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Abstract

Receantly, a physicad model has been presented which
guantitatively describes the threshold voltage instabili ty,
commonly known as drift, in n-channel Si N -gate and
Al,Os-gate pH ISFET’s [1,2,3]. The origin of drift is
postulated to be aswciated with the relatively slow
chemicd modificaion of the gate insulator surfaceas a
result of exposure to the dedrolyte. The demicd
modificaion of the surfaceis assumed to result from a
transport-limited readion whose rate is modeled by a
hopping and/or trap-limited transport mechanism known
as dispersive transport. The dange in the chemicd
compasition of the insulator surfaceleadsto a deaeeasein
the overall insulator cgpadtance with time, which gives
rise to a monotonic temporal increase in the threshold
voltage. Based on the expresson for the threshold
voltage of an ISFET, Fick’sfirst law of diffusion, and the
dispersive transport theory, the expression for drift is
given by [3]
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where Q, isthe dfedive charge per unit areainduced in
the semiconductor by the various types of charges that
may be present in the insulator, Qy and Qjp,,, represent
the charge stored in the semiconductor depletion layer and
the inversion charge respedively, &, and & are the
dieledric constants of the chemicdly-modified surface
layer, and the pH-sensitive respedively, Xq () is the
final thickness of the modified surfacelayer, T is the
time constant asociated with structural relaxation, and

is the dispersion parameter charaderizing dspersive
transport satisfying 0< 3 <1.

As is evident from the dtached figures, (1) fits the
measured drift data for n-channel Al,Os-gate and Si 3N v
gate pH ISHET’s with a high degree of acaracy (typicd
coefficients of correlation of 0.999) based on optimization
of Xg (), T and B within each parameter’s physicaly
meaningful range. The proposed model can aso be
supparted by independent experimental evidence based on
characterization of complementary (p-channel and n-

channel) ISFET’s. The diredion of gate voltage drift
depends on the sign of the charge termsin (1). While the

sign of Qy and Q,, is determined based on device

polarity, the sign of Q depends on the insulator charge

as well as the density and the nature of surfacestates (i.e.
donor type or acceptor type). Under typicd ISFET

biasing conditions and assuming the value of Q, fallsin

the typical range encountered in CMOS integrated circuit
technology, the gate voltage drift is expeded to occur in
oppasite diredions for n-channel and p-channel pH
ISFET’s. This prediction is to be evaluated based on
measured drift results for complementary ISFET's.
Feasibility of a drcuit technique for corredion of drift
based on the drift behavior of complementary ISFET's
will aso be discussed.
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