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Abstract - In this paper, the Double-Gate 
MOSFET’s operation modes such as symmetric, 
asymmetric and independent-gate-operation are 
discussed and an idea for the generic compact model 
development is proposed. It is shown that the 
presented generic model predicts different DG 
MOSEET operation modes and the characteristics, 
which are well verified by the 2-D numerical 
simulator in different cases. We also analyze the 
model limitation and further improved direction.  

I. INTRODUCTION 

With the intensive downscaling of CMOS 
VLSI integrated circuits, traditional bulk device 
structure is approaching the practical limit 
imposed by gate tunneling and severe short 
channel effects (SCEs). In order to extend CMOS 
to next generation VLSI ICs, various alternative 
novelty device structures and process integration 
technology have been widely studied [1]. Among 
the proposed non-classical device structures, 
Double-Gate (DG) MOSFETs with very thin film 
body are strong contenders to replace the bulk 
MOSFETs due to superior short-channel-effect 
immunity, near-ideal sub-threshold slope, and low 
parasitic resistance and capacitance. 

To predict the performance characteristics of 
DG MOSFETs, an accurate compact model is 
required to benchmark or simulate future 
generation circuit performance in future. Much 
research work has been devoted to developing 
compact models for DG MOSFETs. For example, 
some models applicable for symmetric DG 
MOSFETs have been developed in [2-7]. Some 
useful asymmetric and independent-gate 
MOSFETs models have also been proposed 
[8-12]. A generic core model for double-gate 

MOSFETs, valid for symmetric, asymmetric and 
independent-gate-operation modes, has been 
reported in [13]. However this model is only 
applicable for undoped DG MOSFETs. To our 
knowledge, a generic compact model for both 
doped and undoped DG MOSFETs, valid for all 
symmetric, asymmetric and 
independent-gate-operation modes, is not 
available up to now. 

In this paper, we discuss the DG MOSFET’s 
operation modes. And then, a generic 
potential-based compact model for both highly 
doped and lightly undoped DG MOSFETs, 
applicable for all symmetric, asymmetric and 
independent-gate-operation modes, is described 
and further compared with the 2-D numerical 
simulation. 

II. OPERATION MODES OF DG 
MOSFET AND PROPOSED MODEL 

Due to the inherent complexity of solving 
Poisson equation with ionized dopant and free 
carrier charge terms, a generic compact model for 
both doped and nearly intrinsic DG MOSFETs 
applicable for all gate-operation modes has not 
been reported. While from the perspective of 
circuit designers, such a model to analyze and 
predict the performance of DG MOSFETs is 
highly desirable for different design 
consideration.   

Fig.1 shows the structure and coordinate 
system of a generic N-type DG MOSFET. As we 
all know, depending on the structure parameters 
and gate biases, DG MOSFETs can operate in 
different modes: symmetric, asymmetric and 
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independent-gate-operation modes. A) A 
symmetric DG MOSFET has symmetric structure 
parameters(such as identical work function and 
oxide thickness for front gate and back gate) and 
the same input voltages for two gates. B) An 
asymmetric DG MOSFET is with asymmetric 
structure parameters (such as different work- 
function and different gate oxide thickness) but 
the same input voltages for two gates. C) DG 
MOSFETs with one of its gates biased to a 
constant voltage while the input signal enters the 
other gate, can be referred to as Independent- 
gate-operation mode. 

With the physical analysis, no matter which 
operation mode the DG MOSFET is in, the 
channel potential profile along the direction 
vertical to the drain current direction can 
generally be classified into three categories as 
shown in Fig.2. For simplicity, the Fermi energy 
level and gate voltage are not shown. Tsi, Toxf and 
Toxb are the thickness of silicon film, front gate 
insulator and back gate insulator separately and L
is the channel length. 

(I) The first category named as “bulk-like” in 
this report is that the channel is partially depleted, 
and DF MOSFET can be referred to as two bulk 
MOSFETs. 

(II) The second category is that the channel is 
fully depleted and the position(x0) where the 
electric field equals zero is inside the silicon film, 
which is named as “DG-like”. 

(III) The third category named as “SOI-like” 
represents that the channel is fully depleted, but 
there is no the position where the electric field 
equals zero inside the silicon film.  

The channel potential profile transits from one 
category to another as the gate voltage varies, and 
DG MOSFETs can only work in one of these 
three categories under a given operation point. 

.

Fig.1 Cross section and the coordinate system of a 
generic N-type DG MOSFET with silicon 
channel.

Fig.2 Simple corresponding energy band 
diagrams for the three categories mentioned 
above: (a) bulk-like; (b) DG-like; (c) SOI-like. 

