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In this paper, we propose a novel Schottky barrier MOSFET structure, in which the silicide source/drain is designed

on the buried metal (SSDOM). The source/drain region consists of two layers of silicide materials. Two Schottky barriers

are formed between the silicide layers and the silicon channel. In the device design, the top barrier is lower and the

bottom is higher. The lower top contact barrier is to provide higher on-state current, and the higher bottom contact

barrier to reduce the off-state current. To achieve this, ErSi is proposed for the top silicide and CoSis for the bottom
in the n-channel case. The 50 nm n-channel SSDOM is thus simulated to analyse the performance of the SSDOM
device. In the simulations, the top contact barrier is 0.2e V (for ErSi) and the bottom barrier is 0.6 eV (for CoSi2).
Compared with the corresponding conventional Schottky barrier MOSFET structures (CSB), the high on-state current
of the SSDOM is maintained, and the off-state current is efficiently reduced. Thus, the high drive ability (1.2 mA/um
at Vgs = 1V, Vgs = 2 V) and the high Ion/Imin ratio (108) are both achieved by applying the SSDOM structure.
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1. Introduction

As the feature size of the metal-oxide-semi-
conductor field-effect-transistor (MOSFET) has been
scaled down to several deca-nanometres, CMOS tech-
nologies face many challenges, such as the gate engi-
neering, the source/drain issues and the short chan-
nel effect (SCE), etc.'=3] The source/drain issues
are involved with heavy doping, ultra-shallow junc-
tion, steep doping profile and low source/drain se-
rial resistance. It is urgent to find a solution for
technology nodes of 45 nm and beyond. Recently,
the Schottky barrier source/drain MOSFET structure
(SB-MOSFET) is proposed as an effective alternative
to the conventional doped source/drain structures.

In 1999, Wang et al reported the experiments
on 40 nm p-type SB-MOSFETs. In the next year,
Kedzierski et al further proposed 20 nm thin-body
SB-MOSFET.!®! For the SB-MOSFETS, the silicons
at the source/drain regions are silicided, and the
source/drain doping and annealing processes are no
longer needed. Without the high temperature pro-
cesses, new materials, such as the metal gate and
high-%k dielectric stacks, can be feasibly employed

for the future SB-MOSFET structures./®" The ger-
manide materials have also been studied for the fu-
ture applications.!®?) With the source/drain silicided
rather than doped, the SB-MOSFET can feasibly be
provided with ultra-shallow metallic source/drain and
relatively low serial resistance, thus, can be made im-
mune to the short channel effect effectively. According
to the International Technology Roadmap for Semi-
conductors (ITRS’03),1'% the SB-MOSFET has been
considered as a candidate for the future applicable

structure.

In recent years, many researches have been
worked out for the SB-MOSFETs. The theoretical
and experimental studies have shown the Schottky
barrier height at the source/drain has important im-
pact on the device performance. It has been pointed
out that the lower barrier materials (e.g. ErSi for n-
channel and PtSi for p-channel) can help to increase
the on-state current (Io,), and the mid-gap ones (e.g.
CoSiy and NiSi) to decrease the off-state current (Iog).
As a result, a tradeoff should be made between the
lower I,g and the higher I,,. In addition, Saitoh et
al™ and Zhao et al'? demonstrated the performance
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of SB-MOSFET could be optimized with silicon on in-
sulator (SOI) substrate. It is found that I,, mainly
is provided at the source contact in the region that
is several nanometres below the gate oxide. The an-
alytical work by Knoch and Appenzeller!*® proposed
to use 10 nm ultra-thin body (UTB) substrate to im-
prove the I,,/I.g ratio. However, while the silicon
body thickness is thinned down to several nanometres,
other parameters, such as the threshold voltage, will
become sensitive to the thickness variation.'¥ And
the requirement of the UTB thickness uniformity is
also rigorous for the real applications.

In this paper, we propose a novel SB-MOSFET
structure with source/drain silicide on buried metal
(SSDOM). The SSDOM can improve the drive per-
formance and suppress the short channel effect more
effectively. In the following sections, numerical simu-
lations are carried out to compare the performance of
SSDOM with those of the conventional SB-MOSFETSs
(CSBs).

2. Device structure and working
principle

The schematic cross-section of the SSDOM is
shown in Fig.1(a). The source/drain region consists
of two layers of silicide materials. The top silicide ma-
terial forms the lower barrier with the silicon channel,
and the bottom silicide forms the higher barrier. For
n-channel device, ErSi is proposed for the top silicide,
and CoSiy for the bottom. The lower top contact is
designed to provide higher I,,, and the higher bottom
contact is to reduce the I g.

The two-dimensional simulations of the n-channel
SSDOM are performed to study the working principle
of the SSDOM. The structure parameters in the sim-
ulations are given in Table 1.

