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Analysis of Conduction in Fully Depleted SOI
MOSFET’s

K. KONRAD YOUNG, MEMBER, IEEE

Abstract—The conduction characteristics of fully depleted SOI
MOSFET’s have been studied by theoretical analysis and computer
simulation. In these devices the ideal inverse subthreshold slope of 59.6
mV /decade will be obtained if the interface-state capacitances are
much smaller than the gate-oxide capacitances. For above-threshold
conduction, with decreasing silicon film thickness the inversion charges
penetrate more deeply into the film and the transconductance increases
because of the decreasing fraction of surface conduction.

[. INTRODUCTION

OSFET’S fabricated in fully depleted silicon-on-ox-

ide (SOI) films have advantages over partially de-
pleted SOI MOSFET’s, because the fully depleted silicon
film reduces the inverse subthreshold slope [1] and mini-
mizes the floating-substrate and short-channel effects [2],
[3]. Recently, Balestra er al. have reported simulation re-
sults showing strong transconductance enhancement in
fully depleted SOI MOSFET’s [4]. However, it was as-
sumed that the substrate bias would be increased in pro-
portion to the gate bias, a procedure that is not practical
in actual circuit operation. Furthermore, no theoretical
analysis was presented to assist in the design of such de-
vices. In this paper, we propose a simple model for study-
ing the conduction characteristics of fully depleted SOI
MOSFET’s. The calculated results, which have been ver-
ified by PISCES simulation [5], show a strong increase in
transconductance without requiring the substrate bias to
be varied with the gate bias.

II. ONE-DIMENSIONAL MobEL FOR SOI MOSFET’s

A cross-sectional view of a fully depleted SOI MOS-
FET is shown in Fig. 1. If the device is operated before
the onset of strong inversion—i.e., ®(x) < 2&p, where
&, is the potential difference between the extrinsic and
intrinsic Fermi levels—the potential distribution through
the film is given by a one-dimensional Poisson’s equation
[61, {7

d’® N,
O d (1)
X €g;j

where ® (x) is the potential at a distance x below the top
surface of the SOI film, N, is the density of the ionized

Osx=<tg
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Fig. 1. Cross-sectional view of an n-channel fully depleted SOI MOSFET.
The shaded region denotes the depletion region.

acceptors in the film, eg; is the dielectric constant of sili-
con, and fg; is the silicon film thickness.

For fully depleted SOI MOSFET's, the boundary con-
ditions for (1) are

®(0) = & (2)
a2 (x) - eox & = Ves (3)

dx |,_o s L
®(t5) = &, (4)
m _ fox Vi — % (5)

dx 1,_, €si t

with

Ves = Ve — Vin s (6)
wb = Vaw = Vs (7)

where &, is the potential at the front-side oxide-silicon
interface, e, is the dielectric constant of SiO,, V,, is the
gate-source bias voltage, Vg f is the front-channel flat-
band voltage, #is the front-gate-oxide thickness, ®, is the
potential at the back-side silicon-oxide interface, Vy, is
the substrate-source bias voltage, Vpp , is the back-chan-
nel flat-band voltage, and ¢, is the buried-oxide thickness.

We assume that the buried-oxide capacitance, C, =
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€ox/ 1y, 18 much smaller than the front-gate-oxide capaci-
tance, C; = €,,/t;, and the silicon-film capacitance, Cg;
= ¢g /1. Solving (1) under boundary condition (2)-(5)
then gives

: Nats oVl
®(x) = Nax” | <—L als , Cb Vo b>x + & (8)

2es; €si €si
with
Nt C
&= T Ly 2y,
G %
N, t; C c, C
o, = —Lalsi (4 T +V;,5+<—”+~ﬁ> -
Cf 2C51 Cj CSi

(10)

To verify the proposed analytical model, the PISCES
program was used to simulate the potential distribution
within the silicon film. Fig. 2 plots the calculated and
simulated values of ¢;and $, as functions of V. Before
strong inversion occurs, the data calculated from the
model agree with the PISCES simulation results. When
V,s is increased sufficiently to cause strong inversion near
the front channel, the high-density inversion charge near
the front channel shields the back channel from the front-
gate bias, so that &, becomes insensitive to V.