According to the three categories mentioned 
above, the proposed model is divided into three 
core parts. Depending on an approach that we 
used, this generic model selects one of the core 
parts to model the surface potential at the gate 
oxide/silicon film interface and the drain current 
for the corresponding category under the given 
operation point. 

III. RESULTS AND DISCUSSION 

The proposed generic model is verified by 
comparison with a 2-D self-consistent numerical 
solver, ULTRAS-DG [25]. A long-channel DG 
MOSFET with constant carrier mobility of 
400 2 1 1cm V s� �� �  is chosen. The length and 
width of the channel are both 1 um, and metal 
gate with mid-gap work function (4.6eV) is 
used .toxf and toxb unless specified. Vgf, Vgb and 
Vds are the voltage for front gate, back gate and 
drain terminal separately. Vfb represents the flat 
band voltage. The work function difference of 
front gate and back gate is defined as f��  and  

b��  separately. Na denotes the doping 
concentration of the channel. 

Fig.3 is the model-predicted Ids versus effective 
gate voltage curves of DG MOSFET for different 
levels of doping concentration in symmetric mode, 
compared with 2-D numerical simulation results. 
Lines represent the proposed model and symbols 
denote the numerical results. Apparently, the drain 
current from the generic model extensively agrees 
with the numerical simulation, from weak 
inversion to strong inversion and from lightly 
doped channels to highly doped channels.  

Fig.4 illustrates the drain current Ids versus Vgs
curves of DG MOSFET for different doping 
concentrations in independent-gate-operation 
mode, Vgb=0, given by the proposed model and 
the numerical results. Agreement between the 
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model and numerical results for different doping 
levels are observed with acceptable error in the 
strong inversion region. 

Fig.5 and Fig.6 demonstrate the transfer 
characteristics of DG MOSFET with different 
work function for two gates in asymmetric mode. 
Fig.5 indicates the impact of different levels of 
doping concentration on the Ids-Vgs curves, and 
Fig.6 gives the Ids-Vgs curves of an asymmetric 
DG MOSFET considering the impact of work 
function difference. Both Fig.5 and Fig.6 show 
that the current calculated from the model and the 
numerical simulation results agree with each other 
well.  

The output characteristics of a DG MOSFET in 
asymmetric mode together with the numerical 
results are shown in Fig.7, which displays that the 
DG MOSFET characteristics obtained from the 
proposed model also have a good agreement with 
the numerical simulation. 

Fig.8 shows the Ids-Vgs curves of a DG 
MOSFET with a larger work function difference 
for two gates in asymmetric mode, including the 
currents calculated from the proposed model and 
numerical simulation results. It is found that tge 
deviation between both is very small as a DG 
MOSFET operation transits from the weak 
inversion region into the strong inversion region, 
or from a SOI-like operation into a DG-like 
operation mode. Thus, the combined SOI-like and 
DG-like mode gives accurate curves with the 
numerical simulation.  

Again, Fig.9 demonstrates the Ids-Vgs curves of 
a DG MOSFET with different oxide thickness for 
two gates in asymmetric mode, given by the 
model and 2-D numerical simulation. Fig.9 
indicates that the drain current of a DG MOSFET 
predicted by the model agrees with the 2-D 
numerical simulation well in different doping 
level and in a large gate bias region, for different 
front and back gate oxide thickness. This results 
demonstrate the validity of the proposed model..
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Fig.3 Model-predicted Ids versus effective gate 
voltage of a DG MOSFET in symmetric operation 
mode with different doping concentrations, 
compared with the numerical simulation results.  
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Fig.4 Comparison of transfer curves of a DG 
MOSFET in independent-gate-operation mode, 
from the generic model and numerical simulation. 
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Fig.5 Transfer characteristics of a DG MOSFET 
with different work function in asymmetric 
operation mode with different doping levels, 
obtained from the model and numerical results. 
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Fig.6 Ids-Vgs curves of a DG MOSFET with larger 
work function difference in asymmetric operation 
mode. 
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Fig.7 Distinct output characteristics of a DG 
MOSFET together with the numerical results in 
asymmetric mode with different work function. 

Fig.8 Illustration of the drain current of a DG 
MOSFET given by the model with different work 
function for two gates in asymmetric mode, 
compared with 2-D numerical simulation. 

Fig.9 Plot of Ids-Vgs curves of a DG MOSFET 
with different oxide thickness in asymmetric 
mode in comparison with numerical results. 

VI. CONCLUSION 

In summary, a generic compact model for both 
doped and nearly intrinsic DG MOSFETs has 
been developed, applicable for symmetric, 
asymmetric and independent-gate-operation is 
proposed. The proposed model consists of three 
core parts for the corresponding categories 
mentioned in section III. The validity of the 
proposed model has also been verified by the 2-D 
numerical simulation.  
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