The gate length (L) is 50 nm, and the equivalent
gate oxide (EOT) is 1 nm thick, according to the re-
quirement in ITRS’03.1'% The silicon channel is p-type
doped at the concentration of 10 cm™3. The gate
material is polysilicon, and the corresponding work
function is 0.54 eV. The barrier height of the top con-
tact is 0.2 eV (for ErSi), and the bottom barrier is
0.6 eV (for CoSiz). The top contact vertical width
(diop) is 5 nm, and the bottom contact width (dbm)
is 25 nm. The horizontal extents of the source/drain
are both 50 nm, and the buried oxide thickness (dpox)
is 200 nm.

Table 1. Simulation parameters of n-channel SSDOM.
Gate length (Lg) 50 nm
Gate dielectric stack (EOT) 1 nm
Channel doping (Ny4) 10%6cm—3
Gate work-function 0.54 eV
Spacer material SiO2
Top contact barrier 0.2 eV
Bottom contact barrier 0.6 eV
Thickness of the TSL (dtop) 5 nm
Thickness of the BSL (dptm)? 25 nm
Source-Drain bias (Vgs)? 1V
Gate bias (Vgs) —05t02V

2 TSL and BSL are the short form of top and bottom
silicide layer, respectively.
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Fig.1. Schematic cross-section of: (a) the SSDOM, (b)
the CSB. The source/drain region of SSDOM consists of
two layers of silicide materials. The top silicide material
(e.g. ErSi) forms the lower barrier with the silicon chan-
nel, and the bottom silicide (e.g. CoSiz) forms the higher
barrier.

The simulations are performed with the commer-
cial simulator ISE/DESSIS.[**] The full-coupled and
non-local tunnelling model*® is self-consistently im-
plemented in the simulator. The two major transport
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mechanisms for the Schottky contacts, thermionic
emission and barrier tunnelling, are considered in
the device simulations. The tunnelling currents of
the Schottky contacts are calculated based on the
Wentzel-Kramers—Brillouin (WKB) approximation.
The tunnelling probability I'y, at the perpendicular

distance r from the Schottky contact, can be described
(15]
as

r=eol-3 [ Vam B Emar] @)

where E.(r) is the band edge at the location r and
m* the tunnelling mass. Thus, the tunnelling current
density J; at a range of r is:

Jt — Jt,s—m - Jt,m—sa (2)

here J; s—m is the tunnelling current from silicon to
silicide and can be expressed as!'¢

Jt,s—m = A*T2/ Ft (T(E/))
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where ¢ is the carrier energy at location r, e(r) =
E.(r), and er the quasi Fermi-level in the silicon, A*
the effective Richardson constant, and T' the carrier
temperature. And J;m—s is the tunnelling current

from silicide to silicon and expressed as!'f]

Jt,m—s = A*TQ/ I (T(E/))

€
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here epy, is the Fermi-level in the silicide.

The performances of the CSB are also simu-
lated for comparison. The schematic structure of the
CSB is shown in Fig.1(b). In the simulations, the
source/drain barrier heights for the CSB are 0.2 eV
and 0.6 eV respectively, and the contact vertical width
is 30 nm. The other parameters are the same as those
of SSDOM.

3. Results and discussions

Figure 2 shows the transfer characteristics of the
SSDOM and those of the corresponding CSB. For
the CSB, the device drivability can be enhanced by
about four times by using the lower source/drain bar-
rier (Ion = 1.4 mA/um for the CSB with 0.2 eV
source/drain barrier and 0.2mA /pm for the CSB with

0.6 eV source/drain barrier, at Vs =1V, and Vs =
2V).

Ids/(A//J’m)
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Fig.2. The transfer characteristics of the SSDOM and
those of the CSB with the source/drain barrier heights of
0.2 eV and 0.6 eV respectively. The source—drain bias Vyg
equals 1 V.

Furthermore, the leakage current of the CSB with
0.6 €V source/drain barrier can be reduced by five or-
ders of magnitude compared with that of the CSB
with 0.2 eV source/drain barrier (Iog = 0.2 nA/pum
for the CSB with 0.6 eV source/drain barrier and
9 pA/pm for the CSB with 0.2 €V source/drain bar-
rier, at Vgg = 1 V, and Vg = 0 V). Thus, the lower
barrier materials can be used for the high-performance
application, and the mid-gap ones for low-operation-
power case. Compared with the CSB, the SSDOM can
maintain the benefits at both on-state and off-state.
I, of the SSDOM is almost the same as that of the
CSB with 0.2 eV source/drain barrier (1.2 mA/um
for SSDOM and 1.4 mA/um for CSB with 0.2 eV
source/drain barrier, at Vgs = 1 V and Ve = 2 V).
In order to eliminate the influence of the threshold
voltage, it is a better choice to study the minimum
current I, for the comparison of leakage currents.
Imin of the SSDOM can be reduced to the same level
as that of the CSB with 0.6 eV source/drain barrier
(Imin = 0.7 nA/pm for SSDOM at Vgs = 1 V and
Ves = —0.4 V, and Inin = 0.2 nA/um for the CSB
with 0.6 eV source/drain barrier at Vg = 1 V and
Ves = 0 V). As a result, the SSDOM can reach the
highest I,y /Imin Tatio of 10°.

