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Investigation of Thermal Property of Novel DSOI MOSFETSs
Fabricated with Local SIMOX Technique
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Abstract: DSOI, bulk-8i and SOI MOSFETSs are fabricated on the same die successfully using local oxygen implan-
tation process. T he thermal properties of the three kinds of devices are described and compared from simulation and
measurement. Both simulation and measurement prove that DSOI MOSFETs have the advantage of much lower
thermal resistance of substrate and suffer less severe self-heating effect than their SOI counterparts. At the same

time, the electrical advantages of SOI devices can stay. The thermal resistance of DSOI devices is very close to that

of bulk devices and DSOI devices can keep this advantage into deep sub-micron realm.
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1 Introduction

Drain and source on insulator (DSOI) struc—

[
ture

is proposed to suppress severe self-heating
effect and floating body effect in silicon-on-insula-
tor (SOI) devices, which become the main draw-
backs of SOI structure. Modern SOI devices have
many advantages compared with conventional bulk
devices. The existence of buried dioxide reduces
parasitic drain and source junction capacitances and
fully isolates devices, which facilitates faster cir-
cuits and prevents latch up between devices'”.
However, one main drawback of SOI devices is the
severe self-heating effect due to low thermal con-
ductivity of buried Si0: layer, which is a factor of

100 worse than silicon. Heat generated by the de-
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vice can not transfer easily from the silicon film to
the substrate, so the silicon film may be over hot
somew here, and will cause serious problems in SOI
circuits. High temperature will reduce the carrier
mobility in the channel so as to degrade the device
performance and even make interconnection of the
system unreliable. When the silicon film is getting
thinner, the self-heating effect is getting more se—
vere'”, so the most promising fully depleted SOI
devices, which are fabricated on ultra-thin silicon
film, suffer the most severe self-heating effect.
This drawback restricts SOI devices to low power
applications only. Another main drawback of SOI
devices is the floating-body effect (FBE) due to the
impact ionization—iriggered activation of the para-
sitic npn bipolar junction transistor in the n-chan-

nel SOI MOSFETs. This effect results not only in
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loss of gate control but also in severe hot carrier
effects (HCE)'", which is detrimental to the long—
term reliability of SOI devices.

A novel DSOI structure'" is proposed to over—
come these drawbacks. With a silicon window be-
low the channel, thermal resistance of substrate is
diminished significantly, and floating body effect is
totally eliminated because the body regions of
DSOI MOSFETs are connected to the substrate.
With the development of SIMOX ( separation by
implantation of oxygen) technique, low dose and
low energy implantation has been widely used,
which makes it possible to implement DSOI strue-
ture by local SIMOX'" technique with only one ad-
ditional mask. Bulk-Si, SOI and DSOI MOSFETs
are integrated on the same die using this tech-

nique. Their thermal resistances of substrate are

measured and compared. 2D simulation with An-

[ 6]
sysm is also done for deep insight into the heat
transport process of DSOI devices and the thermal

property in deep sub-micron realm.

2 Fabrication and structure of DSOI
MOSFETSs

N —channel devices of the three kinds were fab-

ricated on the same die with various channel

length. After oxygen implantation (4.8X10"em™’
at 140keV) with a mask of a 500nm-thick oxide
layer above the channel region, the wafer was an-
nealed at 1300°C for 5h in an Ar/3% 02 ambient.
Buried oxide layer was formed with silicon window
below DSOI MOSFETs" channel. Conventional n-
M OS process followed oxide implantation to com—
plete the devices. T his technique is compatible with
bulk-Si and SOI technique. Figure 1 shows the
SEM photo of a DSOI MOSFET with W/L equal
to 30um/0. Sum. The well formed buried oxide un-
der drain and source region can be seen clearly. T he
thickness of silicon film was 120nm; the thickness
of buried oxide was 90nm; and the thickness of gate

oxide was 20nm.
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Fig. 1 SEM image of the 30um/0. 5um DSOI device

