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Abstract : In order to minimize the self-heating effect of the classic SOI devices,SOl structures with S3N4 film as a

buried insulator (SOSN) are success ully formed using epitaxial layer transer technology for thefirst time. The new

SOl structures are investigated with high-resolution cross sectional transmission electron microscopy and spreading

red stance profile. Experiment results show that the buried S3N4 layer is amorphous and the new SOI material has

good structural and electrical properties. The output current characteristics and temperature distribution are smula

ted and compared to those of standard SOl MOSFETSs. Furthermore ,the channel temperature and negative differenti-

a redstance are reduced during high-temperature operation ,suggesting that SOSN can effectively mitigate the self-
heating penalty. The new SOI device has been verified in two-dimensional device smulation and indicated that the
new structures can reduce device self-heating and increase drain current of the SOl MOSFET.
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1 Introduction

Sliconrorrinsulator (SOI) material s offer sev-
eral advantages as compared to bulk slicon.
However ,due to the poor thermal conductivity of
the buried oxide layer and self- heating effect in SOI
devices ,the applicability of SOl materialsis limit-
ed”® . Replacement of the buried silicon dioxide by
a better thermal conductor could adequately mini-
mize this effect’ ®. The thermal conductivity of
the dlicon nitride (30W/m ) is amost twenty
times higher than that of S02 (1L 4W/m ). In ad
dition ,the physical and chemical properties (such
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as low etching rate in HF solution) and the good
structural quality (100mm wafer without defect) of
the SsNa layer lead to the assumption that SsNa
filmis a good candidate for a buried insulator of
SOl structures.

Separation by implanted nitrogen (SIMNI)
has been adopted to form new SOI structures”
however ,there are two disadvantages:first ,the ex-
cess nitrogen at the peak of distribution tend to be
trapped-out as nitrogen bubbles because of the low
diff ugvity of nitrogen in nitrogenrrich slicon; sec
ond,the buried nitride structures have their own
problems ,in particular ,due to crystallization of the
nitride'®®" . This leads to either aleaky dielectric or
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gross mechanical failure depending on the implan-
ted dose and annealing conditions. In this work ,we
have grown high quality monocrystalline slicon on
porous dlicon usng ultrahigh vacuum electron
beam evaporation. SOI structures with SsN4 as a
buried insulator were successully produced by
bonding and etching the remnant porous slicon.
The physical and electrical properties of theformed
SOl structures were characterized. The new SOI
structures are smulated usng a two-dimensional
simulation program to examine the device tempera
ture distribution and change of terminal current
due to self-heating.

2 Experiment and simulation

Inthefirst step 75mm (100) CZ slicon were
used ,on top of which S3Na4 layers approximately
80nm thick were deposited by low-pressure chemi-
cal-vapor deposition (L PCVD) at the temperature
of 800

75mm boron-doped p-9 (100) wafers with a
resistivity of 0. 003 Q 00X - cm were anodized in
the electrolyte HF ethanol =1 1 at 4mA/cm’ to
form porous dlicon. The sngle-crystal slicon was
then epitaxially grown on porous dlicon in an ul-
trahigh vacuum electron beam evaporator with a
base vacuum of approximately 10’ Pa. After the
epitaxial layer was formed ,the wafer was bonded
together with a handle wafer deposited with S3Na
films at room temperature. Then the bonded waf er
was annealed at 1100 for 1hin Nz ambient to in-
crease the bonding strength. Subsequently, the
bonded wafers were lit into two parts along the
porous dlicon layer. Finaly ,the porous slicon was
etched away in a diluted HF solution and the final
SOl structures were obtained.

In the second step the self-heating effect was
addressed by comparing the electrical characteris
tics and thermal distribution of SOl and SOSN
MOSFETS unsng numerical smulation. The anal-
yss was performed usng a two-dimensional device
smulator called Slvico Atlas running on a SUN

workstation.

3 Resultsand discussion

Our investigation in this paper involves the
measuring of structural and electrical properties
and the smulation of the output characteristics and
temperature distribution.

