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Abstract: To overcome the floating-body effect and sell-heating effect of SOTI devices, the drain and source on insu-

lator ( DSOI) structure is fabricated and tested. The low dose developed recently and low energy local SIMOX tech—

nology combined with the conventional CMOS technology is used to fabricate this kind of devices. Using this

method, DSOIL, S0I, and bulk MOSFETs are successfully integrated on a single chip. Test results show that the

drain induced barrier lowering effect is suppressed. The breakdown voltage drain4o-source is greatly increased for

DSOI devices due to the elimination of the floating-body effect. And the self-heating effect is also reduced and thus

the reliability inereased. At the same time, the advantage of SOI devices in speed is maintained. T he technology

makes it possible to integrate low voltage, low power, low speed SOI devices or high voltage, high power, high

speed DSOI devices on one chip and it offers option for developing system-on-chip technology.
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1 Introduction

The self-heating effect and floating-body ef-
fect are the most serious drawbacks of the SOI de-
vices. As the dimensional length of the device
shrinks, the power-density of the IC increases.
However, the low thermal conductivity of the
buried-oxide along with the Si/SiO2 interface ther—
mal resistance' ' obtracts the heat to transfer to the
environment and thus the working temperature of
SOI devices is greatly increased comparing to con-—
ventional bulk devices. This limits the performance
and reliability of the SOI device too. The floating—

body effect is another noticeable disadvantage,
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which results in severe DIBL effect and low BV nss.

These draw backs restrict the use of SOI device on—
ly to low supply voltage and low power applica—
tions. However, the need to integrate low voltage,

low power or high voltage, high power devices onto
a single chip is increasing'”’, especially in the digital
and RF mixed systems.

[n order to overcome these drawbacks, the
drain and source on insulator ( DSOI) structure' ',
only with buried-oxide under source and drain has
been proposed as shown in Fig. 1.

Since there is no oxide layer under the chan-
nel, the floating-body effect and self-heating effect
are overcome. As SIMOX (separation by implanta-
tion of oxygen) is being developed, low dose and

low energy implantation has been widely used'".
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Fig. 1 Drain and source on insulator MOSFET

T his makes it possible to realize DSOI structure by
local SIMOX'! technology. By this technology, ex—
perimental DSOI devices have firstly been success—
fully fabricated and SOI, bulk and DSOI devices are
integrated on a single chip. We can test and com-
pare the characteristics and the performance of
three kinds of devices on a same chip. Only one ad-
ditional mask is needed to form the local SIMOX,
other fabrication processes are fully compatible
with conventional CMOS technology. The DIBL
(drain induced barrier lowing) effect, characteris—
tics of output, BVss( breakdown voltage of drain to
source), working temperature in the device and
gate delay of ring oscillator in three kinds of de-

vices were compared. T he results were analyzed.

2 Fabrication

Figures 2(a), (b),and (c¢) illustrate the proce—
dure of fabrication. First, a thermal SiO:z layer with
the thickness of 500nm was grown on the wafer as
a mask for selective implantation. Then the win-
dows for implantation were formed. Oxygen was
implanted with the energy for implantation ranging
from 70keV to 140keV and the dose of oxygen
from 2.5X10"em™ " to 9. 0X 10"em”

wafers ( 100mm in diameter).

? for different
The temperature of
the substrate was set to 600°C during the implanta—-
tion. After the implantation, the wafers were an—
nealed at 1300C for 6h in Ar/0.5%0: gas. The
thin oxide was formed during this anneal removed.
T he routine inspections of the samples with micro—
scope show that the product wafers are flat and

crystal perfect. After that, a conventional 0. 5pym-

CMOS technology was used to manufacture the de-
vices. A series of structures had been made out
with different buried-oxide thickness and silicon
thickness. The devices were nMOSFETs with a
gate oxide thickness of 20nm, a junction depth
about 300nm and W/L from 30/0.5 to 30/30. For
comparison, bulk, conventional SOI and DSOI de-

