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We present a quasi-static compact capacitance model for 
organic thin-film transistors (OTFTs), valid not only in 
the accumulation regime, but also in partial depletion and 
total depletion regimes. The parameters applied in the 
model are analytically extracted from the current-voltage 
characteristics of the devices, using the unified model and 
parameter extraction method [1].  
The total drain-to-source current (IDS) in the OTFT is 
calculated as the sum of the current in the subthreshold  
(Isub) and  above threshold (Ia) regimes. Using the tanh 
function to join both regions, IDS is expressed as [2]: 
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where δ=(VGT - K)Q1 and K and Q1 are fitting parameters, 
and 
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where Ia is the above threshold regime drain-to-source 
current, Vsub is a gate voltage value near to which  the 
exponential dependence of Ia starts, VDS is the gate-to-
source bias, VGT= VGS-VT where VGS is the gate-to-source 
bias and VT is the threshold voltage, and I0 is the 
measured off current at a gate voltage sufficiently below 
VT. S is the subthreshold slope for the transfer 
characteristic in linear regime, calculated from 
experimental data, in the region where the IDS vs. VDS in 
semilogaritmic plot is linear. 
With (1), the expression of the total charge in the channel 
can be obtained according to [3] as follows: 
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where W is the channel width of the device, Ci is the 
insulator capacitance per unit area, γ is the parameter 
associated with the disorder within the material of the 
active layer, dependent on the characteristic temperature 
(T0) of the bulk density of states (gd0) [1] and µ0 
represents the mobility value at VGT = 1 V. The positive 
(negative) sign describes the total charge in the channel of 
a p-type (n-type) OTFT.  
The extrinsic capacitance effect due to the overlap of the 
gate with the source and drain regions is added to the 
calculated intrinsic capacitance above, and it is obtained 
as COVR=WLOVRCi, where W is the channel width of the  
OTFT and LOVR is the overlapping length between gate 
and drain contacts and between gate and source contacts.  

Thus the total gate-to-channel capacitance in the 

accumulation regime and subthreshold is calculated as 
CGGa = CGG + 2COVR.                                                                   
The equivalent capacitance in the depletion regime is then 
obtained from the sum of the series combination of Ci and 
CD, CDeq=(CD·Ci)/(CD+Ci).  

Finally the complete capacitance model is given by the 
sum of the capacitances from the accumulation to 
depletion regimes, joint by a tanh function as follows: 
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where β = (VGT + ∆T)Q2 , and ∆T is the shift in the 
threshold voltage of the C-V characteristic at different 
frequencies, and Q2 is a fitting parameter of the tanh 
function around 3. 
Comparisons between modeled and experimental I-V and 
C-V characteristics of staggered upper contact p-channel 
OTFTs based on P3HT-PMMA show the validity of the 
model at low and medium frequencies, figures 1a and 1b. 
The extracted parameters are shown in Table I. 
 

 
Fig.1. Experimental (symbols) and modeled (solid lines) electrical 
characteristics of the PMMA/P3HT OTFT with insulator thickness 
diPMMA=330 nm and dsP3HT=80 nm: a) Output characteristics, and b) 

Capacitance-Voltage model compared with experimental data. 
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TABLE I. Model parameters extracted from the I-V characteristics of the 

OTFTs under study. 
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