1. SUBTHRESHOLD CHARACTERISTICS

The subthreshold current is the sum of the front-chan-
nel current I, rand the back-channel current Iy ;. In either
channel, the subthreshold current is given approximately

by (6]
Vds
~ow(-32))

Id.\,i = 61[1
; e\ /d\"?
Lo (@)I() - omre 0

where §; is a device-dependent parameter, V), is the drain-
source voltage, and V7 is the thermal voltage.

The inverse subthreshold slope, which is defined as §
= In(10) dV,,/d In I, can be calculated from (9)-(11)

as
1 1y,
S=1n(10)VT 7£
+L‘f Ids
o
1
1 1
N C C %—h
| + by Zib Tl (12)
Cf CSi

where C;, ; = gDy, yand C;,, = gD, , are the interface-
state capacitances corresponding to dVig (/dV,, and
dVpg ,/dV,, respectively, and D;, rand D, , are the inter-
face-state densities.

For practical device operation, the back-channel cur-
rent is generally suppressed to prevent leakage. In this
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Fig. 2. Comparison of calculated channel potentials &, and &, (dashed
source bias voltage V,, for two values of substrate-source bias voltage

V.

£ )
As indicated by (13), the inverse subthreshold slopes of
fully depleted SOl MOSFET’s do not include the deple-
tion capacitance term and can therefore be much lower
than those of bulk-silicon and partially depleted SOI de-
vices. When the ratio C, ;/C; is small enough, § reaches

the ideal value of In (10)V; = 59.6 mV /decade. inde-
pendent of ¢, 7g;, and N,.

sub*

case, (12) can be rewritten as

S:1n(10)VT[1 (13)

IV. TRANSCONDUCTANCE

It has been observed [8], [9] that thin (800 A) fully
depleted SOI MOSFET’s can have up to 50 percent higher
transconductance than their thick (2000 A) counter-parts.
The thin-film-induced transconductance enhancement can
be explained by the effects of the electric field and inver-
sion charge distribution on the electron mobility in the
SOI films. From (8), the vertical electric field before
strong inversion is given by

do  gN4(t5 —x)  CViw

E(x)=—
‘( ) dx €g; €gi

(14)
For fixed V{,;, at a given depth E, decreases as fg; de-
creases. In Figs. 3 and 4 the vertical electric field and
concentration of inversion charge, respectively, are plot-
ted against depth for two devices with #5; = 500 and 2000
A. The fraction of surface charge also decreases with de-
creasing fg;,. For the device with the thicker film, surface
conduction dominates. but body conduction makes an im-
portant contribution for the thinner device. The effective
carrier mobility is lower for the thicker device because 1)
as a result of surface scattering, surface mobility is lower
than body mobility for the same electric field, and 2) the
field-induced reduction in mobility is greater in the sur-
face region, where the field is higher. The eftect of sur-
face scattering is illustrated in Fig. 5, where the simulated
effective mobility p.y is plotted as a function of rg; for
fully depleted devices with different values of the electron
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Fig. 3. Vertical electric field versus distance from surface for silicon films
with 15; = 500 and 2000 A.

[o}
t;= 200 A

Ny =86 1016 ¢m3

Vge-V, 065V

\

Vg

PE S S I I S I S BT N B I |

0 100 200 300 400 500
c
DISTANCE (A)

Fig. 4. Inversion charge concentration versus distance from surface for
silicon films with t5; = 500 and 2000 A.
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Fig. 5. Dependence of effective mobility p.q on r5; for different values of
the electron mobility degradation factor k.

mobility degradation factor k, defined as the ratio of sur-
face mobility to body mobility. For k < 1, u.q increases
with decreasing fg;, causing the transconductance to in-
crease. The dependence of p. g on tg; is more pronounced

for smaller k. (In Fig. 5 the effect of the electric field on
mobility has been neglected, since the PISCES model for
this effect is oversimplified.)

V. CONCLUSION

The conduction characteristics of fully depleted SOI
MOSFET’s have been studied by a simple analytical
model and PISCES simulation. If C; ; is much smaller
than Cy, S reaches the ideal value of In (10) V7, indepen-
dent of #;, tg;, and N,. Decreasing the SOI film thickness
causes a reduction in the concentration of inversion charge
in the vicinity of the film surface, which causes the
transconductance to increase.
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