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Abstract: - An analytical study of drain induced barrier-lowering coefficient in short channel
MOSEET is presented. Analysis shows that the DIBL-coefficient is a non-linear decreasing function
of drain-source voltage. This makes the resulting shift in threshold voltage to behave similarly. The
threshold voltage-shift can be reduced by decreasing oxide thickness and increasing the substrate
doping. The DIBL-coefficient decreases with increase in temperature and this decrease is more

pronounced in short channel devices.
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1 Introduction

The threshold voltage of a MOSFET is known
to vary with drain-source voltage, V¢ [1-6],
because of drain-induced barrier lowering

(DIBL). Most of the analytical works considered
this shift in threshold voltage (with change

inV,,) for constant effective channel length.
Theoretical as well as experimental observation
shows that for constant effective length the
threshold voltage shift is linearly related to V.
The rate of change of threshold voltage-shift
with V¢ is known as the DIBL-coefficient, o .

Both theoretical and experimental studies
show that for constant effective length, the
DIBL-coefficient is independent of V. When

a MOSFET, operates with variable VDS , channel

length modulation makes the effective length to
vary. Thus, it is of interest to know the influence

of Vs on DIBL-coefficient of an individual

MOSFET. An accurate estimate of the shift in
the potential minimum is especially important
since the channel current is exponentially
dependent on the barrier height.

The purpose of this paper is to analyze the
dependence of DIBL-coefficient and threshold
voltage-shift of an individual MOSFET as its
drain-source voltage. The influences of some
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technological parameters are also examined.

2 Theory

The threshold voltage shift in terms of DIBL-
coefficient 0 and V) is
AV, =—0V,. ey
The DIBL-coefficient is given by [1]
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where 7 is the sub threshold ideality factor, ¥

is a constant (on the order of 0.5) which
accounts for the charge sharing in depletion

region, L is the gate length, x is the source-

channel depletion width, x, is the drain-channel
depletion width, dj,’ep is the depletion width at

zero drain-source bias and A is a parameter that
accounts for the effect of gate oxide thickness
on depletion layer width.

These parameters can be expressed by
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where ¢, is the gate oxide capacitance,c,,, is

the depletion layer capacitance, l//;) is the
constant potential at the semiconductor-insulator
interface at zero drain bias, N, is the acceptor
doping density in the substrate,€ is the
dielectric permittivity of the semiconductor, &, is
the electrical permittivity of the insulator, v, is
built-in-potential, f,, is the thickness of the gate
oxide, and ¢, is the bulk potential. For the
gate-source voltage V; and zero drain-source

bias threshold voltage V., , the parameter V. is
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Combining (10) and (3)-(8)
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o as a function of V¢ can be obtained by

solving (15).
3 Results and Discussion

To analyze the V¢ dependence of o, the case

of an n-channel MOSFET, characterized by the
parameters given in the Table 1 is considered.

Tablel. MOSFET Parameters

£, 1.04E-10  Fm’

& 3.36E-11 Fm’!
N, 7.00E+22 m*

n; 6.50E+14 m’

tox 8.6 nm

Vo 0.2884 V

n 1.196

Figure 1 illustrates the variation of DIBL-
coefficient with drain- source voltage. 0 is a

non-linear function of V,,, and it increases as
V,s is increased. Furthermore the increase in
o is more pronounced in the higher regime of
Vps - The concept of V. independent o is
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Fig. 1. Variation of DIBL-coefficient with drain -
source voltage for different channel lengths.



valid in the lower regime of drain-source
voltage.

Figure 1 also shows the expected channel
length dependence of O, that is it is higher for
devices of shorter channels. The slope of the o -
V,s characteristics is relatively higher in a

device of short channel.
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Fig. 2. Threshold voltage shift as a function of
drain bias for different channel lengths.

The effect of non-linear variation of O with
Vs results in a non-linear relationship between

the threshold voltage-shift, AV, and V.
Figure 2 shows that in the higher regime of

Vv

ps» @ large swing in AV, may result for a
small change in V. The AV, swing is larger
in cases of a short channel. The non-linearities
inthe -V, and AV, -V ¢ curves shows that
0 determined from AV,-V

effective channel length as the parameter does
not yield a correct picture of DIBL-effect on
threshold voltage.
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Fig.3. Shift in threshold voltage as a function

of effective channel length with Vg as the

parameter.

Figure 3 shows the logarithmic plot of AV, as

obtained from (15). This is in agreement with
experimental results of Chung et al. [2].

The dependence of O on oxide thickness and
substrate doping concentration are shown in
Figure 4. Significant reduction in threshold
voltage shift can be achieved by decreasing

oxide thickness, f  or increasing doping

ox

concentration, N
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Fig. 4. Variation of threshold voltage shift with
oxide thick- ness for different doping

Fikry et al. [4] showed that the DIBL
parameter is almost independent of temperature
between 50 and 300K but it is not so in our case.
It is observed that the O decreases with
increase in temperature and this decrease is
more pronounced for short channel devices.
Figure 5 shows the variation of o with
temperature. This is because of the variations of
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Fig.5. DIBL-coefficient versus temperature for
different channel lengths.



the 7, w?, and V,, with temperature. This is in
agreement with experimental results of Ghitani

[5].
4 Conclusion

The dependence of DIBL-coefficient and
threshold voltage-shift due to drain-source
voltage variation is analyzed. It is found that
the DIBL-coefficient being a non-linear function
of drawn gate length, the threshold voltage-shift
varies non-linearly with drain-source voltage.
Furthermore, the threshold voltage shift can be
controlled by proper selection of gate oxide
thickness and substrate doping. Also, it is
observed that the DIBL-coefficient decreases
with increase in temperature and this decrease is
more pronounced for short channel devices.
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