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ABSTRACT

Threshold voltage shift occurring during operation is implemented in a SPICE simulation tool. Among the shift

models the stretched-exponential function model, which is
thin-film transistors regardless of the nature of causes, is

frequently observed from both single-crystal silicon and
selected, adapted to transient simulation, and added to

BSIM4 developed by BSIM Research Group at the University of California, Berkeley. The adaptation method used in
this research is to select degradation and recovery models based on the comparison between the gate and threshold

voltages. The threshold voltage shift is extracted from

SPICE transient simulation and shows the stretched-

exponential time dependence for both degradation and recovery situations. The implementation method developed in

this research is not limited to the stretched-exponential function model and BSIM model. The proposed method

enables to perform transient simulation with threshold voltage shift in situ and will help to verify the reliability of a

circuit.
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Table 1. BSIM4 instance and model parameters

MN1 NMOS L=10U W=50.0U AD=100P AS=100P
PD=40U PS=40U vthShifterID=TR1

.MODEL NMOS NMOS version=4.8.1 LEVEL = 14
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Fig. 1. Time evolution of threshold voltage from the
stretched-exponential model with 7 = 500 sec ,
B = 0.5 added to BSIM4 transistor model.
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Fig. 2. The time evolution of threshold voltage from the
dynamic stretched-exponential model with 74,4, =
500 sec, Bgeg = 0.5, Trec = 5000 seC, Brec =
0.5 and with pulsed gate voltage alternating from 0
to3 V.
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Table 2. Stretched exponential function parameters. Deg
stands for degradation and rec for recovery mode.

Tdeg. ﬁdeg- Trec Brec
SE model 1 500 0.5 5,000 0.5
SE model 2 2,000 0.8 2,000 0.5
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