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1 .Introduction 
A circuit simulator which has a device model with the capability of precise description of the electric 

characteristics of amorphous-silicon thin-film transistors (TFT) is required to efficiently design and analyze 
liquid crystal display (LCD) panels. The bulk crystalline silicon MOSFET model implemented in SPICE is 
not suited for TFT's, the characteristics of which are affected by the distributed nature of the localized 
states. Several modeling approaches, in which the distribution of the states in the energy band gap is taken 
into account, have already been reported[ 1],[2]. However, these models cannot accurately predict the 
performance of devices with different bias conditions or geometries, because of the ignorance of the bias 
dependent resistivity in the active layer, especially at the source and drain edge. And such behavior of the 
parasitic resistance is the feature common to inverted staggered TFT's, and it plays an important role in the 
device modeling. In this paper, a new analytical DC model including the modulation effect of the resistivity 
is presented, and the accuracy of the model is shown by excellent comparisons with the experimental data. 
2.Model 

A schematic representafion of the equivalent circuit model for the TFT is shown in Fig.1. (R,+RSo) and 
(Rd+Rdo ) denote the source and drain series resistances, where Rso, Rdo include the contact component and 
remain unchanged, and R,, R, include the active layer and vary with the external bias conditions. The model 
description to characterize these variable resistances is derived by the derivative of the current equation for 
the n-i-n diode model and is given by 

R, =Rd{ROKx(Vs~~st)l/" + 1 } (1) 
Rd =Rd{R&,(vd,)" " -k 1 } (2) 
Kx=qKoWLp ,u ,,N,( 1/ a 4- 1)( E ,/kgdTd)l/ " T,i-(2/ " +l)  (3) 
ff =T/Td (4) 

where Ro is the intrinsic maximum resistance inserted parallel to the differential resistance; W is the channel 
width; KO is the fitting parameter to correct the two dimensional effect; L, is the effective length of the 
diode; ,u is the band mobility; N, is the density of the states in the conduction band; q is the electronic 
charge; E , is the dielectric constant of the semiconductor; TSi is the thickness of the active layer; gd is the 
states distribution; k is the Boltzmann constant; T is temperature; and Td is the characteristic temperature of 
the localized states. In the circuit equation, the above (R,,Rso) and (Rd,Rdo ) are respectively lumped 
together, so the internal nodes (S',D') are not generated. And the expression of the non linear current source 
(Id,) shown in Fig.l, which describes the effect of the distributions of the states and the channel length 
modulation, is newly developed and has the property of the smooth transition between the different 
operation regions that is suitable for circuit simulation programs. 
3.Results and Discussion 

Physical validity of the new model is confirmed by the bias dependence of the source and drain series 
resistances shown in Fig.2, in which the data, extracted by the method of [3], are plotted against the 
effective gate drive voltage (V,,-V,,) for several values of the drain voltage. The resistance increases at 
lower gate andor drain bias due to the smaller voltage drops across R, and Rd, and gradually approaches the 
value of (Ro+Rs0). In the previous model[2], the n-i-n diode is used as the equivalent current source for the 
gate length shortening in the saturation region and therefore cannot explain the behavior of series resistance 
in the small drain bias region. 

The measured (diamonds) and calculated (solid lines) Id,-vd, and Ids-Vgs characteristics are compared in 
Fig.3, and very good agreement is found in both the linear and the saturation region through devices with 
different channel lengths. The parameters necessary to the calculation are optimized by data fitting and 
summarized in Table. 1. The dashed lines shown in Fig.3-2 and Fig.3-4 denote the calculated characteristics 
using the conventional constant series resistance model as the reference. 
4.Conclusion 

A new analytical drain current model including variable series resistance for the a-Si:TFT is presented. 
Results calculated by the model show very good agreement with experimental results for all operating bias 
conditions and indicate the scalability over different device geometries. 
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Fig. 1 Equivalent circuit description of the presented 
a-Si:TR model. 

Table. 1 Model parameters of the a-Si:TFI'. 

Ro = 4.10X IO6 [ n] ,U 2.05 X lo1 [cm2/Vs] 
R, = 1.20X lo6 [MI 
Rd = 1.20x Io6 [ a ]  
Kg = 1.0 [-I 
L~ = 1 . 0 ~  10-6 [m] 

N, = 1.04X I O l 9  [ ~ m - ~ ]  
E = 1.OX 10-l' [F/m] 

T , ~  = I.OX 10-7 [m] 
gd = 5.0X 1018 [cm-3ev-l] 
TA = 1.20X lo3 [K] 
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Fig.3- 1 Comparison of measured and calculated 
Ids-v characteristics for the 10 ,U m channel 
lengtl? device. 
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Fig.3-3 Comparison of measured and calculated 
Ids-vgs characteristics for the 30 ,U m channel 
length device. 
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Fig.2 Gate and drain bias dependence of the 
source and drain series resistance. 
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Fig.3-2 Comparison of measured and calculated 
Ids-vds characteristics for the 10 ,U m channel 
length device. 
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Fig.3-4 Comparison of measured and calculated 
Ids-vds characteristics for the 30 ,U m channel 
length device. 
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