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Floating Body Effect in Partially Depleted SOI nMOSFET
with Asymmetric Structure and Ge-Implantation
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Abstract: The floating body effect of an asymmetric and Ge-implanted partially depleted 0. 8um SOI nM OSFET is
investigated. It is found that the drain breakdown voltage can be improved by about 1V and that the anomalous

subthreshold slope and kink effect are also lessened. It is believed that the shallow junction in the source and defect

states introduced by Ge implantation are responsible for the reduction of the floating body effect.
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1 Introduction

( SOI)

have several advantages'' including perfect isola—

Silicon-on-insulator CMOS devices
tion by a simple fabrication process. reduced para—
sitic capacitance, absence of latch-up, and large cur—
rent gain at lower—voltage operation. However, in
SOI nM OS devices the parasitic phenomena arising
from the floating body effects constitutes a major
concern. These include the occurrence of kink in
the saturation region of the drain output character—
istics, early device breakdown induced by the para-
sitic lateral npn transistor, and anomalous sub-
threshold slope. Several methods have been pro-—
posed to reduce the floating body effect''™ ™.

Ge-implantation techniques have been pro-

posed to reduce the lateral bipolar gain in order to
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improve both de and dynamic characteristics. In
Ref. [ 6] Ge was implanted before gate oxidation.
The implanted Ge ions replace lattice Si atoms in
the front-channel region, generating Si interstitials
which are subsequently injected into the back-
channel region. That is the so-called channel defect
engineering. In Refs. [ 7] and [ 8] a large Ge
doseage no less than 10"cm™* and subsequent an-—
nealing were required to form SiGe source struc—
ture. Because of the bandgap narrowing of the
source region, the current gain for source/channel/
drain lateral bipolar is decreased and the floating
body effect is suppressed.

In this paper we used an asymmetric MOS
structure and Ge implantation to reduce the float-
ing body effect. Experimental results show the de-
vice breakdown voltage is improved by about 1V.

The other two phenomena are also lessened with
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this structure.

2 Device fabrication

The 0. 8um n-channel MOSFET s were fabri-
cated on SMIOX wafers with a buried oxide thick-
ness of 150nm and final device thickness of 153nm.
Lateral isolation was provided by LOCOS. The
depleted SOI
MOSFET ‘s was non-uniform by two implants: B",
70keV, dosage 2 X 10” em™? and BF3, 100keV,

dosage 5X 10" em™ . The gate oxide thickness is

channel region of the partially

22nm. After the pattern of n” doped poly-silicon
LDD/LDS structures were formed by using phos—
phorus implantation with a dosage of 2.5 X 10"
em”” and energy of 30keV. After oxide spacers
were formed n* doping was performed by As im-
plantation (30keV,2.5X10%em™ ), which formed
a shallow n” -p junction in both source and drain
region. Simulation result showed that the junction
is about 90nm deep. Subsequently the source region
was protected with photoresist. A second As im-
plantation ( 100keV, 4.5 X 10” em™ *) was carried
out in the drain region which made the drain n” re-
gion reach the buried oxide. The schematic cross—
section of the asymmetric MOS device is shown in
Fig. 1. Conventional SOI MOSFET s with both
source and drain region reaching the buried oxide

were also fabricated on the same wafer. After rapid
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Fig. I Schematic cross-section of the asymmetric de-

vice with Ge-implantation

thermal annealing at 1000°C,Ge was implanted
perpendicular to the surface of the source, drain
and poly-silicon regions. The energy was 120keV

and the dosage was 5X10"em™”. Half of the wafer

was Ge-implanted while the other half was masked
and remained non-implanted. 25nm of Titanium
was deposited to form Titanium silicide contacts on

the source/drain and poly-silicon regions.

3 Experimental results

All the experimental results were obtained on
the semiconductor parameter analyzer HP4145A.
Both asymmetric/Ge-implanted nMOSFET and
conventional device without Ge implantation were
measured for comparison.

The output characteristics of fabricated 0. 8um
n-channel transistors are shown in Fig. 2. The
channel width is 36um. The gate voltage Ve is 2
and 3V, respectively. Before kinks appear, the
curves for the two kinds of devices are almost iden-

tical. After the appearance of kinks ( V= 1.4V at
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Fig.2
and asymmetric/Ge-implanted SOI nM OSFET

Qutput characteristics of both conventional

V= 2V, V= 1.5V at Ve= 3V), the /v increases
sharply for the conventional SOI nMOSFET, which
is caused by the floating body. T here is also a clear
kink in each curve of the asymmetric and Ge-im-
plantation device. But the /v increases more slowly
than that of the conventional. When the drain cur-
rent is 4mA under a gate bias of 2V, the drain bias
is 5. 1V and 6. 1V, respectively, for the convention-
al device and the asymmetric/Ge-implanted one.
Figure 3 shows characteristic of drain breakdown
for the two kinds of device at a gate bias of OV. It
is shown that the breakdown voltage is improved
from 6.1V to 7.2V.
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Fig. 3 Drain breakdown characteristics of the two

kinds of devices( V= 0V)

The slope of anomalous subthreshold was also
lessened because of the shallow junction in the
source and Ge implantation. This is shown in
Fig. 4. For the conventional SOl nMOSFET the
subthreshold slope is 153, 57, and 12mV/dec, re-
spectively, at a drain bias of 0.1, 2. 1, and 4. 1V.
For the asymmetric and Ge-implanted SOI nM OS5
FET the subthreshold slope is 155, 67, and 49mV /
dec, respectively, at a drain bias of 0.1, 2. 1, and

4.1V.
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Fig. 4 Subthreshold characteristics of both con-
asymmetric/Ge-implanted  SOI

nM OSFET at a drain bias of 0.1, 2.1 and 4. 1V,

ventional and

respectively

4 Discussion

For the asymmetric and Ge-implanted SOI
nMOSFET the drain breakdown voltage was im-

proved, the anomalous of subthreshold slope and

the kink effect were also lessened. Two reasons are
responsible for the reduction of the floating body
effect. Firstly, the shallow junction in the source
region helps to reduce current gain of the lateral
parasitic npn transistor. Because lower energy and
lower dosage of As was implanted, the lateral ex-
tension of n" source region was reduced. This is e-
quivalent to the increase of the base width. Second-
ly, Ge-implantation further reduces the current
gain. This idea originated from the channel defect
engineering'®, where the defects were generated in
the back channel region. In the asymmetric MOS-
FET structure the defect states are introduced in
the p-type body under the source region, without
the possibility of degrading the front channel re-
gion. As substitutional dopants in Si, the implanted
Ge ions replace lattice Si atoms in the source re-
gion, generating Si interstitials which are subse-
quently injected into the p-ype body region under
the source. These Ge dopants and Si structural de-
fect states are subgap energy states in Si which can
alternatively be viewed as recombination centers.
The gain of the parasitic npn bipolar transistor is
reduced because of these recombination centers
which reduce the minority carrier lifetime. In sum-
mary, both the shallow junction and Ge-implanta-
tion contribute to the reduction of the floating body

effect.

5 Conclusion

The floating body effect of an asymmetric and
Ge-implanted partially depleted 0. 8um SOl nM OS-
FET was investigated. T he asymmetric MOS struc—
ture was formed by two n” implants. It was found
that the drain breakdown voltage can be improved
by about 1V and that the anomalous subthreshold
slope and kink effect were also lessened. It is be-
lieved that the shallow junction in the source and
defect states introduced by Ge implantation reduce
the current gain of the parasitic lateral npn transis—
tor. Thus the floating body effect of the partially
depleted SOT nM OSFET is reduced.
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