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A two-dimensional analytical model of fully depleted asymmetrical dual material
gate double-gate strained-Si MOSFETs�
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Abstract: On the basis of the exact resultant solution of two dimensional Poisson’s equations, a new accurate two-
dimensional analytical model comprising surface channel potentials, a surface channel electric field and a threshold
voltage for fully depleted asymmetrical dual material gate double-gate strained-Si MOSFETs is successfully devel-
oped. The model shows its validity by good agreement with the simulated results from a two-dimensional numerical
simulator. Besides offering a physical insight into device physics, the model provides basic design guidance for
fully depleted asymmetrical dual material gate double-gate strained-Si MOSFETs.
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1. Introduction

Double-gate MOSFETs seem to be a very promising op-
tion for ultimate scaling of CMOS technologyŒ1�. Excellent
short-channel effect (SCE) immunity, high transconductance,
and ideal subthreshold performanceŒ2; 3� have been reported
from theoretical and experimental work on this device. In par-
ticular, asymmetrical DG SOI MOSFETs are becoming pop-
ular since these structures provide a desirable threshold volt-
age unlike symmetrical DG SOI MOSFETs. To enhance the
immunity against SCEs, a new structure called a dual-material
(DMG) gateMOSFET has been proposed. A dual-material gate
structure induces the peak of the electric field at the interface
between the different materials, which enhances the carrier’s
speed and improves the device’s performanceŒ4�6�. In addition,
strained-Si devices can enhance mobility, high-field velocity
and velocity overshoot of carriers are promising candidates for
future high-performance MOSFETsŒ7�. To incorporate the ad-
vantage of asymmetrical DGMOSFETs and dual-material gate
structure and strained-Si devices, the asymmetrical dual mate-
rial gate double-gate strained-Si MOSFET has been proposed.
In this paper, a novel, fully depleted asymmetrical dual mate-
rial gate double-gate strained-SiMOSFETs is investigated. The
analytical models for surface potential distribution and thresh-
old voltage are derived based on the two dimensional Poisson’s
equations. The models are verified by the simulation results
that agree well with those of the two-dimensional numerical
simulator. With appropriate modification, the model can also
be extended to asymmetrical and symmetrical DG MOSFETs.

2. Strained-Si MOSFET

2.1. Effect of strain on bandgap

In the presence of strain, the silicon thin film experiences
biaxial tension and changes its band structureŒ8�11�. The strain
can increase the electron affinity of silicon. It can also cause
the bandgap and the effective mass of carriers to decrease. The
above strain-related effects on the silicon band structure are
modeled as followsŒ12; 13�,

.�EC/s-Si D 0:57X; (1)

.�Eg/s-Si D 0:4X; (2)

VT ln
NV; Si

NV, s-Si
D VT ln

 
m�

h; Si

m�
h, s-Si

!3=2

D 0:075X; (3)

where X is the strain in the equivalent Ge mole fraction in the
relaxed SiGe butter layer, .�EC/s-Si is the increase in electron
affinity of silicon due to strain, .�Eg/s-Si is the decrease in the
bandgap of silicon due to strain, and VT is the thermal voltage.
NV; Si and NV, s-Si are the density of states (DOS) in the valence
band in normal and strained-Si, respectively, m�

h;Si and m�
h, s-Si

are the effective masses of hole DOS in normal and strained-Si,
respectively.

2.2. Effect of strain on flatband voltage

Since the structure is symmetrical, the effect of strain on
the front-channel flatband and back-channel flatband voltage
of this structure MOSFET can be modeled as followsŒ12; 13�,
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Fig. 1. Schematic structure of (a) a asymmetrical DMG DG strained-Si MOSFET and (b) a symmetrical DG strained-Si MOSFET.

.VFB; f/s-Si D .VFB; f/Si C �VFB; f; (4)

where
.VFB; f/Si D �M � �Si;

�VFB; f D
�.�EC/s-Si

q
C

.�Eg/s-Si

q
� VT ln

NV; Si

NV, s-Si
;

�Si D �Si=q C Eg;Si=2q C �f-Si;

�f-Si D VT ln.NA=ni; Si/:

In the above relations, �M is the work function of the gate,
�Si is the work function of unstrained-Si, �f-Si is the Fermi po-
tential of unstrained-Si, Eg; Si is the bandgap of unstrained-Si,
q is the electronic charge,NA is the body doping concentration,
and ni; Si is the intrinsic carrier concentration in unstrained-Si.

