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optimization is a very important step in
device development. Circuit simulator as a
CAD tool has been extensively used at
various design stage. In the flash memory cell,
transient behavior is one of the most
important characteristics. To form the basics
of transient analysis and to fully understand
flash memory device operation, an analytica
gate current model is needed first. In addition,
for simulating circuit operation of flash
memory cells, an accurate drain current
model is aso required. Moreover, the
program/erase cycling stress is known to
cause a fairly uniform wear-out of cell
performance, which eventually limits flash
memory endurance. Oxide damage generated
after cycling will result in cell programming
speed retardation and the operation window
closure.

In this work, a complete SPICE
model for Flash memory has been
developed. It includes a gate current
analytical model, a drain current model,
transient analysis, and device degradation
model. In the first part, the gate current



model includes the CHEI (Channel Hot
Electron Injection) programming current
and channel FN-erase current model. In
the second part, a method to determine
capacitive coupling ratio was first
developed, on which the drain current
model is based. And hence, the floating
gate voltage can be calculated more
accurately and a more complete drain
current model can thus be established. In
addition, the threshold voltage shift as a
result of the trapped charges will also be
taken into account. In the third part, by
incorporating the results of the above two
parts, the transient characteristics of
threshold voltage shift during
programming and erase can be simulated.
Finally, the stress induced interface states
and oxide charges has also been
incorporated into the gate current and
drain current model for predicting the
endurance and memory cell or circuit
degradations after long term P/E cycling.
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Table 1 Equations of the present flash memory 1-V mode.
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Table2 Equations of the gate current model and FN current model.
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Ta% gl 3 Equations of the gate current and FN current degradation
model.
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Fig. 5 The modeled and measured channel hot electron
injection (gate) current of aflash memory cell.
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