
A Mobility Model for Deep Submicron MOSFET Device Simulation 

M. Shirahata, N. Kotani, S. Kusunoki and Y. Akasaka 

LSI R&D Laboratory, Mitsubishi Electric Corporation 
4-1 Mizuhara,Itami, Hyogo, 664 Japan 

Telephone : 0727-84-7325 
A mobility model in device simulation is an important 

parameter that greatly affects calculation results. The model 
proposed by Yamaguchi [1] has widely been used and later improved 
by Hiroki et al.[2]. These models are very easy to apply to 
device simulation, since the formulae used are simple and there 
is no need to distinguish the carrier flow in the inversion layer 
from that in the bulk region. 

Recently very-short-channel MOSFETs with high substrate 
concentration and thin gate oxide have been developed according 
to the scaling law. When we use the mobility models mentioned 
above in a device simulator for these advanced MOSFETs, two 
problems arise. (1) The device simulator estimates an extremely 
low value for the mobility even in the inversion layer when 
impurity concentration is high, and (2) for a given impurity 
concentration^ the simulator overestimates its value in propor­
tional to En ° • "̂  even at high normal field, where En denotes the 
value of the normal field. These characteristics are inconsist­
ent with the experimental results previously reported [3]. 
Schwarz and Russek [4] have presented semi-empirical equations 
that include the screening effect caused by electrons in the 
inversion layer. However, it is necessary to find the inversion 
layer region in a device simulator since the equations cannot be 
applied to the pinchoff depletion region and source/drain high 
concentration region. Moreover the transverse-field dependence on 
the mobility is considered for the range up to 6X10^ V/cm, so it 
is not appropriate to use their model at high normal electric 
field as indicated by experimental results. 

In this paper we propose a mobility model for deep submicron 
MOSFET device simulation. Our model is the first one that is not 
only applicable to the whole region of a MOSFET but also takes 
into account the screening effect in the inversion layer. The 
model also achieves an improved normal field dependence for thin 
gate oxide MOSFETs. 

The impurity density dependence of our model is based on 
Scharfetter and Gummel's empirical expression [1] and includes 
the screening effect caused by free carriers by using a weight 
function. The function is based on the Brooks-Herring formula 
[5]. For the normal field dependence, we propose a formula that 
fits into the experJ?5Tiental data [3]. 

We performed long channel device simulations using our 
mobility model. We then calculated the effective mobility as a 
function of the effective normal field for various dopings. We 
give the calculation results of our model and Yamguchi's model in 
Fig.l and Fig.2, respectively. 

To compare our calculation results with the experimental 
results, MOSFETs with various channel doses and doping energies 
are fabricated. Typical channel profiles are given in Fig.3. 
Fig.4 depicts transconductance gm as a function of doping levels. 
The drain current of MOSFETs of channel length 0. 4 u m as a 
function of gate voltage is given in Fig.5. 

From the results shown in these figures, it is clear that 
ours gives the results that fit into the experimental results 
while Yamaguchi's model does not. Therefore, we conclude that our 
mobility model is extremely good. 

references 
[1]K.Yamaguchi:IEEE Trans.Electron Devices,VOL.ED-30 (1983) 658. 
[2]A.Hiroki, S.Odanaka, K.Ohe an̂ .̂ H.Esaki:IEEE Electron Device 

Letters,VOL.EDL-8 (1987) 231.-
[3]S.Takagi, M.Iwase and A.Toriumi:lEDM Tech. Digest (1988) 398. 
[4]S.A.Schwarz and S.E.Russek:IEEE Trans.Electron Devices, VOL. 

ED-30 (1983) 1634. 
[5]H.Brooks and C.Herring:Phys. Rev. 83 (1951) 879. 

76 



10' 
10 

> 

E 
u 

10' 

o 

lU 10* 
> 
H-
O 
UJ 
UL 

10' 

20«I0" 

PRESENT MODEL 
O TAKAGIS DATA 

2.4«10" 

10' 10° 10 ' 10 ' 

EFFECTIVE NORMAL FIELD (V/cm) 

0 0.05 0.1 0.15 0.2 0.25 

DEPTH (iJm) 

Fig. 3. Channel profiles of the 
devices for two types of doping 
energy. Solid line is lOkeV, 
IXIO-*-̂  cm~^ and Dashed line is 
50keV, 3X10^2 ciii"2. 
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Fig. 2. Effective mobility versus 
effective normal field with using 
the Yamaguchi's mobility model. 
The effective mobility decreases 
with increasing the substrate 
concentration and the universal 
curve cannot be predicted. 

Fig. 4. Transconductance gm as 
a function of the channel dose. 
Experimental data, calculation 
results with using the present 
mobility model and results with 
using the Yamaguchi's model are 
given. 
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Fig. 5. Drain current versus 
gate voltage at a drain voltage 
of 0.1 V for O.yim channel length 
MOSFET. 
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