It is also important to consider the effect of strain on the
built-in voltage across the source-body and drain-body junc-
tions in strained-Si thin film, which can be written as

Vbi, s-Si D Vbi;Si C .�Vbi/s-Si; (5)

where
Vbi; Si D

Eg; Si

2q
C �F; Si;

.�Vbi/s-Si D
�.�Eg/s-Si

q
� VT ln

NV; Si

NV, s-Si
:

3. Model formulation

3.1. Two-dimensional model for surface potential

The schematic cross-section view of an FD asymmetrical
DMG DG strained-Si MOSFET is shown in Fig. 1(a), and that
of symmetrical DG strained-Si MOSFET is shown in Fig. 1(b).
In Fig. 1(a), the lengths of the gate metals M1 and M2 are L1

and L2, respectively. Assuming the channel doping to be uni-
form, the channel region is divided into two different zones
since two kinds of gate materials are used. Neglecting the ef-
fect of the fixed oxide charges on the electrostatics of the chan-
nel, the Poisson’s equation of the potential distribution in the
two strained-Si zones before the onset of strong inversion can
be written asŒ14�16�

@2�1.x; y/

@x2
C

@2�1.x; y/

@y2
D

qNA

"Si
;

0 6 x 6 L1; 0 6 y 6 ts-Si; (6)

@2�2.x; y/

@x2
C

@2�2.x; y/

@y2
D

qNA

"Si
;

L1 6 x 6 L; 0 6 y 6 ts-Si; (7)

@2�3.x0; y0/

@x02
C

@2�3.x0; y0/

@y02
D

qNA

"Si
;

0 6 x0 6 L1; 0 6 y0 6 ts-Si; (8)

@2�4.x0; y0/

@x02
C

@2�4.x0; y0/

@y02
D

qNA

"Si
;

L1 6 x0 6 L; 0 6 y0 6 ts-Si; (9)

where NA is the doping density of the strained-Si layer, "Si
is the dielectric constant of the strained-Si layer, ts-Si is the
thickness of the strained-Si layer, L is the gate length, and
L D L1 C L2, with the x-axis parallel to the channel and the
y-axis perpendicular to the channel. The potential profile in the
vertical direction in the strained-Si layer can be approximated
by a parabolic function,

�1.x; y/ D �s1.x/ C c11.x/y C c12.x/y2;

0 6 x 6 L1; 0 6 y 6 ts-Si; (10)

�2.x; y/ D �s2.x/ C c21.x/y C c22.x/y2;

L1 6 x 6 L; 0 6 y 6 ts-Si; (11)

�3.x0; y0/ D �b1.x0/ C c31.x0/y0
C c32.x0/y02;

0 6 x0 6 L1; 0 6 y0 6 ts-Si; (12)

�4.x0; y0/ D �b2.x
0/ C c41.x0/y0

C c42.x0/y02;

L1 6 x0 6 L; 0 6 y0 6 ts-Si; (13)
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where �s1.x/ and �s2.x/ are the front channel surface poten-
tial under M1, M2, respectively, and �b1.x

0/ and �b2.x
0/ is

the back channel surface potential. The coefficients c11.x/,
c12.x/, c21.x/ and c22.x/ are only functions of x, and c31.x0/,
c32.x0/, c41.x0/ and c42.x0/ are only functions of x0. The Pois-
son’s equations can be solved using the following boundary
conditions.

(1) At the top side, the electric flux (displacement) at the
gate-oxide/strained-Si layer interface is continuous, i.e.,

d�1.x; y/

dy

ˇ̌̌̌
yD0

D
"ox

"Si

�s1.x/ � V 0
GS1

tf
; (14)

d�2.x; y/

dy

ˇ̌̌̌
yD0

D
"ox

"Si

�s2.x/ � V 0
GS2

tf
; (15)

d�3.x0; y0/

dy0

ˇ̌̌̌
y0Dts-Si

D
"ox

"Si

V 0
GS1 � �3.x0; ts-Si/

tf
; (16)

d�4.x0; y0/

dy0

ˇ̌̌̌
y0Dts-Si

D
"ox

"Si

V 0
GS2 � �4.x0; ts-Si/

tf
; (17)

where "ox is the dielectric constant of the gate oxide, tf is the
gate oxide thickness and VGS is the gate-to-source bias voltage,
V 0
GS1 D VGS � .VFB1; f/s-Si， V 0

GS2 D VGS � .VFB2; f/s-Si,
.VFB2; f/Si D �M2 � �Si, .VFB1;f/Si D �M1 � �Si.

