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Abstract 

We have derived an analytical model for the effective 
field (Eeff) model of undoped Ultra-Thin Body (UTB) 
Double Gate (DG) SOI Tunneling MOSFETs ( T-FinFET) 

 in this paper .  
The Eeff is directly linked to the carrier mobility in the strong 
inversion and can be used to predict the bias dependence of 
the effective mobility ( eff).  Extensive simulations show 
that the Eeff model is not influenced by the quantum effect 
besides which indicates that its influence is limited to the 
constant zero-field mobility ( o) and independent of bias.  
The model predicts that for the same amount of inversion 
charge, a symmetric DG (SDG) MOSFET has higher eff 
than UTB or asymmetric DG (ADG) MOSFET especially at 
high gate bias or strong turn-on. 
 
I. INTRODUCTION 

The continued scaling of bulk MOSFETs for higher 
current drive low cost is approaching at the physics limit due 
to strong short-channel effect,  difficult for controlling VT 
and high leakage, thus new process technology, new devices 

 In order 
to extend CMOS to the next several generation 
semiconductor industry, some new device structure and new 
process have been proposed to over the traditional CMOS 
shortcomings. Among the proposed non-classical device 
structures, the double-gate tunneling MOSFETs, e.g., 
FinFET, with very thin film body are strong contenders to 
replace the traditional MOSFETs due to superior 
short-channel-effect immunity, sharp sub-threshold slope, 
and low parasitic resistance and capacitance [1-16].  

Following the ITRS prediction, the CMOS integrated 
circuit will soon approach 5nm technology generation in two 
or three years[7], and the T-FinFET structure is highly 
required for the IC production scaling from beyond 5nm  
down to 3nm. It is well known that the combination between 
the strain effect and double structure results in high 
performance match from N-type to P-type devices, also is 
generally believed to be outdated due to the regional 
characteristics, a compact modeling for stress effect on 
FinFET mobility enhancement is high required for engineer 
and circuit designer to optimize process control and device 
structure parameters. While many mechanisms that affect 
the mobility has been proposed, its bias dependence, which 
is of utter importance in modeling perspective, is not as well 
studied.  

In this paper an analytical expression of the effective 

field (Eeff) for the undoped SOI T-FinFET is derived from 

show that Eeff is invariant to the quantum effect as long as 
the amount of inversion charge (Qinv) is known, indicating it 
is independent of bias and can be modeled by modifying the 
zero-field mobility ( o) in the universal mobility model.  
The Eeff formulation also predicts that there is mobility 
enhancement in the Symmetric double-gate structure, which 
agrees well with the experimental data [9]. 

 
II. EFFECTIVE FIELD AND EFFECTIVE 

MOBILITY MODEL 

Figure 1 shows the symmetric DG TFET structure with 
undoped or doped body. Physics-based analytic models are 
developed to predict its key features. Physical explanations 
of these features are emphasized in this work and no fitting 
parameters will be introduced. It is assumed that 
electrostatics and carrier transport are decoupled [20], which 
means one can find the potential profile first and then 
calculate the current with certain tunnel models.  
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Fig. 1 Diagram of the T-FinFET structure. 

 
The Eeff is defined as (1) [25-26], which can be 

interpreted as the average electric field experienced by the 
carriers in the inversion layer. 
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as the Eeff is increased, the carriers in the inversion layer 
have a larger chances to interact with the Si/SiO2 interface, 
which degrades the carrier mobility according to the 
universal mobility model . 
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To calculate the Eeff

along the vertical direction in the silicon channel, 
considering only the mobility charge (electron) density as 
the body is undoped. 
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where q is the electronic charge, si is the permittivity of 
silicon and ni is the intrinsic carrier density. 
 We choose the reference point at x = Tsi where (Tsi) = 

o and 
Tsixdx

d
to solve for a generic solution.  By 

integrating (3) and taking the reference point as the 
boundary condition, we obtain 
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again, we obtain the potential as a function of spatial 
coordinate 
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Relating electron density and potential and using (5), we can 
get the electron density as a function of x 
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The total inversion charge Qinv is obtained by integrating (6) 
from x = 0 to Tsi. 
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From equation (6) and Gauss Law, the electric field as a 
function of x is found to be 
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By substituting equation (6) and (8) into (1) and using 
equation (7) to simplify the expression, we obtain the 
expressions of the Eeff  
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III. RESULTS AND DISCUSSIONS 

To verify the validity of the formulation of Eeff, 
extensive numerical simulations with and without quantum 
effect are performed.  Fig.2 illustrates the Eeff against the 
Qinv with different Tsi (without quantum effect) for UTB 
T-FinFET. It shows good agreement between the analytical 

solution and the simulation result.  Also, it is interesting to 
notice that the 1/4 si relationship in symmetric double-gate 
and the 1/2 si relationship in UTB device are independent of 
the Tsi.  

