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Abstract-This paper reports the unique
capacitance phenomenon of a 100nm
double-gate (DG) fully-depleted (FD) SOI
NMOS device with the n*/p*  poly
top/bottom gate. Based on the 2D
simulation result, the gate-drain/source
capacitance (Cep/Ces) of the device shows
a sudden fall at the gate voltage of 0.5V due
to the existence of the hole accumulation/
depletion in the bottom channel controlled
by the p* bottom gate.

|I. INTRODUCTION

Double-gate (DG) fully-depleted (FD) SOI
CMOS devices have been receiving a lot of
attention recently owing to their potentials in
realizing sub-100nm VLSI devices [1]-[3]. For
DG FD SOI CMOS devices, in addition to the
n* poly top/bottom gate structure, the n*/p*
poly top/bottom gate has been reported [4]. In
this paper, analysis of the capacitance
phenomenon of a 100nm DG FD SOI NMOS
device with n*/p® poly top/bottom gate is
described. In the following section, the
capacitance phenomenon is depicted first,
followed by analysis and discussion.

[I. Capacitance Phenomenon
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Fig. 1 Cross section of the 100nm DG FD SOI
NMOS device with the n*/p® poly
top/bottom gate structure under study.

Fig. 1 shows the cross section of the 100nm
DG FD SOI NMOS device under study. As
shown in the figure, it has an n*/p® poly
top/bottom gate structure, a gate oxide of
3.5nm and a thin film of 50nm doped with a p-
type density of 5x10*’cm™ above a buried
oxide of 200nm. In addition, a 50nm LDD
region with an n-type doping density of 10*°
cm™ under an oxide sidewall has been used.
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Fig. 2 Cgs and Cgp versus Vg of the DG FD
SOI NMOS device using the n*/p* poly
top/bottom gate, biased at Vp=1V.

Fig. 2 shows the gate-source and the gate-
drain capacitances (Cgs/ Cgp) versus the gate
voltage (Vg ) of the DG FD SOI NMOS device
using the n*/p* poly top/bottom gate, biased at
the drain voltage of 1V. Also shown in the
figure are the results for the device using the
n'/n" and the p*/p* top/bottom gate structures.
As shown in the figure, for the n’/n” case, a
normal capacitance behavior as for the bulk
CMOS device can be seen. On the other hand,
for the n*/p* case, around the gate voltage of
0.5V, a sudden fall in the capacitance (Cgs/
Ccp) curves can be identified, which is unique



as compared to the capacitance
characteristics for the bulk CMOS devices. A
similar fall can also be observed in the Cgs
characteristics of the p*/p* case. This unique
capacitance phenomenon with the sudden fall
around the gate voltage of 0.5V can be
explained using the analysis presented in the
following section.

lll. Analysis of the Capacitance Behavior
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Fig. 3 2D electric field vector distribution in the
100nm DG FD SOI NMOS device with
the n*/p* poly top/bottom gate biased at
Vp=1V and Vs=0.2V/0.7V.

In this section, the unique capacitance
behavior of the DG FD SOI NMOS device with

the n*/p” poly top/bottom gate is explained. Fig.

3 shows the 2D electric field vector distribution
in the 100nm DG FD SOI NMOS device with
the n*/p* poly top/bottom gate, biased at
Vp=1V and Vs=0.2V/0.7V. Note that Fig. 1
shows the case for the device biased at Vp=1V
and Vg=1.5V. Among the three biasing
situations— Vg=1.5V, 0.7V, and 0.2V, a similar
trend on the directions of the electric field
vectors at the left and the right edges and the
center portion of the top n* poly gate can be
seen. In contrast, for the bottom p* poly gate

the situation is different. As shown in Fig. 1 for
the Vs=1.5V case, the electric field vectors are
mostly flowing out the left and the right edges
and the center portion of the p* poly bottom
gate, which indicates positive charge on the
bottom gate. It also implies that negative
charge exists in the buried channel for the
case with Vg=1.5V. While at Vs=0.2V, the
electric field vectors are flowing into the three
boundaries of the p* poly bottom gate, which
means negative charge on the bottom gate
and also positive charge in the buried channel.
For the case with Vg=0.7V, the situation is
between the two extremes.
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Fig. 4 Electric field distribution surrounding the

top (a) and the bottom (b) gates of the
device using the n*/n* and the n'/p*
poly top/bottom gate structures, biased
at Vp=1V and Vg=1.5V, 0.7V, and 0.2V.