(2) At the bottom side, the electric flux (displacement) of
the gate-oxide/strained-Si layer interface is continuous, i.e.,

d�1.x; y/

dy

ˇ̌̌̌
yDts-Si

D
"ox

"Si

V 0
GS2 � �1.x; ts-Si/

tf
; (18)

d�2.x; y/

dy

ˇ̌̌̌
yDts-Si

D
"ox

"Si

V 0
GS2 � �2.x; ts-Si/

tf
; (19)

d�3.x0; y0/

dy0

ˇ̌̌̌
y0D0

D
"ox

"Si

�b1.x
0/ � V 0

GS2
tf

; (20)

d�4.x0; y0/

dy0

ˇ̌̌̌
y0D0

D
"ox

"Si

�b2.x
0/ � V 0

GS2
tf

: (21)

(3) At the source side, the channel potential must be equal
to the built-in potential for the junction of the source and body,

�1.0; 0/ D �S.0/ D Vbi, s-Si D �b.0/ D �3.0; 0/: (22)

(4) At the drain side, the channel potential must be equal
to the built-in potential for the junction of the source and body
plus the drain-to-source bias voltage,

�2.L; ts-Si/ D Vbi, s-Si C VDS D �4.L; ts-Si/; (23)

where VDS is the drain-to-source bias voltage.
(5) The potential and the electric flux at the interface of

M1and M2 are equal,

�1.L1; 0/ D �2.L1; 0/; (24)

�3.L1; 0/ D �4.L1; 0/; (25)
d�1.x; y/

dx
jxDL1

D
d�2.x; y/

dx
jxDL1

; (26)

d�3.x0; y0/

dx0
jx0DL1

D
d�4.x0; y0/

dx0
jx0DL1

: (27)

Using the boundary condition equations. (10)–(13), one
can obtain the coefficients c11.x/, c12.x/, c21.x/, c22.x/,
c31.x0/, c32.x0/, c41.x0/ and c42.x0/, and then obtain the ex-
pressions for �1.x; y/, �2.x; y/, �3.x0; y0/ and �4.x0; y0/.
Substituting �1.x; y/, �2.x; y/, �1.x; y/ and �2.x; y/ into
Eqs. (6)–(9), respectively, and substituting y = 0 or y0 = 0, one
obtains

d2�s1.x/

dx2
� ˛2�s1.x/ D ˇ1; (28)

d2�s2.x/

dx2
� ˛2�s2.x/ D ˇ2; (29)

d2�b1.x
0/

dx02
� ˛2�b1.x

0/ D ˇ3; (30)

d2�b2.x
0/

dx02
� ˛2�b2.x

0/ D ˇ4; (31)

where
˛2

D
2"ox

"sitftsi
;

ˇ1 D
qNA

"si
�

"ox

"si

V 0
GS2 C .1 C a1/V 0

GS1

tftsi

�
1 C

1

2
a1

� ;

ˇ2 D
qNA

"si
�

"ox

"si

2V 0
GS2

tftsi
D ˇ4;

ˇ3 D
qNA

"si
�

"ox

"si

V 0
GS1 C .1 C a1/V 0

GS2

tftsi

�
1 C

1

2
a1

� :

Here, a1 D
"oxtsi
"Sitf

.
The solutions for Eqs. (28)–(31) are simple second-order

non-homogenous differential equations with constant coeffi-
cients, which can be written as

�s1.x/ D A exp.˛x/ C B exp.�˛x/ �
ˇ1

˛2
; (32)

�s2.x/ D C exp Œ˛.x � L1/� C D exp Œ�˛.x � L1/� �
ˇ2

˛2
;

(33)

�b1.x
0/ D E exp.˛x0/ C F exp.�˛x0/ �

ˇ3

˛2
; (34)

�b2.x
0/ D G exp

�
˛.x0

� L1/
�
C H exp

�
�˛.x0

� L1/
�
�

ˇ4

˛2
:

(35)
Now, using boundary conditions (3), (4) and (5) to solve

for A; B; C; D; E; F; G and H , one obtains

A D

�
ˇ2 � ˇ1

2˛2
exp.˛L2/ C

ˇ2 � ˇ1

2˛2
exp.�˛L2/ �

ˇ2

˛2

C

�
Vbi, s-Si C

ˇ1

˛2

�
exp.�˛L/ � Vbi, s-Si � VDS

�
� Œexp.�˛L/ � exp.˛L/��1; (36)