 
Figure 2 The simulated Eeff versus the Qinv without including 
quantum effect for both SDG-FinFET and UTB T-FinFET 
with different Tsi.  It is interesting to notice that the 1/4 si 
relationship in SDG and the 1/2 si relationship in UTB 
device are independent of the Tsi.  The insert also shows 
that the electric field term ( ' ) only exists in the Eeff_UTB, 
which agree well with the analytical solution. 

The plots of Eeff versus Qinv including quantum effect 
for SDG and UTB devices with different Tsi are shown in 
Fig. 3.  It shows that the functional dependence of 1/4 si 
and 1/2 si with Qinv in both SDG and UTB is not influenced 
by the quantum effect.  We can in general model the 
quantum effect only affects through the correction to the 
zero-field mobility ( o) rather than the Eeff term. 

 

 
Figure 3 The plots of the simulated Eeff against the Qinv 
including quantum effect for SDG and UTB T-FinFET with 
different Tsi.  It shows that the functional dependence of 
1/4 si and 1/2 si with Qinv in both SDG and UTB is not 
influenced by the quantum effect.  Therefore, it is 
suggested that the quantum effect appears in the eff model 
through the parameter of o rather than the Eeff.  The insert 
also shows that the electric field term ( ' ) only exists in 
the Eeff_UTB. 

Fig. 4 shows the eff against the Qinv for both SDG and 
UTB T-FinFET devices with same Tsi.  When the SDG and 
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the UTB T-FinFET device have the same amount of Qinv, 
SDG has much smaller Eeff than the UTB according to 
equation (9), which gives a significantly higher eff in SDG 
MOSFET.  Therefore, SDG is a more optimal structure for 
small devices for current drive and speed consideration. 

Recently, experimental results show that the mobility 
in SDG is higher than that in UTB device when the Qinv_UTB 
is half of the Qinv_SDG and the amount of inversion charge is 
relatively low.  This effect is not fully explained in 
previous study [19].  According to equation (9), when the 
Qinv_UTB is half of the Qinv_SDG, the Eeff_UTB is larger than the 
Eeff_SDG due to the finite electric field ( ' ) at the backside 
Si/SiO2 interface of UTB (and also ADG) T-FinFET devices.  
This also explained the higher eff in SDG T-FinFET at low 
inversion charge as shown in Fig. 3. 

 

 
Figure 4 The plot of the eff versus the Qinv for both SDG and 
UTB T-TinFET devices with Tsi = 5nm.  A mobility 
enhancement is observed in SDG device when the Qinv_UTB is 
half of the Qinv_SDG and the amount of inversion charge is 
relatively low. 
 

Fig.5 illustrates the electric field at the backside 
Si/SiO2 interface ( ' ) of UTB T-FinFET devices as a 
function of Qinv with different Tsi.  It shows that the 
backside electric field is relatively constant with respect to 
Qinv.  As the amount of inversion charge increases, the 
contribution of the '  in the Eeff_UTB is diminished, 
which makes Eeff_UTB behave more like Eeff_SDG under the 
Qinv_UTB = Qinv_SDG / 2 condition.  Therefore, as the Qinv is 
increased, the eff becomes essentially the same in both SDG 
and UTB device (Fig. 4) when the Qinv_UTB is half of the 
Qinv_SDG. 

 
Figure 5 Simulated electric field at the backside Si/SiO2 
interface ( ' ) of UTB T-FinFET devices as a function of 
Qinv with different Tsi, which shows that the backside electric 
field is nearly independent of the Qinv.  It explains why the 
mobility enhancement only occurs at low inversion charge 
density given that the Qinv_UTB is half of the Qinv_SDG. 
 
IV. CONCLUSION 

An Eeff 
Equation in this letter as a mean to model the eff in SDG, 
and UTB T-FinFET devices.  Extensive quantum 
simulations suggest that the quantum effect appears in the 

eff model through the parameter of o rather than the Eeff.  
When the Qinv_UTB = Qinv_SDG, SDG device shows higher eff 
than the UTB device.  In another condition, such as Qinv_UTB 
= Qinv_SDG / 2, the SDG T-FinFET devices also shows 
slightly higher eff than the UTB MOSFET in low inversion 
charge level, and the eff becomes essentially the same in 
both SDG and UTB device as the inversion charge is 
increased.  Therefore, SDG MOSFET has a higher current 
drive when compared with UTB T-FinFET in general.  
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