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Abstract

We propose device structures of ultra thin FD SOI MOSFETS for very low power applications. In
order to design such devices, a novel scaling methodology for FD SOI MOSFETs has been developed
and a scaling scenario to the deep sub-0.1 L regime is shown. The short channel effect is suppressed
by ultra thin SOI film and the steep subthreshold slope is achieved by thick buried oxide. It is also
shown by means of 2D-device simulation that FD SOI MOSFETs will be miniaturized further than bulk
MOSEFETs without degrading the steep subthreshold slope and increasing V4 fluctuations, even if the
gate oxide thickness is not scaled.

1. Introduction

Fully depleted (FD) SOI MOSFETs are attractive for very low power applications due to low
parasitic capacitances and a steep subthreshold slope. These merits come from the existence of a buried
oxide. The scaling of FD SOI MOSFETs is also promising because the channel depletion width can be
limited by the SOI thickness. Several scaled SOI MOSFETSs have been proposed or fabricated, and their
performances have been confirmed [1-4]. However, they are not suitable for low power applications
because the subthreshold slope has been greatly degraded and parasitic capacitances have increased due
to thin buried oxide. In this paper, we propose device structures of uitra thin FD SOI MOSFETs for very
low power applications. Special attention has been paid to the degradation of the subthreshold slope.

2. Ultra Thin FD SOI MOSFETs

Fig. 1 shows the proposed device structure of a 0.05 pm channel length FD SOI MOSFET.
Short channel effect is suppressed by the ultra thin SOI. The non-doped channel reduces Vi fluctuations.
To realize the steep subthreshold slope and low parasitic capacitances, buried oxide thickness remains
thick. Key processes of FD SOI MOSFETs are the reduction of S/D resistance and the gate material for
Vth adjustment. The S/D resistance is reduced by the selective Si epitaxial growth and the subsequent
silicide [4,5], and mid-gap material [6-8] is utilized for the gate electrodes as shown in Fig. 1. The pro-
posed device structure is based on the scaling scenario we have developed for low power FD SOI
MOSFETs. The detailed scaling methodology and the comparison with conventional bulk MOSFETSs
are described in the following sections.

3. Scaling Methodology for FD SOI MOSFETs

Fig. 2 shows a schematic view of FD SOI MOSFETs. We considered four device parameters; gate
oxide thickness (¢7x), SOI thickness (sor), buried oxide thickness (Zsx), and channel doping concentra-
tion (NV,4). As shown in Fig.3, subthreshold swing (S) is roughly determined by the ratio of frx tO fpex.
To realize S lower than 65 mV/dec, ;0. should be more than ten times as thick as #,. To understand the
degradation of S by the short channel effect (SCE), we have derived the potential at the back interface
by solving a 2D Poisson’s equation analytically. Here, we have introduced the natural length (4) {9-11]
and modified for the ultra thin FD SOI MOSFETs.
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Fig. 4 (a) shows the simulation [12] results of § degradation by SCE for four generations below 0.1 um
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listed in Table 1. When L4 is normalized by A, the degradation of S shows a universal curve as shown in
Fig. 4 (b). It is found that S is always 80mV/dec when L. = 6. This means that #;,, and #so; only have
an influence on SCE of FD SOI MOSFETs and that SCE can be suppressed even if 1, is thick.

Fig. 5 (a) summarizes the scaling scenario of FD SOI MOSFETs to the deep sub-0.1 pm regime
developed by the above mentioned analytical results. A criterion of SCE is set to S = 80mV/dec (i.e. L
= 64). Each curve corresponds to S = 80 mV/dec. In the lower left region of each curve, SCE can be
suppressed in each generation. Scaling of ¢7,, and V, is assumed as shown in Figs. 5 (b) and (c). At L.¢
shorter than 0.15 pm, #,, is assumed to remain 30 A by the direct tunneling limit. This result shows that
the FD SOI MOSFETS can be scaled by thinning ¢5o; even if the ¢ is constant. The constant ¢, scaling
doesn’t enhance the speed greatly, but it can reduce power consumption drastically compared with the
conventional scaling.