B D

�
ˇ2 � ˇ1

2˛2
exp.˛L2/ C

ˇ2 � ˇ1

2˛2
exp.�˛L2/ �

ˇ2

˛2

C

�
Vbi, s-Si C

ˇ1

˛2

�
exp.˛L/ � Vbi, s-Si � VDS

�
� Œexp.˛L/ � exp.�˛L/��1;

(37)
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C D A exp.˛L1/ C
ˇ2 � ˇ1

2˛2
; (38)

D D B exp.�˛L1/ C
ˇ2 � ˇ1

2˛2
; (39)

E D

�
ˇ4 � ˇ3

2˛2
exp.˛L2/ C

ˇ4 � ˇ3

2˛2
exp.�˛L2/ �

ˇ4

˛2

C

�
Vbi,s-Si C

ˇ3

˛2

�
exp.�˛L/ � Vbi,s-Si � VDS

�
� Œexp.�˛L/ � exp.˛L/��1 ;

(40)

F D

�
ˇ4 � ˇ3

2˛2
exp.˛L2/ C

ˇ4 � ˇ3

2˛2
exp.�˛L2/ �

ˇ4

˛2

C

�
Vbi,s-Si C

ˇ3

˛2

�
exp.˛L/ � Vbi,s-Si � VDS

�
� Œexp.˛L/ � exp.�˛L/��1;

(41)

G D E exp.˛L1/ C
ˇ4 � ˇ3

2˛2
; (42)

H D F exp.�˛L1/ C
ˇ4 � ˇ3

2˛2
: (43)

The minimum potential of the front-channel and back-
channel can be calculated from Eqs. (32)–(35) as

�s1;min D 2
p

AB �
ˇ1

˛2
; (44)

�s2;min D 2
p

CD �
ˇ2

˛2
; (45)

�b1;min D 2
p

EF �
ˇ1

˛2
; (46)

�b2;min D 2
p

GH �
ˇ4

˛2
: (47)

The minimum occurs at

xmin; f1 D
1

2˛
ln

B

A
; (48)

xmin; f2 D
1

2˛
ln

D

C
; (49)

xmin; b1 D
1

2˛
ln

E

F
; (50)

xmin; b2 D
1

2˛
ln

G

H
: (51)

The electric field pattern along the channel determines the
electron transport velocity through the channel. The electric
field horizontal components under the front gates and back gate
are given as

E1; f.x/ D A˛ exp.˛x/ � B˛ exp.�˛x/; (52)

E2; f.x/ D C˛ exp Œ˛.x � L1/� � D˛ exp Œ�˛.x � L1/� ;

(53)
E1; b.x/ D E˛ exp.˛x/ � F ˛ exp.�˛x/; (54)

E2; b.x/ D G˛ exp Œ˛.x � L1/� � H˛ exp Œ�˛.x � L1/� :

(55)

3.2. Two-dimensional model for threshold voltage

The threshold voltage VTH is the value of the gate volt-
age VGS at which a conducting channel of an SOI MOSFET is
induced. In a fully depleted thin film SOI, it is desirable that
the front channel turns on before the back channel. Therefore,
the threshold voltage is taken to be that value of gate source
voltage for which �s1;min D 2�F; Si, where �F; Si is the differ-
ence between the extrinsic Fermi level in the bulk region and
the intrinsic Fermi level. For the strained-Si SOI MOSFET, the
threshold condition under the front gate is modified asŒ9;10�

�s;min D 2�F; Si C ��s-Si D �th; (56)

where
��s-Si D �

.�Eg/s-Si

q
C VT ln

NV; Si

NV, s-Si
:

�th is the value of surface potential at which the volumetric
inversion electron charge density in the strained-Si device is
the same as that in the unstrained-Si at threshold, i.e., equal to
the body doping.

For an FD asymmetrical DMG DG structure, because of
the different metal material M1 and M2, the threshold voltage
is defined as the value of VGS in which the minimum between
of the maximum of the front channel surface potential �s1;min
and �s2;min equals �th, and the maximum of the back channel
surface potential �b1;min and �b1;min equals �th. Hence, one can
determine the value of the threshold voltage as the value of VGS
by solving Eqs. (44)–(47).

