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The sub-threshold current conduction in MOSFETs
has already been discussed in a great detail in
literature. Improvement of sub-threshold current
slope of MOS devices still remains a concern due to
static power dissipation in dynamic circuits and
standby CMOS power consumption. Here, we
propose a long channel MOSFET structure with
larger effective channel thickness and a mathealatic
model to represent it, which reduces the magnibfde
sub-threshold current to pico ampere level. However
inclusion of oxide charges, mobile ions and
interfacial traps increase it to nano ampere range.

The diffusion current through the channel in sub-
threshold region of operation can be derived ih® t
following equation [1],
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Where, g is equal tokq—T, Vp is the drain voltagey

is the surface potentiaky is the effective channel
thickness and all other parameters bear the usual
meaning found in the literature.

To find out the relation between potential and
depletion depth, at first 1-D Poisson equation is
solved at the surface charge region. The solution
gives potential as a function of the distance altireg
depth of the depletion region (fig.1). A tangest i
drawn in fig. 1 ax=0,y =y. It is assumed that the

intersection of the tangent withaxis is the effective
channel thickness which is larger than the previous
assumption in [1]. Substituting the new effective
channel thickness in (1), current is found to be,
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The resultant sub-threshold current is shown infig
Effects of fixed oxide charge, mobile ion [2] and
interfacial traps [3] are included in (2) because
Ves= st ot dus Ve is replaced by =Vt AV,
where 4Vgg accounts for changes in gate voltage
due to non-ideal effects [2]. Fig. 3 shows the
comparison between sub-threshold conduction in
ideal and non—-ideal MOSFET. Change¥/gg due to
oxide charges, mobile ions and interfacial tregre

calculated from corresponding formulas[2-3].
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Fig.1. Potential vs. depletion width curve
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1 Doping concentration=10'%cm®,
< Intrinsic Carrier=15%10'%m,
- Surface potential=18KT/q,

I WiL=15.
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Fig.2. Sub-threshold Current Vs. drain voltage
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Fig. 3.Sub-threshold conduction at ideal and n@aiidondition
vs. drain voltage
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