vices were made on a same l"'hlp

/
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Fig. 2 DSOI device and its fabrication T he float—

ing-hody effect is eliminated and the self-heating ef-

fect is greatly reduced

3 Test results

Figure 3 shows the SEM photograph of a
DSOI device with Si film with the thickness of
120nm and buried-oxide thickness of 55nm. Good
formation of buried-oxide under source and drain
can be clearly seen. No lateral expansion of the
buried-oxide can be seen. In fact, the end edge of
the buried-oxide is a little apart from the gate
edge. Since the concentration of implanted oxygen
at the edge is less than that at the central part and
during the oxide formation in annealing, the
buried-oxide shrinks a bit at the edge. This indi-
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cates that the technology can be used to fabricate
DSOI CMOS

length. The source and drain regions with buried-

devices with much shorter gate
oxide under what this stands for are slightly raised
due to the volume expansion during the oxide for-
mation, but the transition is smooth. The results of
device simulation'®” show that the existence of the
transition region will decrease the electrical field
near the source and drain edges. The lowering field
at the source region will decrease the current densi-
ty against source gate voltages and will increase
the parasitic resistance of the shallow junction. On
the other hand, lowering field at the drain region is
beneficial to the device reliability and increase the
breakdown voltage. T he latter is also beneficial to
device for high speed and high power applications.
The source and drain elevation shown in Figure 3
is not so serious as expected. In fact, during the
oxygen implantation, some of the top silicon film is
sacrificed due to sputter and oxidation. During the
annealing, if the thermal oxide mask is not re-
moved, some of the top silicon film on source and

drain regions will be converted into oxide because

Transition

Fig.3 SEM picture of the DSOI device Good for-

mation of buried oxide and smooth transition region

can be clearly seen.

of oxygen existence in the annealing gas. There-
fore, the elevation of the implanted region can be
accurately controlled, and eliminated by careful de-
sign of the technical process. Source/drain eleva—
tion is useful for very short channel devices to re—
duce the contact resistance, so the above phenome-

na have a practical application in some cases.
594

Figure 4 shows the characteristics of the elec-
tric current /4 between drain and source against
the voltage Ve between the gate and source for the
three kinds of devices with W/L of 30/0.6. The
thickness for the silicon film and buried-oxide was
300nm and 90nm before the CM OS processes. Un-—

=1
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Fig. 4 Comparison of the DIBL effect of three
The DIBL effect of the DSOI de—

kinds of devices

vices is greatly reduced.

der these conditions, the SOI devices work in a par-
tially depleted state. All of the test results are in
following. From Fig. 4 we can see that the DIBL of
DSOI is greatly suppressed compared to SOI device
due to the elimination of the floating-body effect
and is even better than the bulk device because of
the elevated drain and source. To amplify the de-
scribed effect, a large Va= 3V was used for AVu
measurement. Since the CM OS device technology is
not optimized here, the DIBL effect is quite larger
even for the bulk device, but the improvement of
DSOI still confirms us its advantage over SOI. Fig—
ure 5 shows the measured AVu versus gate length
for the three different kinds of devices. Figure 6
demonstrates the comparison of the BVoss versus
gate length for three kinds of devices in which sig—
nificant improvement of BVoss in the DSOI from
SOI can be seen. The fact that BVoss in the DSOI
devices is even larger than the bulk devices can be
considered as a result of the raised drain and
source.

The output characteristics of the DSOI and

SOI devices are shown in Fig. 7. At low gate volt—
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Fig. 5 DIBL effect versus gate length in three kinds
The DIBL effect of the DSOI devices is

of devices

greatly reduced.
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Fig. 6 BVuss in three kinds of devices The BVuss

of the DSOI devices is obviously increased.