The front gate threshold voltages can be expressed as

VTH; f1 D
qNA

"si˛2
�

�bf1 C

q
b2
f1 � 4af1cf1

2af1
C.VFB1; f/s-Si; (57)

VTH; f2 D
qNA

"si˛2
�

�bf2 C

q
b2
f2 � 4af2cf2

2af2

C
.VFB1; f/s-Si C .1 C a1/.VFB2;f/s-Si

2 C a1

; (58)

where
af1 D 2 � � �

h

4
;

bf1 D �Z � Y C m C
V1

˛2
.2 � �/ �

h

2
�th;

cf1 D W1 �
h

4
�2
thh D 2 � exp.2˛L/ � exp.�2˛L/;

W1 D ZY � .Z C Y /
V1

˛2
C

V 2
1

˛4
;

Z D
V1

2˛2
Œexp.˛L2/ C exp.�˛L2/� C Vbi, s-Si

exp.�˛L/ � Vbi, s-Si � VDS;

Y D
V1

2˛2
Œexp.˛L2/ C exp.�˛L2/� C Vbi, s-Si

exp.˛L/ � Vbi, s-Si � VDS;

� D Œexp.˛L/ C exp.�˛L/� m D Z exp.˛L/ C Y exp.�˛L/;

af2 D 2 � � �
h

4
;
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bf2 D �Z � Y C m C
V1

˛2
� �

2V1

˛2
C h

V1

2˛2
�

h

2
�th;

cf2 D W2 �
h

4
�2
th;

W2 D ZY �
V1

˛2
m C

V 2
1

˛4
C K

V1

2˛2
n

C
V 2

1

2˛4

�
exp.˛L2/ � exp.�˛L2/

�
C h

V 2
1

4˛4

V1 D
"ox

"si

1 C a1

tftsi

�
1 C

1

2
a1

���M;

n D Z exp.˛L1/ � Y exp.�˛L1/;

��M D �M2 � �M1;

K D exp.˛L/ � exp.�˛L/:

So the front gate threshold voltage is the maximum of the
front channel threshold voltage,

VTH; f D maxŒVTH; f1; VTH; f2�: (59)

The back gate threshold voltage can be expressed as

VTH; b1 D
qNA

"si˛2
�

�bb1 C

q
b2
b1 � 4ab1cb1

2ab1
C .VFB1; f/s-Si;

(60)

VTH; b2 D
qNA

"si˛2
�

�bb2 C

q
b2
b2 � 4ab2cb2

2ab2

C
.VFB2; f/s-Si C .1 C a1/.VFB1; f/s-Si

2 C a1

; (61)

where
ab1 D 2 � � �

h

4
;

bb1 D �Z � Y C m C
V2

˛2
.2 � �/ �

h

2
�th;

cb1 D W3 �
h

4
�2
th;

V2 D
"ox

"si

��M

tftsi

�
1 C

1

2
a1

� ;

W3 D ZY � .Z C Y /
V2

˛2
C

V 2
2

˛4
;

ab2 D

�
2 � � �

h

4

�
bb2

D �Z � Y C m C
V2

˛2
� �

2V2

˛2
C h

V2

2˛2
�

h

2
�th;

bb2 D �Z � Y C m C
2V2

˛2
C

V2

˛2
� C

V2

2˛2
h �

h

2
�th;

cb2 D W4 �
h

4
�2
th;

Fig. 2. Variation in the surface potential along the channel for the 40
nm DMG DG and DG strained-Si MOSFET. (a) Potential distribu-
tion of the front gate and back gate surface of the DMG DG and DG
MOSFETs. (b) Potential distribution of the back gate surface of the
DMG DG and DG MOSFETs. (c) Potential distribution of the front
gate surface of the DMG DG MOSFETs.

W4 D ZY �
V2

˛2
m C

V 2
2

˛4
C K

V2

2˛2
n

C
V 2

2

2˛4
Œexp.˛L2/ � exp.�˛L2/� C h

V 2
2

4˛4
:

So the back gate threshold voltage is the maximum of the
back channel threshold voltage,

VTH;b D maxŒVTH;b1; VTH;b2�: (62)

So the threshold voltage is the minimum of the front chan-
nel threshold voltage and the back channel threshold voltage,

VTH D minŒVTH;f; VTH;b�: (63)

044005-5



J. Semicond. 2011, 32(4) Li Jin et al.

Fig. 3. Variation in the surface electric field within the channel for
the 40 nm DMG DG and DG MOSFETs. (a) Surface electric field
distribution of the front gate and the back gate surface of the DMG
DG and DG MOSFETs. (b) Surface electric field distribution of the
front gate of the DMG DG and DG MOSFETs. (c) Surface electric
field distribution of the back gate of the DMGDG and DGMOSFETs.

