Si �¥÷AC Si Ú»�z�.¡�>³, Cj1(x)

Ú Cj2(x) ´�� x k'�¼ê.

�â> £¥þëY�n, 3AC7�þL¡
÷v>.^�

dφ1(x, y)
dy

∣∣∣∣
y=0

=
εox

εSi

(
φS1(x) − V ′

GS1

tox

)
, (3)

dφ2(x, y)
dy

∣∣∣∣
y=0

=
εox

εSi

(
φS2(x) − V ′

GS2

tox

)
, (4)

3AC7�eL¡÷v>.^�
dφ1(x, y)

dy

∣∣∣∣
y=tSi

=
εox

εSi

(
V ′

sub − φB(x)
tbox

)
, (5)

dφ2(x, y)
dy

∣∣∣∣
y=tSi

=
εox

εSi

(
V ′

sub − φB(x)
tbox

)
, (6)

3þã>.^�¥, εox, εSi ©O��z�ÚAC
7��0>~ê, tox, tbox ©O�»�z�Úî
�z�þÝ, V ′

GSj = VGS − (VFBf,j)S−Si, V ′
sub =

Vsub − (VFBb)S−Si, VGS, Vsub ©O�c»Ú�.

�>Ø, φB(x) ´�.¡�L¡³, (VFBf,j)S−Si,

(VFBb)S−Si ©O�c»Ú�.�²�>Ø. duc
»dü«7á»|¤, Ïdü�7á»e�²�>
ØI�©OO�.

(VFBf,1)S−Si = φms1 − φS−Si,

(VFBf,2)S−Si = φms2 − φS−Si, (7)

φms1, φms2 ©O´ s-gate 7á»Ú d-gate 7á»�
õ¼ê, φS−Si �AC7�õ¼ê. Ï�ÐÏAC7
�3 SiGe �þ)��, É�V¶Aå��^, Si á
��U�(�u)UC, AC7��²�>ØI�
é Si �²�>Ø?1?�. 5¿�AC¦ Si �>
f�ÚU!B�°ÝÚ16fk��þ~�, AC
7¥ Ge |©�CzXe [6−9]:

(∆EC)S−Si = 0.57X, (8)

(∆Eg)S−Si = 0.4X, (9)

VTln
(

NV,Si

NV,S−Si

)
= VTln

(
m∗

h,Si

m∗
h,S−Si

)3/2

= 0.075X,

(10)

úª (8)—(10) ¥� X L« SiGe á�¥ Ge ���
|©. dd, Si �õ¼ê²L?��±��AC7
�õ¼ê.

φS−Si = φSi − ∆VFB, (11)

φSi = χSi/q + Eg−Si/2q + φF−Si, (12)

∆VFB,f =
−(∆EC)S−Si

q
+

(∆Eg)S−Si

q

−VTln
(

NV,Si

NV,S−Si

)
, (13)

φF−Si = VTln(
NA

ni,Si
) (14)

Ù¥, χSi �N7á��>f�ÚU, Eg−Si �N
7á��B�°Ý, φF−Si �N7á�� Fermi ³,

ni,Si �N7á����16fßÝ.

d>.^� (3)—(14) ª�±�� C11, C12,

C21, C22, ò¦Ñ�Xê�\� (2) ª¥, - y=0, �
�µ

d2φS1(x)
dx2

− αφS1(x) = β1, (15)

d2φS2(x)
dx2

− αφS2(x) = β2, (16)

Ù¥,

α =
2(CboxCSi + CoxCbox + CoxCSi)

t2Si(CSiCbox + 2C2
Si)

, (17)
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β1 =
qNA

εSi
− 2V ′

sub

Cbox

t2
Si

(Cbox + 2CSi)

−2V ′
GS1

CoxCbox + CSiCbox

t2
Si

CSi(Cbox + 2CSi)
, (18)

β2 =
qNA

εSi
− 2V ′

sub

Cbox

t2
Si

(Cbox + 2CSi)

−2V ′
GS2

CoxCbox + CSiCbox

t2
Si

CSi(Cbox + 2CSi)
. (19)

(17)—(19) ª ¥, Cox = εox/tox, Cbox =
εbox/tbox

, CSi = εSi/tSi
© O ´ » � z � > N !

î�z�>NÚAC7�>N. (15) Ú (16) ª��
�~Xê�àg�5�©�§, Ù)Xeµ

φS1 = A1exp(λx) + B1exp(−λx)− σ1, 0 < x 6 L1,

(20)

φS2 = A2exp[λ(x − L1)] + B2exp[−λ(x − L1)] − σ2,

L1 6 x < L2, (21)

Ù¥, λ =
√

α, σ1 = β1/α, σ2 = β2/α. ¦!«>³
±9��S7á»�.?>³Ú>ÏþëY^�
X (22)—(25) ª¤«.

