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In this letter, an accurate method for extracting the critical field Ec in short channel
MOSFET’s is presented. The principle of this method is based on the comparison
between two models which g.ive drain saturation voltage evolution against gate
voltage Vdsat(Vg) continuously. The results obtained by this technique have shown
better agreement with measurements data and have allow in the same time to
determine the validity domain of Sodini’s law [1].
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1. INTRODUCTION

The effect of velocity saturation on the electric characteristics in short
channel MOSFET’s has been the subject of several recent studies
[2,3]. However, most of the existing methods of Ec and Vst extrac-
tion, Vat being saturation velocity, doesn’t allows to relate clearly
drain saturation voltage to velocity saturation. On the other hand,
the application of thornber’s equation (l:sat--eff" Ec) [4], where eff
is the effective mobility, suggest a precise determination of/fr and
Ec values.

In a previous paper [5], the present authors proposed a new model
to characterise drain saturation voltage in short channel MOSFET’s
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based on measurements of the partial derivative of impact ionisation
rate which has allowed to find Vdsat(Vg) characteristics continuously.
According to this method and the analytical model of drain saturation
voltage given by Sodini [1], a novel technique for determination of the
critical field is presented.

2. EXTRACTION METHOD FORMULATION

Drain saturation voltage is given by the following analytical
expression:

Ec. L. Vg- Vt)Vdsat(Vg) (1)ec. + vg- vt

where Vt, Ec, L are threshold voltage, the critical field and the channel
length respectively, we note that Vt is determined using the method
described in [6]. The second model which give Vdsat(Vg) continuously
can be expressed such as [5]:

/ovgta ]Vdsat Vg
Vt O lk-----,]tIsub

\

/ova
(2)

where Id is the drain current and Isub represent the substrate current.
Vd being the drain voltage. From Eq. (1) we define the function F as
follows:

Vg) + -ff- Vg Vt) (3)F(Vg)=
/OVdsat
V

On the other hand, using Eq. (2), Vdsat derivative on Vg can be
obtained simply such as:

O Vdsa......_t
O \---1 (4)
(Isub/ovdovg o
k
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The plot of F(Vg) against (Vg-Vt), using Eq. (4) for F(Vg) values
determination, leads directly to the critical field value and provide
a simple manner of testing the adequacy of Vdsat law of Eq. (1) and it’s
validity domain.

3. RESULTS AND DISCUSSION

The previous analysis is applied at room temperature to N Channel
MOSFET devices, with channel width W is 50tm. The channel
lengths are in the range 0.3-1.5 tm, the channel doping Na ranging
between 105 and 1016/cm3, the oxide thickness tox is 15 nm.
The Figure show the application of the partial derivative

method [5] in comparison with chan et al. [7]. As seen in this figure,
the partial derivative method can be used successfully to found
Vdsat(Vg) characteristics continuously for short channel lengths. In
Figure 2 is displaying typical F(Vg) characteristics representative for
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FIGURE Vdsat(Vg characteristics for 0.3 Ixm channel length at T= 300 K.
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FIGURE 2 Evolution of the function F against gate voltage Vg for L -0.9 and 1.5 tm.

two different channel lengths, L =0.9 and 1.5 ttm. As shown in this
figure, these plot exhibit, in agreement with our analysis, an ex-
cellent linear dependence with gate voltage, it should be mentioned
that this test of linearity, which indirectly confirms the validity of
the method has been successfully completed on other channel
lengths but not smaller than 0.6 ttm because the domain validity of
Eq. (1) is found to be limited in the range 0.6-1.5 tm. The extracted
value of Ec is 2,45. 106V/m for L-0.9txm and 2,5. 106V/m for
L-1.5 tm which is in very good agreement with literature results
which indicate that Ec is almost constant with channel length. For
L-0.3 ttm (Fig. 3), the plot linearity is not clear, this can be ex-
plained by the fact that our approach is based on Eq. (1) which
itself based on a simplified considerations. On the other hand, the
partial derivative method allows a good description of Vd,at(Vg)
evolution even for very short channels. Therefore, the extracted
value of Ec in this case is not done because Eq. (1) doesn’t take
into account rigorously of the non linear dependence of drift
velocity on the electric field and can not be used reliably to describe
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FIGURE 3 F(Vg) characteristics for L 0.3, 0.9 and 1.5 lam.
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FIGURE 4 Measured and theoretical Vdsa against Vg for MOSFET’s with L=0.9
and 1.5 gm channel lengths.
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Vdsat(Vg) evolution for very short channel lengths. In Figure 4 is
shown the application of the partial derivative model and Chan
et al. method for Vdsat determination in comparison with Sodini’s
law after Ec extraction. The superposition of data justify in the
same time the Ec extracted values and the method extraction va-
lidity in the considered range of lengths.

4. CONCLUSION

In this work an accurate method for determination of the critical field
in short channel MOSFET’s has been presented. It has been demon-
strated that the application of Sodini’s law for Vdsat determination
must be preceded by a precise evaluation of Ec. On the other hand this
method can be advantageously used to provide a simple manner for
verification of Eq. (1) validity domain, therefore allowing a novel way
for extracting saturation velocity.
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