3.1 Structure

Figure 1 (a) shows the cross sectiona trans
mission electron microscopy (XTEM) images of
the SOI structures. The top dlicon layer and the
buried SsN4 have thickness of 200nm and 80nm re-
spectively in Fig. 1(a) . Both the upper and lower
interfaces are very flat and steep. These figures
show that the interfaces of the SOI structures are

a Surface

substrate
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Fig.1 XTEM image (a) and HRTEM image (b) of

the new SOl structures
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perfect. From Fig.1(b) ,it also can be seen that the
buried S:N4 layer is amorphous,and neither voids
nor bubbles are detected. It is known that the crys
talline quality of the top sliconisvery important to
SOl materials. These results confirm that the top
dlicon has amost the same crystalline quality as
the substrate slicon.

3.2 Hectrical properties

The spreading redstance profile of the SOI
sample was measured and the experimental results
are shown in Fig. 2. Three layers of the SOI struc-
tures including the top slicon, buried S3Na ,and
slicon substrate can be clearly distinguished. The
thickness values of the top slicon and the buried
S3Ns shown in this figure are in good agreement
with the XTEM results. The very steep slopefrom
top slicon to buried SsN4 at the depth of 210nmin
the spreading res stance profile implies sharp inter-
face between the two. The values of spreading re-
sistance show that the top slicon has uniform elec
trical property and the buried S:N4 layer has very
good insulating performance.
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FHg.2 Sreading resstance profile of the SOI struc-
tures

3.3 Output characterigtics simulation

In our smulation ,two sets of curves are gen-
erated for the cases with and without lattice tem-
perature effects. In order to use Atlas to solve
these questions a MOS device structure is needed.
The detail s of the relevant geometrical and techno-
logical parameters are as follows: Figure 3 shows

the structure distribution of the MOSFET device.
The device has a 1 x 10" cm™?
doped and nrtype source and drain doping of 2 X
10°cm ®. The channel effective length is 0. 2% m,
and the thicknesses of the gate oxide,top slicon,
and buried S3N4 are 20,200,and 100nm , respec-
tively. The geometrical and technological parame-
ters of these devices are identical except for the
buried insulator.

p-type substrate

SO

Fig.3 Structure distribution of the MOSFET device

In this smulation the gate biasis held at 10V
because the self-heating effect will be more appar-
ent when the power is high. The drain bias is
ramped up from 0 to 5V. In the device modeling the
temperature rise due to self-heating can be approxi-
mated by rlaVas Where ris the thermal res stance.
The smulation results are shown in Fig. 4. The
SOl device shows strong negative differential re-
sstance (NDR) when the self-heating effect iscon-

0.8
L,~0.25pm V=10V
= 0.6
H
E‘ 04}
= —=— Si0, without self-heating
=~ 02F —— Si0, self-heating
~— Si,N, without self-heating
ol —— Si,N, self-heating
o 1 2 3 4 s
vV
Fig.4 Smulated output characteristics of SOl and

SOSN devices
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sidered , however ,the SOSN displays weak NDR
under the same conditions. It is known that the
higher the self-heating effect the more apparent
NDR becomes. Thus we examine the self-heating
effect by studying the NDR on the curves. It can be
concluded that the SOI deviceis subject to a higher
self-heating effect than that of SOSN under the
same operating conditions.

3.4 Temperature distribution simulation

The temperature distribution obtained under
the same amulation conditions is consstent with
the output characteristics. Figure 5(a) exhibits the
two-dimensional (2D) temperature distribution of
the SOl device. Figure 5(b) exhibits the 2D tem-
perature distribution of the SOSN MOSFET. The
temperature in the SOI' s substrate is only 300K,

ATLAS

Data from soiec08_5a,str
dource

pm

10 " 1 2 3 4 5
pm
Fig.5 Smulated temperature distributions of SOI (a)
and SOSN (b) devices

but because of self-heating the channel temperature
rises to 555 K. The temperature distribution pattern
inthe SOSN is displayed in Fig.5(b) . The channel
temperature in the device decreases sgnificantly to
373K compared with 555K in the SOI device ,and it
isonly dightly higher than the substrate tempera
ture. Our resultsindicate that the influence of self-
heating effect in SOI is much more serious than in
SOSN. The same concluson can be drawn based on
the aforementioned output characteristics smula
tion.

4 Conclusion

SOl structures with S3Na4 as buried insulating
film have been succesd ully fabricated usng epitax-
ial layer trander technology. Experimental results
show the formed SOl sample has good structural
and electrical properties. Furthermore ,the channel
temperature and NDR in the SOSN devices are re-
duced suggesting that SOSN can effectively miti-
gate the self-heating penalty. The new SOI struc
tures can achieve a dsgnificant decreased the self-
heating effect.
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