φ1(0, 0) = φS1(0) = Vbi,S−Si, (22)

φ2(L, 0) = φS2(L) = Vbi,S−Si + VDS, (23)

φ1(L1, 0) = φ2(L1, 0), (24)

dφS1(x, y)
dx

∣∣∣∣x=L1 =
dφS2(x, y)

dx

∣∣∣∣x=L1 , (25)

Ù¥, VDS �¦à>Ø, Vbi,S−Si �àÚAC7�
�m�Sï>³. duAC¦ Si �U�u)
C
z, òAC Si �Sï>³�?17�?�, L«�

Vbi,Si =
Eg,Si

2q
+ φF,Si (26)

Sï>³�?���

∆(Vbi)SS =
−(∆Eg)S−Si

q
+ VTln

(
NV,Si

NV,SS

)
, (27)

Ïd, AC7�Sï>³�

Vbi,S−Si =
Eg,Si

2q
+ φF,Si −

(∆Eg)S−Si

q

+VTln
(

NV,Si

NV,SS

)
. (28)

(Ü>³Ú>ÏþëY^� (22)—(25) ª, é (20)

Ú (21) ª¦)��µ

A1 =
[(Vbi,S−Si + VDS + σ2) − (Vbi,S−Si + σ1)exp(−λL) + (σ2 − σ1)cosh(λL2)]

exp(λL) − exp(−λL)
, (29)

B1 =
[(Vbi,S−Si + σ1)exp(λL) − (Vbi,S−Si + VDS + σ2) − (σ2 − σ1)cosh(λL2)]

exp(λL) − exp(−λL)
, (30)

A2 =
[(Vbi,S−Si + VDS + σ2) − (Vbi,S−Si + σ1)exp(−λL) + (σ2 − σ1)cosh(λL2)]

exp(λL) − exp(−λL)
exp(λL1) −

σ2 − σ1

2
, (31)

B2 =
[(Vbi,S−Si + σ1)exp(λL) − (Vbi,S−Si + VDS + σ2) − (σ2 − σ1)cosh(λL2)]

exp(λL) − exp(−λL)
exp(−λL1) −

σ2 − σ1

2
. (32)

3É�»(�ì�¥, ��L¡³����

3 s-gate 7á»e.
dφS1(x)

dx
= 0, �±�� φS1(x)

����Ú��>³���� �, X (33) Ú (34)

ª¤«:

φS1,min(x) = 2
√

A1B1 − σ1, (33)

x =
1
2λ

ln
B1

A1
. (34)

�â���L¡³�L�ª, d E =
∣∣∣∣dφS1(x)

dx

∣∣∣∣ �

±����L¡�>|©Ù.

3 HMG SSDOI ì��K�>Ø�.

Ï�ü«7á»�õ¼êØÓ, s-gate �õ¼

ê W1 �u d-gate �õ¼ê W2, ¤±��L¡³
���: u s-gate »e, Xã 2 ¤«. T���
û½
�����K�>Ø Vth. K�>Ø½Â�
ì�r�., L¡Ñy�>���¤éA�»Ø,

= φS1,min(x) = 2φF,Si ��»Ø. d (33) ª�±�
�µ

φS1,min(x) = 2
√

A1B1 − σ1 = 2φF,Si, (35)

Vth = k

(
−b −

√
b2 − 4ac

2a

)
, (36)

Ù¥

a = 2cosh(λL) − 2 − sinh2(λL),

b = Vbi1(1 − exp(λL)) + 2(φF,Si − u)sinh2(λL)

−Vbi2(1 − exp(−λL)),
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c = Vbi1Vbi2 − (φF,Si − u)2sinh2(λL),

Vbi1 = Vbi,S−Si(1 − exp(−λL2)) + u(exp(−λL2)

−exp(λL2)) + v(cosh(λL2) − 1) + VDS,

Vbi2 = Vbi,S−Si(1 − exp(−λL2)) + u(exp(λL2)

−exp(−λL2)) + v(1 − cosh(λL2)) − VDS,

u =
V ′

sub

(1 + w)
− qND

εSiα
− (w)

(1 + w)
(VFBf,1)S−Si,

v =
V ′

sub

(1 + w)
− qND

εSiα
− w

(1 + w)
(VFBf,2)S−Si,

k =
1 + w

w
,

w =
Cox

Cbox
+

Cox

CSi
.

4 �.�y�©Û?Ø

�
�y�©ïá�#ì�(��.��(
5, ÏLê��[^�?1
©Û, ¿òïá��
.O�(J� ISE �ý�(J?1
'�. O�¥
�(�ëêXe: Ge ¹þ� X = 0.2, L1:L2 = 1:1,

�Cà�7á»õ¼ê W1 = 4.73 eV, �C¦à
�7á»õ¼ê W1 = 4.11 eV, ���Ý 100 nm,

»�z�þÝ 4 nm, 7�þÝ 20 nm, î�z�þ
Ý 300 nm, ��æ^$�, NA=1.0×1016 cm−3,

¦��,ßÝ NS,D=1.0×1020 cm−3, VGS=0.5 V,

VDS=1.1 V.

