26 1
2005 1

CHINESE JOURNAL OF SEMICONDUCTORS

Vol.26 No.1
Jan. ,2005

W/ TiN Gate Thin-Film Fully-Depleted SOI CMOS Devices

Lian Jun and Hai Cheohe

(Ingtitute  Microgectronics, Chinese Academy d Sdences, Bdjing 100029, China)

Abgract : TiN gate thinfilm fully- depleted SOI OMOS devices are fabricated and d scussed. Key process techrologes are dermort

drated. Gompared with the dud polyslicon gate devices,the channd doping concentration of nMOS and pMOS can be reduced
without changing threshold woltage (V1) which enhances the nohility. Symmetrica Vris achieved by nearly the same V inplant

dbse because of the near mid-gap workfunction of TiN gate. The SCE dfect is inproved when the thinfilm thickness is reduced.
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1 Introduction

As microdectronics techrology enters the deep-sub-
micron arena ,fully-depleted SOI (FDSOI) techrology as
sumes a prominent postion as a potentia <l ution to the
problems asociated with continued device scalingt™.
Sme of the bendfits of usng FDSOI are the reduction of
the junction capacitance ,the immunity for radiation ,the
latch up-free for complementary metal-oxi de- semiconduc-
tor (CMOS) , the suppresdon of the short-channd d-
fects!?! the process snplicity ,higher device packing derr
gty ,and o on. FDSOI devices are a0 superior to thick-
film ,partially-depleted SOI(PDSOI) devices ,because FD-
0! MOSFETs have o body effect!®!.

A problem of FDSOI is thresold woltage (V1) conr
trol . Snce conplete depletion of the channg regon under
normal device operation requires an ultrarthin dlicon film
with a low doping in the channel region® it is very diffi-
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cult to obtain dedrable Vrwith low channd doping by us
ing convertiond polydlioon gates. The inverse dual-poly
gate,i.e.p” poly for tMOS and n* poly for pMOS,can
provide symmetrical V1 ,but the absolute V1 val ues are too
large for operation at low supply woltage!®! . Furthernore
the thresold woltage variation can be caused by dlioon
film ron-uniformity in FDSOI devices. These problems can
be slved through usng mid-gap work function gate mate-
rids. Further perfformance inproving of GMOS devices d 0
has encountered a seriesdf problems such as high gate re-
ggance, boron penetration, and polyslicon gate deple
tion'®! . Usng metal gate can awid these di sadvantages.
Different gate materias, W/ TiN ,9 G, Ta,Mo ,and
9 on, have been proposed to replace polyidlioon. Meta
gete eectrode is a superior candidate for OVIOS devices
because it has no gate depletion and has a low sheet res s
tance. We choose W/ TiN as the gate meterid because of
its high therma gdahility ,low reddivity ,and high process
compatibility!”!. Another advantage is its mictgap work
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function ,approximately 4. 8eV for TiN film Jlocating in the
middle of the dlicon band gep.

2 Device fabrication

2.1 Fabrication flow

The SIMOX wéfers used were fabricated by Shanghai
9mgui Techrology . , Ltd. The SIMOX wder has
370nm of buried oxide layer and 190nmaf SOl film layer.

Fgure 1 dhows an abbreviated process flow o the
thinrfilm FDSOI device with W/ TiN gate. Except for the
gate dack depodtion and definition geps,the metd gate
devices have the same process flow with conventiond poly
gate devices. The S0l film thickness was thinned down to
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Fg.1 Abbreviated processflow of the thirfilm FDSOI de-
vice with W/ TiN gate

60nm by two-sep oxidation and oxide grip. The iolation
techrology used isLOCOS. BF, was inplarted with ener-
gy of 40keV and dose of 6 x 10™cm” % as NMOSFETSs V1
adjug inplant. Phogphorus was inplanted with energy of
30keV and dose of 5 x 10™cm” 2 as pMOSFETs V adjust
implant. After groning a 12nm gate oxide ,the W/ TiN lay-
erswere Puttered. A 100nm 9O, layer was deposted on
the metd layers. After gate patterning to 1. 21 m ,the etch-

ing of W and TiN were done sparately to ensure no etch
damage to the underlying gate oxide. Little gate oxide loss
was observed dter TiN etching. Then phogphorus with en
ergy of 10keV and dose of 3 x 10™cm” 2was inplanted in
NMOSFETs. B, with energy of 10keV and dose of 3 x
102cm” 2 was inplanted in pMOSFETs. The purpose of
the inplantation is to form LDD gructure. After a 300nm
TEOS oxide goacer formeation ,BF, was inplanted with
energy of 40keV and dbse of 2 x 10”cm™ 2asp* inplanr
tation. As™ was inplanted with energy of 60keV and dose
o 2x10”cm ?asn* inplantation. After RTA process,
20nmrTi was deposted. Then TiS, was formed usng a
conventional dlicide process to reduce the source/ drain
sheet red qance.