4. Results and discussion

To verify the proposed analytical model, an FD n-channel
asymmetry DMG DG structure, as shown in Fig. 1(a), was
used. Typical values of the work function for gate metals M1
and M2 are chosen as 4.70 eV and 4.35 eV, respectively. tf =
2 nm, ts-Si = 10 nm, NA D 1 � 1017 cm�3.

In the following figures, the lines represent the results from
the derived analytical models, and the symbols represent those
from ISE.

Figure 2(a) shows the curve of the front gate surface po-
tential and the back gate surface potential of the DMG DG

Fig. 4. Variation in threshold voltage along the channel for 100 nm
DMGDG and DGMOSFETs. (a) Threshold voltage of DMGDG and
DGMOSFETs. (b) Threshold voltage of DMGDGMOSFET changes
with the gate length ratio and strain X .

strained-Si MOSFET and the front/back surface potential of
the DG strained-Si MOSFET against the horizontal distance in
the channel for L = 40 nm. It is clearly seen that the DMG DG
structure exhibits a step function in the surface potential along
the channel. Due to this unique feature, the area under M1 ploy
front gate of the DMG structure is essentially screened from the
drain-potential variations. This means that the drain-potential
has very little effect on the drain current after saturation re-
ducing the DIBL. Figure 2(b) shows the variation in the back
gate surface potential of the DMG DG strained-Si MOSFET
and the variation in the surface potential of the DG strained-Si
MOSFET with the values of the effective Ge mole fraction in
the relaxed Si1�xGex buffer. At the source and drain end, the
surface potential decreases with an increase in the values of
the effective Ge mole fraction in the relaxed Si1�xGex buffer.
However, in themiddle of the channel there is an increase in the
potential barrier with increasing values of the effectiveGemole
fraction in the relaxed Si1�xGex buffer. Figure 2(c) shows the
variation in the front gate surface potential of the DMG DG
strained-Si MOSFET with the values of the effective Ge mole
fraction in the relaxed Si1�xGex buffer and the gate length ra-
tio (L1/L2/. As the gate length ratio decreases, the step change
of the potential moves toward the source end. We can see that
at the source and drain end the surface potential decreases with
increasing values of the effective Ge mole fraction in the re-
laxed Si1�xGex buffer. However, in the middle of the channel,
the potential barrier increases with increasing values of the ef-
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Fig. 5. Drain induced barrier lowing (DIBL) versus channel length L.

fective Ge mole fraction in the relaxed Si1�xGex buffer.
Figure 3(a) shows the variation in the front gate and back

gate electric field of the DMG DG and DG strained-Si MOS-
FET along the normalized channel portion with the gate length
L = 40 nm. There is a peak electric field at the interface of M1
and M2 within the channel of the DMG DG MOSFET, and it
accelerates the carrier transit speed. Figures 3(b) and 3(c) show
the variation in the front gate and back gate electric field of the
DMG DG strained-Si MOSFET with the gate length ratio. It
can be seen that the peak electric field moves toward the source
side as the gate length ratio decreases.

Figure 4(a) shows the variation in threshold voltage of
the DMG DG and the DG strained-Si MOSFET with the gate
length. It is observed that SCE become serious with decreas-
ing channel length. Figure 4(b) shows the variation in threshold
voltage with the gate length for different Ge mole fractions. It
is observed that the threshold voltage is lower for higher strain
in the silicon film and small gate length ratio (L1/L2/ for a
given channel length. The change with increasing Ge content
x is due to the decrease in the flatband voltage, the decrease in
the built-in potential barrier, and an earlier onset of inversion
due to a decrease in �th.

Figure 5 shows the variation in DIBL with channel length
ratio for x = 0.2 Ge mole fraction for the DMG DG strained-Si
MOSFET. The DIBL is obtained from the difference between
the threshold voltage at high drain–drain source voltage (Vds
= 0.5 V) and the threshold voltage value at low drain–drain
source voltage (Vds = 0.05 V). It is observed that DIBL is sig-
nificant for small channel lengths (40–50 nm), while it is neg-
ligible for longer channel lengths.

5. Conclusion

Based on the two-dimensional solution of Poisson’s equa-
tion, the analytical model for asymmetrical DMGDG strained-
SiMOSFET comprising surface potential, surface electric field

and threshold voltage has been developed. It has been shown
that the FD asymmetrical DMG DG strained-Si MOSFET re-
duces SCE and DIBL. The obtained results are in good agree-
ment with the simulation results.
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