ages, the drive current /4 of the DSOI is somew hat
smaller than that of the SOI device because of the
bending of the gate in the DSOI. At higher gate
and drain voltages, the lu of the SOI device is re—
duced by the self-heating effect and is lower than
that corresponding to DSOI device with less self-
heating effect. In order to investigate the influence
of the buried oxide to self-heating effect, the work—
ing temperature of three kinds of devices is mea-
sured using the method in Ref. [ 8], and the experi—
mental results are shown in Fig. 8. From Fig. 8 we
notice that, though the buried oxide layer is quite
thin (90nm), temperature differences between de-
vices are still quite significant. Because there is no
buried oxide layer under the channel of DSOI, the
working temperature of DSOI device is obviously
lower than that of SOI device, and is close to that

of the bulk device. The larger thermal resistance

associated with relatively thin buried oxide film
probably comes from the existence of the larger in-
terface thermal resistance of Si and SiO:2 inter—

face'".
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Fig. 7 Output characteristics of DSOI and SOI de-
vice At high gate and drain voltages, the drive cur-
rents [a of the SOI devices are greatly reduced due

to the self-heating effects.
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Fig. 8
vices with W/L= 0.6

Working temperature of three kinds of de—
The working temperature of
DSOI device is obviously lower than that of SOI de-—

vice, and close to that of bulk device.

The gate delays of the nMOS inverter were
measured by use of 101-stage ring oscillators for
different devices on the same chip. The results are
shown in Fig. 9. Since the BVss of SOI devices is
low, the supply voltage to SOI devices is set below
4V. But the supply voltage for DSOI and bulk de-
vices can reach quite a high level. It can be seen
that the gate delay of DSOI device is much smaller
than bulk devices and is only a little bit larger than
that of SOI devices at the same supply voltage.
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And when the supply voltage of DSOI devices in—
creases, the gate delay can decrease steadily until
the value as small as that of SOI devices. This im-
plies that DSOI device could be used in high speed
and high voltage applications. Figure 9 gives a in-
formation of the ultimate delay in DSOI much bet—
ter than that in SOL. T he reason is that the inverter
is a saturation loaded n-type, which limits the real
working gate voltage of the drive devices. In other
words, the ultimate delay of DSOI in Fig. 9 corre-
sponds much lower Vs rather than possible higher
values. Further, since the DSOI device is not opti-
mized, the parasitic resistance of shallow junction
may introduce much delay. We expect by use of
CMOS inverter and a good optimized DSOI device
structure, the performance of DSOI at high voltage
can be made much higher than that SOI can

achieve.
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Fig. 9 Gate delay for nMOS inverter that builds up
the 101-stage ring oscillator of three kinds of devices
The gate delay of DSOI device is close to that of SOI

device

4 Discussion and conclusion

Based on the local SIMOX technology, DSOI
structure is realized and is successfully integrated
with SOI and bulk devices on a single die. Their
regular characteristics and performance of either
devices obtained from experiments prove that the
proposed process of the local SIMOX with a low
dose, low energy implantation is a possible method
for the MOS project. Although the technology is
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far away from really application, but test results
clearly show that the floating-body effect and self-
heating effect of DSOI are overcome in DSOI strue-
ture. Due to the expansion of the SiO2, the source
and drain region is slightly raised and a smooth
transition regions is observed between the oxide
and the bulk silicon. The performance of the device
will deteriorate a bit by existence of this transition
region, but the reliability is increased. It is possible
to control and eliminate the elevation of the im-
planted oxide region by a proper process regula—
tion. We can use this €elf” source and drain eleva—
tion technique for the benefit of device characteris—
tics and performance. The success of integrating
DSOI, SOI and bulk devices on a single die makes
possible to integrat low voltage and low power de-
vices or high voltage high power devices of high
speed on a single chip. The highest performance of
the DSOI devices should be much higher than its
bulk and SOI devices due to the reduced drain and
source parasitic capacitance and use of possible
higher supply voltage. This work only shows the
possible advantage of the proposed technology. For
pushing forward this technology to practical appli-
cation, a series of careful studies is needed and
room for both technical and structural optimization
exist. First, a self-aligned technology for CMOS
should be used for deeper submicron devices.
Then, the optimization of the source/drain eleva—
tion, the length of the transition region should be
made. These are what we focus in further investi-
gation.
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