2.2 Key techndogy

We choose guttering depostion because it is nore
favorable than chemicad vepor depodted (CvD) for the
oonvertional CMOS process. The impurity contained in the
CVD metd degrades the gate didectric rdliability a highr
tenperature anneding processt®! . Pnysical vapor deposi-
tion (PvD) usually induces damage to gate didectric ,
how to reduce the degradation of gate oxide and to lower
the suface dates are the key factors. Smdler RF power
and higher N/ Ar ratio will lead to a srdler uttering
rate. By reducing the uttering rate ,the suface date
densty (Ng) can be reduced ,too!® . This indicates less
damage to the gate didectric. Therfore ,we reduce the
Puttering rate from 8. 6nm/ min to 2. 2nm/ min. Increas
ing No/ Ar ratio a © helps to terminate the danding bonds
by nitridation ,which occurs on the didectric surface dur-
ing uttering depostion! ™!
TiN. The thickness of TiN is 35nm. When TiN thickness
was changed from 20nm to 35nm ,the conpressve gress of
the TiN film was changed into a small tendle sress™
and induced less damage to the gate didectric. The thick-
ness of 90, on the dack meta layersis 100nm. The pur-
pose o thislayer isto protect the gack gate from damage

and reduces the regivity of
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in implantation. If the layer istoo thick ,the depth of conr
tact hole on the gate will be too much deerent with that
on the source/ drain. Gontrarily ,gopropriate thickness can
help reduce the depth deference of contact hole dter arr
neding. Because in conventional poly gate devices ,the di-
eectric layer thickness on the gate is thinner than that of
the ource/ drain dter annealing.

3 Resultsand discussion

In order to evaluate the basc characteridics of the
TiN gate dectrode on the surface channd , subthreshold
characterigics of TiN gate and dual-polydlicon gate FD-
0l devices were dmulated firg as shown in Hg. 2. Both
the devices have 0. 2% nrlength gate and 60nmthickness
Ol film. The smulations were performed usng Tsupremd
and Medici. It is obvioudy observed that the TiN gate
electrode enhances the abslute Vrof both the nMOS and
pMOSwith the same V+ inplant dose. V1 is higher than
that of dua-polydlicon gate devices by 180mv and
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Fg.2 Subthresold characterigicsfor the W/ TiN gate and
dud-poly- S gate

130mV for nMOS and pMOS ,repectively. Appropriate V
with TiN gate FDSOI can be achieved with dgnificantly
lower doping. The nohility can a < be increased with low
er doping. The threshold wvoltage can be snply expressed
asfollow:

V1 = Vip + 2% + 0oNen Ta/ Giox
Nen is the inpurity concentration , Tg is the thickness of

S0l film, Giox is the front gate cgpacitance , Vi istheflat-
band woltage of the front gate. The increase of Vrfor TiN
gete is primarily due to the near mid-ggp work function of
TiN. dV¢/ Tg is d gmdler due to the lower channd
doping concentration. Therdfore , the V1 dependence on
Tg is rot dgnificant.

Fgures 3 and 4 show the subthreshold characterigic
o nMOS and pMOS, repectively. We can se from the
figures that the Vrof nMOS and pMOSis 0. 845V and -
0. 840V ,repectivay. Vris symmetrica with nearly the
same Vyinmplant dose. Thisis d9 due to the near mid
gap work function of TiN. The leakage current in the off
regon is smdler than the noise current of the test equip-
ment (between 10 °A and 10 °A) . Thisis helpful to re-
duce the power consumption of the circuits.

Fg.3 Subthresold characterigics of NMOS

|I:- f__,...—\:-

Fg.4 Subthresold characterigics of pMOS
The 14 Vqy characterigics of nMOS and pMOS are

shown in FHgs. 5 and 6. The stturation currents are about
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1741 A/ mfor NMOS and 941 A/ mfor pMOS. The satu-
ration currents are rot very big. This may due to the high
ource/ drain series red gance of thin SOI film. Higher sat-
urtion current can be obtained by usng eevated ource/
drain sructure!™!.
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FHg.6 Output characterigics of pMOS

In order to evauate the impact of the thickness of
thinfilm SOl on the short channdl effect (SCE) the rda
tionship between Vi and L« was dmulated usng
Tsupremd and Medici with the same Vrinplant dose denr
dty a the given thicknessof SOI. FHgure 7 shows Vr ver-
sus Lgs when Tg is 50nm. Fgure 8 shows the Vr versus
Lgt When Tg is 27nm. We can see from the figures that
the Vy roll-off is gill quite serious when Tg is around
50nm range ,but this condition can be much inproved by
thinning Tg to about 27nm. For both NMOS and pMOS
devices,when the thinfilm thickness is reduced , their
CE becomes srdller dnce the ocontrollability of the front

gate over the active channe regon is dronger and the
urce/ drain has a less irfluence on the channd . Howew
er ,the thinner SOI film can bring the higher ource/ drain
sheet red gance ,which reduces the output current. Fully-
depleted SOI CMOS devices with devated source/ drain
gructure can take the advantage of thinfilmwithout rais
ing the urce/ drain sheet red gance.

|-'|Il
|
. ‘,' nMas
02
il

L

Hg.7 Vr versus Lg when the thickness of SOI film is
50nm

Flg.8 Vr versus Lgr when the thickness of SOI film is
27nm

4 Conclusion

We have successully fabricated the thinfilm FDSOI
devices with W/ TiN gate. Key process techrologes such
as depodtion node , puttering process ,and TiN thickness
were denmondrated. Under the condition of same Vrim-
plant dose ,ablute vdue of Vo both NMOS and pMOS
by usng the TiN gate is higher than that of the dua
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polyslicon gate OMOS devices. Therdore ,appropriate Vr
vaue can be achieved with lower Vrinplant dose. As a
result ,the nobility isincreased ,and the saturation current
can be increased ,too. With the near mid-ggp work func-
tion of TiN , symmetrica V1 values have been achieved
with low Vrinplant dose. Furthernore ,we can lve the
problems such as high gate red gance ,boron penetration ,
and polydlioon gate depletion of oconvertiona poly gate
devices. The saturation currents are 1744 A/ m for nMOS
and 941 A/ m for pMOS. However ,the thinner SOI film
is,the better to control the SCE dfect. The problem of
high ource/ drain resgance of thin SOl film can be
lved by devated urce/ drain dructure.
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