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Hevated Source/ Drain Engineering by Novel Technol ogy
for Fully-Depleted SOI CMOS Devices and Circuits
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Abgtract : 0. 334 m thinfilm fully-depleted SOl CMOS devices with elevated source/ drain structure are fabricated by
a novel technology. Key process technologies are demonstrated. The devices have quas-ideal subthreshold properties;
the subthreshold dope of NMOSFETSs is 65mV/ decade ,while that of pMOSFETs is 69mV/ decade. The saturation
current of 1. 21 m nMOSFETs isincreased by 32 % with elevated source/ drain structure ,and that of 1. 21 m pMOS
FETsisincreased by 24 %. The per-stage propagation delay of 101-stage fully-depleted SOl CMOS ring oscillator is

75ps with 3V supply voltage.
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1 Introduction

As CMOS technology continues to scale
down fully-depleted SOl (FDSOI) technology as
sumes a prominent postion as a potential solution
to the problems associated with continued device
scaling'™ . Some of the benefits of usng FDSOI are
reduction of junction capacitance ,immunity for ra-
diation ,latch up-free for complementary metal-ox-
ide- semiconductor (CMOS) '?! | suppresson of the
short-channel efects’® process smplicity!® | high-
er device packing dendty ,and so on. FDSOI devices
are also superior to thick-film, partially-depleted
SOl (PDSOI) devices, because FDSOI MOSFETSs
have no body effect!™ .

The FDSOI technology offers a potential solu-
tion to control short channel effects by reducing
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the dlicon film thickness. However ,aggressive sli-
con film thickness reduction increase the parastic
source/ drain series resistance'® . Furthermore ,con-
ventional process cannot be used on this ultrathin
dlicon film due to incomplete dlicide formation.
The resulting high parasitic source/ drain series re-
sistance degrades the device performance and ob-
scures the advantages of FDSOI'!. Therefore, re-
ducing the source/ drain resistance has become an
important issue for ultrathin FDSOlI MOS de
vices.

In order to suppress and avoid the risk of gli-
ciding the whole slicon film,a new technology to
form elevated source/ drain structure is brought
forward firstly. With this technology ,the problem
of high source/ drain series resistance can be re-
slved and enough thickness of slicon was provid-
ed to form TiSz.
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2 Devicefabrication

2.1 FRabrication flow

The SIMOX wafers used were fabricated by
Shanghai Smgui Technology Co.Ltd. The SIMOX
wafer had buried oxide layer with the thickness of
370nm and SOI film layer with the thickness of
190nm.

Until the gate formation ,the process technolo-
gy is conventional CMOS technology. The process
flow is described as below.

The SOI film thickness was thinned down to

50nm by two-step oxidation and oxide strip. The
isolation technology usedisL OCOS.BF.* wasinr
planted with energy of 40keV and dose of 4 x 10*
cm % as nMOSFETs V+ adjust implant ,and 40keV
6 x 10" cm ? aspMOSFETs Vr adjust implant. Af-
ter growing a 12nm gate oxide ,300nm polyslicon
layer was deposited. P* with energy of 70keV and
dose of 8 x10”cm”? was implanted into the poly-
slicon. The gate was patterned and etched to 0. 35

1 20 m range. Then phosphorus with energy of
10keV and dose of 3 x 10®cm™? was implanted in
NMOSFETs.BF:* with energy of 10keV and dose
of 3x10%cm”* was implanted in pMOSFETSs. The
purpose of the implantation isto form LDD struc
ture.

2.2 Nove technol ogy

The next process is to produce elevated
source/ drain structure by a novel technology. Fig-
ure 1 shows an abbreviated process flow of thin
film FDSOI device with elevated source/ drain
structure. After LDD implantation, 180nm thick
TEOS oxide was deposted. The first spacer was
formed by RIE process. Then BF.* was implanted
with energy of 40keV and dose of 2 x 10°cm ? as
thefirst p* implantation. As™ was implanted with
energy of 60keV and dose of 2 x 10 cm™? as the
first n* implantation. Second TEOS oxide with the
thickness of 300nm was deposted after first
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Process flow of novel technology to form ele-

