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The RPI TFT and MOSFET Level 1 models, based on the simplest quadratic Shockley's MOSFET model, are used, for example, in AIM-Spice, Cadence PSPICE, Synopsys 
HSPICE, and Silvaco SmartSpice circuit simulators. These models use channel-length modulation parameter λ to account for non-zero differential conductance after 
saturation due to Channel Length Modulation (CLM), Drain Induced Barrier Lowering (DIBL), and self-heating (SH) effects. This is done by multiplying the expression 
for the drain current by the 1+λVDS  factor, where VDS  is the drain-to-source bias. However, this traditional approach suffers from non-monotonic behavior of the 
differential conductance with increasing drain-to-source bias. For example, we found that if the differential conductance after saturation equals 25% or 50% of its value 
in the linear regime, the maximum differential conductance reaches 108% or 124% of its value in the linear regime, respectively. However, to be useful in analog circuit 
simulations, the compact model should accurately reproduce the output conductance. To overcome this disadvantage of traditional models, we offered a new approach 
that gives the correct monotonic decrease of the differential conductance. This new approach can be applied also to BSIM3 and BSIM4 models. In addition, we have 
generalized the improved model into the extrinsic compact model that accounts for the source and drain series resistances analytically.
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● Non-monotonic behavior of the differential conductance in 
the case of the α-Si RPI TFT model
● The RPI TFT model is intrinsic initially and doesn't 
account for the source and drain series resistances 
analytically. 

Dashed lines are for the traditional a-Si RPI TFT model with account of 
the self-heating effect. Solid lines are for the improved model  [1]
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● Linear regime: ● Saturation regime:

●  Intrinsic case.  We introduce a new asymptotic 
"after saturation" equations for the drain current:
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● We have convenient for calculations 

equation for the drain current for 
both, Intrinsic and Extrinsic cases:
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● Extrinsic  case.  Relations 
between extrinsic and intrinsic 
drain-to-source and gate-to-
source voltages [2]:

● Extrinsic case. Linear regime:
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● Extrinsic case. Saturation regime:
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● If I*  >  Isat :
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●  Intrinsic case.  Equations for the drain current 
in the Improved RPI TFT Model:
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● If I* <  Isat : I *=Isat , V *=V sat
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