Fig. 4 shows the electric field distribution
surrounding the top (a) and the bottom (b)
gates of the device using the n'/n" and the
n'/p* poly top/bottom gate structures, biased
at Vp=1V and Vg=1.5V, 0.7V, and 0.2V. As
shown in Fig. 4(a), for both the n*/n* and the
n’/p* cases, along the left (1), the center (2),
and the right (3) edges surrounding the top n*
poly gate, for the most portion its electric field
is positive, which indicates the electric field
vector is flowing out of the gate. However, at
the gate voltage of 0.2V, at the right edge of
the top n* poly gate near the drain, its electric
field can be negative. For both the n*/n" and
the n*/p* cases, their electric field distribution
surrounding the three edges of the top n* poly
gate as shown in Fig. 4(a) is similar. On the
contrary, the electric field distribution along the
left (4), the center (5), and the right (6) edges
surrounding the bottom poly gate varies. For
the n*/p* case, the electric field is much more
negative in the center (5) near the drain of the
bottom p* poly gate as compared to the case
for the top gate. In addition, even at Vg=0.7V,
the electric field in the center (5) near the drain
could be negative, which is contrary to the
case for the top gate.

IV. Discussion

More insights into operation of the DG FD
SOl NMOS device with the n*/p* poly
top/bottom gate could be obtained by looking
into the carrier density distribution in the top
and the bottom channels in the device. Fig. 5
shows the carrier density distribution in the top
(a) and the bottom (b) lateral channels of the
DG FD SOI NMOS device with the n*/p* poly
top/bottom gate biased at Vp=1V and Vg=1.5V,
0.7V, and 0.2V. As shown in Fig. 5(a), in the
top channel under the top n* poly gate, for the
three biasing situations of Vg=1.5V, 0.7V, and
0.2V, it is also with an inversion channel of
electrons. In contrast, as shown in Fig. 5(b), in
the bottom channel above the bottom p* poly
gate, it may have three different situations. At
Vs=1.5V, the electron density in the bottom
channel exceeds the p-type doping density of
the thin film, which indicates the inversion
channel of electrons. At Vs=0.2V, the hole

density in the bottom channel surpasses the p-
type doping density, which implies the
accumulation of holes. At Vg=0.7V, both the
electron and the hole densities in the bottom
channel are smaller than the p-type doping
density, which means the depletion condition
of the channel. The three situations of the
bottom channel— the inversion of electrons,
the accumulation of holes, and the depletion
condition are strongly correlated to the sudden
fall of the gate-drain/source capacitance
(Cop/Cgs) of the DG FD SOl NMOS device
with the n*/p" poly top/bottom gate, biased
around the gate voltage of 0.5V.
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Fig. 5. Carrier density distribution in the top (a)
and the bottom (b) lateral channels of
the DG FD SOl NMOS device with the
n'/p* poly top/bottom gate, biased at
Vp=1V and Vs=1.5V, 0.7V, and 0.2V.



CONCLUSION

In this paper, the unique capacitance
phenomenon of a 100nm DG FD SOI NMOS
device with the n*/p* poly top/bottom gate has
been reported. Based on the 2D simulation
result, the gate-drain/source capacitance
(Cep/Cas) of the device shows a sudden fall at
the gate voltage of 0.5V due to the existence
of the hole accumulation/ depletion in the
bottom channel controlled by the p* bottom
gate.
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