source/ drain implantation. After the second spacer
formation ,a layer of amorphous slicon with the
thickness of 45nm was deposited by L PCVD. This
layer of amorphous dlicon is to form the elevated
source/ drain structure. The reason of not usng
polysilicon is the depostion temperature of amor-
phous dlicon is much lower than that of polysli-
con. This reduces the dopant diffuson effect that
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can make the device performance worse. Then
BF.* was implanted into the amorphous slicon
with the energy of 35keV and the dose of 2 x 10
cm’? as the second p* implantation. As* was im-
planted into the amorphous slicon with the energy
of 50keV and the dose of 2 x10"°/cm™? as the sec-
ond n* implantation. After a photolithography
process, the source/ drain area was protected by
photoresist. The other area of amorphous slicon
was exposed except the source/ drain area. Then
the amorphous dlicon of the exposed area was
etched. After
processes,only the source/ drain area was covered
by amorphous slicon. Therefore,the thickness of
source/ drain is thicker than that of the channel.

the photolithography and RIE

The second spacer is wide enough to separate the
source/ drain and gate. The resistance of LDD ex-
tenson is not large because the area below the sec-
ond spacer is n* or p* region. After a RTA
process,30nm thick Ti was deposited. Then TiS:
was formed using a conventional slicide process to
reduce the source/ drain sheet resstance. We can
see from the figure that the slicide layer has eaten
some SOl layer. The purposeisto eliminate thein-
terface between the SOl and the amorphous slicon
since there may have some defects. Therefore,the
thickness of amorphous slicon must fit the thick-
ness of Ti. The device without elevated source/
drain structure cannot supply the dlicon with that
thickness,s0 the thickness of Ti is around 20nm.
The source/ drain res stance of devices with elevat-
ed source/ drain structure is 3 &/ O ,and that of
devices without elevated source/ drain structure
and 20nm thick Ti to form dlicideis5 &2/ O.

3 Discussion

Figures 2 and 3 show the subthreshold charac-
teristics of NMOSFETs and pMOSFETSs, respec-
tively. The gate length is 0. 3% m,the gate oxide
thickness is 12nm. The channel dopant of nMOS
FETs(pMOSFETSs) isBF.* with concentration of
4 x10%cm ? (6 x10"cm ?) . It isobvioudy that the

both NMOSFETs and pMOSFETSs have quas-ideal
subthreshold properties;the subthreshold sope of
NMOSFETsis 65mV/ decade ,while that of pMOS
FETsis 69mV/ decade. When the dlicon thinfilm
entersinto the fully-depleted region ,its subthresh-
old dopeis much better with value close to the ide-
al case- (kT/ g (In10) mV/ decade due to the buried
oxide isolation between the channel and the
grounded substrate. Furthermore ,we can see from
the Figs.2 and 3 that the DIBL effect is very little
inether NMOSFETsor pMOSFETS.
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Fig.2 Subthreshold characteristics of nNMOSFETs
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Fig.3 Subthreshold characteristics of pMOSFETSs

The comparison of saturation currents be
tween elevated source/ drain devices and normal de-
vicesis shown in Figs.4 7. In this case,we use
1 22 m gate length devices because we have no
0. 331 m devices experiments results before. The
gate oxide thicknessis 12nm ,too. The channel dop-
ant and concentration of nMOSFETs and pMOS
FETs are same with that of the 0 33 m gate
length devices. The processes of the two kinds of
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devices are almost same except the processes to
form elevated source/ drain structure. The satura
tion current of NMOSFETSs was increased by 32 %
with elevated source/ drain structure ,while the sat-

without elevated source/ drain structure

uration current of pMOSFETs was increased by
24 %. Using the elevated source/ drain structure by
novel process technology, the drain current has
been improved substantially.

Figure 8 shows the propagation delay of 101-
stage thin-film FDSOI CMOS ring oscillator. The
per-stage propagation delay of 101-stage SOI
CMOS ring oscillator is 75ps with 3V supply volt-
age. The speed of FDSOI CMOS circuits is faster
than that of partially-depleted SOl CMOS circuits
and bulk circuits due to high mobility ,high trans
conductance ,and low paradtical capacitance.

Fg.8 Propagation delay of 101-stage FDSOlI CMOS
ring oscillator

4 Conclusion

We have success ully fabricated the thinfilm
FDSOI devices with elevated source/ drain struc
ture. The novel technology to form elevated
source/ drain structure is brought forward first.

Both NMOSFETs and pMOSFETSs have quas-ideal
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subthreshold properties. The DIBL effect of them
is little. The saturation current is improved sub-
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