4. Comparison with Bulk MOSFET’s
A. Short Channel Effect

When gate oxide thickness (t,) does not scale as shown in Fig. 5 (b), SCE of bulk MOSFETs can
be suppressed only by the reduction of the channel depletion width and S/D junction depth (X)). Fig.6
shows S vs. Ny for long channel bulk MOSFETs. Although SCE can be suppressed, increasing N4 (i.e.
decreasing the channel depletion width) degrades S of long channel bulk MOSFETSs when ¢, is constant.
Fig. 7 compares the degradation of S in bulk MOSFETSs (constant N4) with FD SOI MOSFETs. The
device parameters are shown in Tables 1 and 2. In the 0.1 yum generation, bulk MOSFETs show better
SCE than FD SOI MOSFETSs [1,7]. In the 0.03 um generation, however, bulk MOSFETs show worse
SCE than FD SOI MOSFET:. This is because the channel depletion width is not scaled in butk MOS-
FETs with constant N4. In FD SOI MOSFET:, the channel depletion width is scaled with ¢50; and the
degradation of S is suppressed even if N, is non-doped.

B. Vth Fluctuations

In FD SOI MOSFETS, Vih is controlled by N4 within a range of fully depletion. However, to
adjust Vih to a proper value in case of the N poly Si gate, higher Ny is required with the scaling and
causes the problem of Vth fluctuations. Fig.8 shows calculated Vih fluctuations of FD SOI MOSFETs as
a function of L.g. The statistical variation of channel dopant number [13] and the process variation of fso;
are considered. Vzh is set to the value in the inset. Vzh fluctuations increase with scaling down the device
sizes. On the other hand, FD SOI MOSFETs with non-doped N4 would reduce VA fluctuations drasti-
cally, because Vih is determined only by the work function difference. Therefore, FD SOI MOSFETSs
should be miniaturized with non-doped N,4 rather than high N4, and VzA should be adjusted by midgap
material for gate electrode.

5. Conclusions

We have proposed device structures of ultra thin FD SOI MOSFET: for very low power applica-
tions. In order to design such devices, a novel scaling methodology for FD SOI MOSFETs is developed
and a scaling scenario to the deep sub-0.1 pm regime is shown. Scaling of the gate oxide thickness and
the SOI thickness is essential. The ultra thin SOI film suppresses the short channel effect and the thick
buried oxide achieves the steep subthreshold slope. Using the proposed methodology, we have shown
that, unlike bulk MOSFETs, FD SOI MOSFETs will be miniaturized further by thinning the SOI thick-
ness without degrading the steep subthreshold slope and increasing Vih fluctuations, even if the gate
oxide thickness is not scaled.
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Fig.1 The proposed device structure of a 0.05um FD SOI MOSFET. Short channel effect is suppressed by
the ultra thin SOI. The steep subthreshold slope and low parasitic capacitances are realized by the thick
buried oxide. The non-doped SOI reduces Vth fluctuations.
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Fig.2 Schematic of FD SOI MOSFETs. 2
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Table.1 Device parameters of FD SOI MOSFETs o
below 0.1um. They are based on Fig.5 (a). §
type A type B type C type D -
tox 30A -— -— -— _9__3
so1 | 162A 98A 58A 244 @
thox 1000A - - -
Na [l1x1015 em3 - - —
Nsub 1x10'5em3 hae hae b
Vds 1V 0.84V 0.71V 0.55V
0.1um 0.07um 0.05pm 0.03um
Generation | Generation | Generation | Generation
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Fig.3 The dependence of S on f7,, and tp,y. To
realize S lower than 65 mV/dec, ¢, should be more
than ten times as thick as 5,y
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(b) S vs. normalized Lg by A. S is always
80mV/dec when Lg = 6A.

Fig.4 Degradation of S by the short chanpel effect.
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SOI MOSFETS can be scaled by thinning 5o, even if the 7, is constant.
Fig.5 Scaling scenario of FD SOI MOSFETs to the deep sub-0.1m regime.
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Fig.6 S vs. N4 for long channel bulk MOSFETs. Increasing
N, (i.e. decreasing the channel depletion width) degrades
§ of long channel bulk MOSFETSs when #,, is constant.
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Fig.7 § vs. Lg of FD SOI and bulk MOSFETs
shown in Table.1 and 2. In the 0.03 um generation,
bulk MOSFETs show worse SCE than FD SOI
MOSFETs.
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(c) Scaling scenario of V.

Table.2 Device parameters of
bulk MOSFETSs below 0.1pm.
Xj equals to f5p; in Table.1.
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Fig.8 Vth fluctuations of FD SOI MOSFETs with
N* poly gate. The fluctiations are greatly reduced
in the FD SOI MOSFETs with non-doped SOI and
the mid-gap gate material.