ã 2 � Ñ 
 HMG SSDOI Ú SMG (single-

material gate) SSDOI ÷�����L¡³©Ù. φS

´c»�AC7.¡�î�L¡³,x ´��S�
 �. lã 2 ¥�±wÑ, É�»ì�(�ÚDÚ
�ü»(� SMG �', É�»ì�(�3AC7
Ú»�z�.¡?, ÷�����>³Ï�ü�»
�õ¼êØÓ, �3�F©Ù. �Cà�7á»
õ¼ê�p, L¡³�$, ¤±ù�7á»e�L
¡³���û½
ì��K�>Ø.

ã 3 �Ñ
ØÓ¦à>ØÚØÓ L1/L2 '�e
�L¡³, �±wÑ, Ú\�F>³±�, �X¦Ø
�Cz, O\�¦ ØÄ�Ñü3¦àÚ d-gate 7
á»�m, d-gate »å�
¶-�^, ¦ s-gate »e
�L¡³Ä�ØÉ¦ Ø�K�. lØÓ� L1/L2

'��±wÑ, s-gate »�ÝC�, ��L¡³C�,

¿�³U��>³Op, s-gate »å�
���^.

ã 2 HMG SSDOI Ú SMG SSDOI ÷�����L¡³©Ù

ã 3 ØÓ¦à>Øe HMG SSDOI ÷�����L¡³

ã 4 HMG SSDOI Ú SMG SSDOI ÷�����>|©Ù

ã 4 � HMG SSDOI Ú SMG SSDOI ÷���
��>|©Ù. E ´c»�AC7.¡�î�>
|. du HMG SSDOI (��ì�3��¥Ú\

�F>³, HMG ì�Ú SMG ì��>|©Ù
k²wCz. HMG (�ì����>|3�C
à?k��¸�, >|pu SMG ì�. s-gate »�
õ¼êO�, ¦à>|¸�C�. �´3�C¦
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à?,HMG ì��>|$u SMG ì�. Ïd,HMG

SSDOI ì��±3ü$916f�A�Ó�Jp
16f�Ý.

ã 5 �Ñ
16f�Ý3��¥�©Ù. V ´
c».¡e 1 nm ?>f�Ý, �N7 SOI MOSFET

�', æ^ACEâ, SMG SSDOI �±Jp16f
�[£Ç, lJp
��S16f��Ú�Ý.

3 SMG SSDOI �Ä:þ, Ú\É�», UC��S
�Cà�>|©Ù, ¦16f�±±�p�Ð�
Ý?\��, �¯/���Ú�Ý, ÏdJp
ì
��°Ä>6!ª�Ú��ªÇ.

ã 5 HMG SSDOI, SMG SSDOI ÚN7 SOI ì����>f
�Ý©Ù

ã 6 HMG SSDOI Ú SMG SSDOI �K�>Ø�»��Cz

ã 6 Úã 7 ©O�Ñ
 HMG SSDOI Ú SMG

SSDOI ü«ØÓ�ì�(�K�>ØÚ¦4aA

³^ü$ (DIBL) ©O�X»��Cz.HMG ì�
�K�>Ø¤£�u SMG ì�, �¬Ñyaq
_á���A. 3 L1=90 nm �'�²w, K�>Ø
�»��~�Ø´üN~�, ¥m¬k�ãK�>
ØC�, ùÌ�´dupõ¼ê»¤Ó�'~O�
���, �±ÏLN! HMG SSDOI ì�¥ s-gate

»��ÝÚõ¼ê?1��. Ó�, K�>Ø� Ge

|©�O\~� [10]. lã 7 ¥�é'(J�±
²ww�, � SMG ì��'�, HMG (��ì�
U
�Ð/³� DIBL �A.

ã 7 HMG SSDOI Ú SMG SSDOI � DIBL �A�»��Cz

5 ( Ø

�©JÑ
�«#.�É�» SSDOI MOS-

FET ì�(�, ù«#.�ì�(Ü
É�»ÚA
C7�`:, ÏLUC���L¡³ÚL¡>|�
©Ù, ¦16f�±
�p���²þ�Ú�Ý,

16f3?\���, �U
¼��¯�\�. �
âÔn�n, �©éÉ�» SSDOI MOSFET ?1

�.z�ïÄ, ¿éù«#.�ì�(�?1

�[�ý. ïÄ(JL²µ¤ïá��.(J
� ISE ©Û�(JÎÜ�éÐ. ù«#.�(�é
á���AÚ916f�AÑkéÐ�³��^,

Ó�O�
K�>Ø�N��m, ��Jp
B�
ì�(��O�(¹5.
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Study of modeling for hetero-materiel gate fully
depleted SSDOI MOSFET∗
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Abstract

In this paper,we propose a new device structure called HMG SSDOI (hetero-materiel gate strained Si directly on insulator), which

combines the advantages of strained-silicon and hetero-material gate technology. By solving 2D Poisson’s equation, we present models

of the surface potential, surface electric field and threshold voltage for the new structure. These models take into account the effects of

the gate length, the work function and the energy band. ISE TCAD is also used to simulate the performance of new device structure.

The comparison results of model calculation and mathematic simulation show that the new structure of HMG SSDOI can enhance the

carrier transport efficiency and suppress short channel effect, drain induction barrier lower and hot carrier effect, which improves device

performance greatly.

Keywords: strained Si, hetero-material gate, threshold voltage, analytical model
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