3 Measurement of thermal resis—

tance of substrate

Thermal resistance was measured by gate re—
sistance thermometry'”’. The measurements were
done on MOSFET structures with four gate con-
tacts as shown in Fig. 2. The gate resistance versus

temperature was first measured in the OFF state
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Fig. 2 Bird’s-eye test structure of thermal

resistance

on a heated plane, and then versus power dissipa—
tion when the plane was kept to 300K. When mea-
suring gate resistance versus power dissipation, Vs
was set to 6V and Vos was swept from OV to 6V to
change the power generated in the channel. Both
the width of silicon windows of DSOI MOSFETs
and the length of channel of each device were
0.8um. The gate resistance versus power dissipa—
tion was measured, and then transformed to chan-

nel temperature versus power dissipation by the
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gale resistance versus channel temperature data

measured before. The result is depicted in Fig. 3.
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Fig. 3 Measured channel temperature versus power
dissipation

Due to the definition of thermal resistance
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Ru= "p = Vs

where T chamnel is the channel temperature, T anbi is the
ambience temperature, and P is the power generat—
ed in the channel, which is equal to 7fvs Vs, the
slope of each curve is in direct ratio with each
device’s thermal resistance. It is obvious that the
thermal resistance of a DSOI device is much lower
than that of an SOI device and is nearly equal to
that of a bulk one.

[t can be seen from Fig. 3 that the measured
points deviate from a straight line when power dis—
sipation is high. T he reason for this phenomenon is
probably that other means of heat transport such
as convection and radiation take an important part
of total heat transfer and reduce the thermal resis—
tance at high temperature. Further more, because
the temperature set on the heated plane at the first
step is a little higher than the channel tempera-
ture. the value of thermal resistance exacted from

the result is a little more than its real value.

4 Simulation of heat transfer of sub-
strate

A simplified 2-D model is built to simulate the

thermal transfer of substrate in Ansysﬂ" Because

heat transport is dominated by the bulk'", the in—
fluence of heat flow through the metal interconnec—
tion is neglected. Figure 4 shows the simplified
cross section of a DSOI structure for simulating the
thermal resistance. T he counterpart of an SOI one
is almost the same as it excepted that the silicon
window is substituted with oxide. Heat is generat-
ed uniformly in the channel region, and 300K
boundary condition at the bottom of substrate is
used. The values used for default of thermal con-
ductivity are, respectively, 148, 63, and 1.4W/(m

K) for undoped silicon, doped silicon, and buried

. 9
oxide'”.
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Fig. 4 Simplified cross section of DSOI structure

for simulating thermal resistance of substrate

When the power generated in the channel re-
gion is ImW, the 2-D temperature profiles of SOI
and DSOI structure are shown as Fig. 5. It can be
seen that the temperature gradient in a DSOI
M OSFET “s buried oxide is much smaller than that
in an SOI MOSFET s buried oxide, which indicates
that the thermal resistance contributed by buried
oxide is reduced significantly in DSOI devices. T he
DSOI

serves very successfully as a path of heat transfer.

silicon window below channel in device
The peak temperature in the channel of a DSOI de-
vice is much lower than that of an SOI device.
T heir normalized thermal resistances (Ra W) ex-—
tracted from both simulation results and measured
results are all listed in Table 1. The simulation re—

sults fit with the measured results quite well.
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Fig. 5 2-D temperature profile near SOI and DSOT de-
vices when power generation in the channel being ImW

(a) SOI device: (b) DSOI device

Table 1

from simulation results and measured results

Normalized thermal resistances extracted
Chan-
nel length= 0. 8um

Normalized thermal resistance/(K * ym = W™ ")
Type -
Simulated M easured
S01 49546 47131
DSOI 20997 20047
BULK 20318 19345

Horizontally scaling down the device region
and continuing the simulation, an Ruw W versus

channel length diagram is attained in Fig. 6. When
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Fig. 6 Normalized thermal resistances from simula-

tion for various device size

the device is getting smaller, the thermal resistance
of SOI device increases rapidly, but DSOI device
can remain the advantage of smaller thermal resis-
tance. In deep sub-micron realm, DSOI devices still
succeed to suppress self-heating effect to the level

close to bulk devices.

S Conclusion

A novel DSOI MOSFET is fabricated based on
local SIMOX technique. This technique is fully
compatible with bulk-Si and SOI technique. Both
simulation and measurement results prove that
such kind of devices have much lower thermal re-
sistance than complete SOI MOSFETs. Self-heat-
ing effect is suppressed successfully to the level
close to that of bulk devices. This advantage can
stay in deep sub-micron realm. DSOI devices can be
easily fabricated with SOI devices in the same die,
so DSOI can be a promising technique to meet the
need of integration of high and low power devices

together.
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