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ABSTRACT

Measurements were performed in thin film SOI MOSFET and it was observed a
transition region larger than the theoretically expected in the subthreshold Slope vs. back gate
voltage when the silicon film/ buried oxide interface changes from depletion to accumulation.

MEDICI numerical bidimensional simulation were realized in order to analyze this
transition region. Through the channel depletion depth it was possible to note that there is a
back gate voltage range where the back interface is not depleted from source to drain,
depending on the front gate voltage, which influences strongly the determination of the
subthreshold Slope resulting a non-abrupt transient region.

1- INTRODUCTION

The SOI CMOS technology has presented many advantages over bulk CMOS as
improved subthreshold Slope, high transconductance and suppression of the latch-up [1].

The subthreshold Slope is an important parameter to have good performance of the
transistor mainly in low voltage and low power operation and also to obtain process parameter
like traps interface density (Nit) [2,3,4].

The SOI MOSFET cross section is shown in the figure 1.
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Fig. 1 - The SOI nMOSFET cross section.

In thin film SOI MOSFET, where silicon film thickness is lower than the maximum
depletion depth (tsi< dmax), the back voltage value is very important to define the condition of
back interface. If the back interface is depleted the transistor has low subthreshold Slope,
around 60 mV/dec, but if the back interface is accumulated the subthreshold Slope increases to




around 100 mV/dec[5].The ideal behavior can be seen in figure 2 where the influence of the
back gate voltage in the subthreshold Slope and the front threshold voltage (Vtf) are shown.
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Fig. 2 - Ideal Vtfand subthreshold Slope vs. back gate voltage (Vgb) curve.
2 - BASIC MODELS

The subthreshold Slope is the inverse rate of the drain current change by the gate
voltage. The expression of the subthreshold Slope is given in equation 1.
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For fully depleted SOI MOSFET the correction factor C can be approximated by

q/KT[5].
In bulk MOSFET, the equation of the gate voltage is given by eq. 4 [6] and the result
of the subthreshold Slope can be seen in eq. 5.
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where Cit is the interface traps capacitance, Cd is the depletion capacitance and Cox is
the gate oxide capacitance.
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In SOI MOSFET’s the equations 1,2 and 3 are also valid. For thick film SOI MOSFET
(tsi>2dmax) the subthreshold Slope is the same that in bulk MOSFET but in thin film
(tsi<dmax) it depends on the condition of the back interface.

If the back interface is depleted, there are a strong interaction between the front and
back interface, which was modeled by Lim&Fossum [7] and taking in consideration the
interface traps capacitance [5] is given by eqs. 6 and 7.
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where Citf = gNitf, Citb = gNitb, Nitf and Nitb are the interface traps density of the front and

back interface respectively and other parameter following the reference [5].
The expression for subthreshold Slope, with the back interface depleted (Sdepl) is

given by eq. 8.
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If the back interface is accumulated the subthreshold Slope is equal to the bulk
MOSFET except for the replace of the depletion capacitance (Cd) to silicon capacitance (Csi).

The expression for subthreshold Slope with the back interface accumulation (Sacc) is
given by eq. 9.
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3 - EXPERIMENTAL

The SOI devices used were edgeless nMOSFET’s to avoid the influence of the parasitic
edge transistor. The gate oxide thickness (toxf), silicon film thickness (tsi) and buried oxide
thickness (toxb) were approximately 15, 70 and 390 nm, respectively. The channel doping
concentration was approximately 1 10'” ¢cm™. .

Figure 3 shows Id vs. Vgf curves for different back gate voltage (Vgb) in SOI
MOSFET with L=1,5um and W=36um. This measurement was realized using the HP4145
with LONG integration time for elimination of the transient behavior [8]

The subthreshold Slope was obtained from the extrapolation line between the drain
currents from 10-8W/L to 10-10W/L [9] and the front threshold voltage (Vtf) was got by the
second derivative method [10].

Figure 4 shows the subthreshold Slope and Vtf vs. Vgb, and can be seen the not abrupt
transition region between the Sacc and Sdepl which is not modeled in equations 8 and 9. Ref.
[4] considers this transition region due to a variation of Nitb.

. We will try to explain this transition region using a numerical bidimensional simulation.




Vap([V]
) = D 5 0
aoo e niteirniesiieccee. - T T
— m = m
om0t =
a—y L. =
168 P 3 < 1w} 0y a7
7 ———— .
i . | —0—Sg= | :
; Dr u s
g 158 : 4 2 5
o e . =
150 5‘ of %
3
1510 r
a "
bt o+ ] 104
Bnf - '
_1';_/'[ r T8
1Bk 1 1 " L L L 1 L I L L L 1
a0 02 o4 a8 as 10 12 14 0 = @ 5 T "
Vif [V Vb[v]

Fig. 3 - Experimental Id vs. Vgf curves in SOI Fig. 4 - Slope and Vtf vs. Vgb in SOI
MOSFET with L=1,5um and W=36 um. MOSFET with L=1,5um and W=36 pum.

4 - SIMULATION AND DISCUSSIONS

Using the numerical bidimensional simulator MEDICI, the SOI nMOSFET was
simulated with toxf=15nm, tsi=80nm, toxb=390nm, Na=1E17cm-3 and L=1pm.

Considering Nitf=0 and Nitb=0 it were obtained the Id vs. Vgf curves for some Vgb,
shown in the figure 5. The figure 6 shows the Slope and Vtfvs. Vgb curves.
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Fig. 5 - Id x Vgf curves simulated in SOI Fig. 6 - Slope and Vtf vs. Vgb curve
nMOSFET with L=1pum and Nit=0. simulated with L=1pm and Nit=0.

It is worth noting that the transition region exists even for Nitf=0 and Nitb=0.

To study this transition region it was observed by simulation the channel depletion
depth at the points Vgb=-6V and Vgf=0,2 ; 0,3 ; 0,4 and 0,45V which is shown in iizure 7. It
can be seen that the back interface is not depleted from source to drain. Therefore the simple
available models (equations 8 and 9) can not be used anymore. An specific model must be
developed to be used in this region.
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Figure 8 - Simulated channel region including the depletion depth for Vgb =-6V and
Vgf=0,2 ; 0,3 ;0,4 ; 0,45V. The x axis is the channel length and the y axis is the silicon film
thickness as shown in figure 1. The Region neutral is shded.




5 - CONCLUSIONS

In this work was studied experimentally and by simulation a non-abrupt transition
region in the subthreshold Slope.

This transient region occurs because the back interface is not depleted from source to
drain and not due to the variation of interface trap density at back interface as reported before.
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