For the explanation of the performance enhance-
ment for the SSDOM, we analysed the on-state cur-
rent density (Jon) at Vis = 1 V, Vg = 2V, and the
off-state current density (Jog) at Vas =1V, Vg =0V,
along the source/channel interface from the top gate
to the bottom oxide (shown as y-direction in Fig.1).
The source/channel contact is divided into a number



No. 1

Schottky barrier MOSFET structure with silicide source/drain on buried metal 243

of units, and the currents densities offered by each unit
are calculated as nominal J,, and Jog. Then, the cur-
rent density at y = 0 represents the current offered by
the region of the source/channel contact that is just
below the gate oxide, and that at y = 30 nm repre-
sents the current offered by the region just above the
buried oxide.
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Fig.3. Jon (at Vg = 1V, Vg = 2 V) and Jog (at

Vis = 1V, Vgs = 0 V) along the source/channel inter-
face (from top gate to bottom oxide), for the SSDOM and
the CSB (0.2 eV source/drain barrier) respectively.

The simulation results of the SSDOM and the
CSB with 0.2 eV source/drain barrier are shown in
Fig.3. For the CSB, J,, decreases from y = 0
and becomes ten times lower at y = 5 nm (Jo, =
2x10% A/pm? at y = 0, and 107 A/um? at y = 5 nm).
As a result, the on-state current is mainly offered by
the source/channel interfacial region, which is only
For the off-state, Jog
increases from y = 0 and becomes nearly saturated

5 nm below the gate oxide.

(10> A/m?) at y = 10 nm. This phenomenon can
be explained with the drain-induced barrier tunnelling
(DIBT) effect.'"-'8 The electric field, which is pene-
trated from the drain, will make the source barrier
thinner, and the barrier tunnelling current will in-
crease even at Vg = 0 V. For comparison, Jo, of the
SSDOM changes in the same way as that of the CSB
with 0.2 eV source/drain barrier. The 5 nm top con-
tact width is large enough to provide the main por-
tion of the tunnelling current for the on-state. And
the bottom contact can efficiently reduce Jog: Jog for
SSDOM reaches the highest point (4 x 10 A/m?) at
y = 3.75 nm, and becomes lower than 2 x 103 A/m?
for y > 5 nm. Then, I,g of the SSDOM can be ex-
pected to be two orders of magnitude lower than that
of the CSB with 0.2 eV source/drain barrier.

In order to increase the device drive current, the
studies of lower Schottky barrier materials were paid

much attention. Tao et al reported to achieve 0.1 eV
barrier height on n-type substrate by surface passiva-
tion with selenium.!'®! The case of zero barrier height
has also been studied for the future applications.20:2"]
Here, the SSDOMs with the top contact barrier of
0eV, 0.1 eV and 0.3 eV are simulated respectively. In
the simulations, the bottom contact barrier is fixed at
0.6 eV and the device structure is the same as that in
Fig.1(a). The simulated relations between the device
performance and the top barrier height are shown in
Fig.4. As the top contact barrier decreases from 0.3 eV
to zero, Ion (at Vas = 1V, Vg = 2 V) increases from
0.9 mA/pum to 1.5 mA/um (nearly 60%). At the same
time, Iog (at Vas = 1V, Vg = 0 V) also increases from
0.03 pA/pm to 4 pA/pm (about 100 times). Then, the
highest I,,,/Iog ratio is achieved with 0.3 eV top bar-
rier. As aresult, the zero top barrier can be applied for
the high performance application (I, = 1.5 mA/um
at Vags = 1V, Vg = 2 V), and the 0.3 eV top con-
tact for low power (Ion/Iog = 4 x 10%) application

respectively.
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Fig.4. Dependence of Ion (at Vgs =1V, Vgs =2 V) and
Iog (at Vgs =1V, Vgs = 0 V) on the top contact barrier
height. The barrier heights of the top contacts are 0, 0.1,
0.2 and 0.3 €V, and the bottom contact barrier is fixed as
0.6 eV.

Figure 5 shows the relationship between the top
contact width diop, and the performance of the SS-
DOM. In the following simulations, the SOI thickness
is fixed at 30 nm, then dptm = 30 nm—diop. It is
shown in Fig.5 that di., has made obvious impact on
Ig (at Vs = 1V, Vg = 0 V). I,g decreases about
seven times at diop is thinned down from 30 nm to
10 nm (from 8 pA/pum at diop = 30 nm to 1.2 pA/um
at dyop = 10 nm). The decreasing of I,z becomes even
faster as diop < 10 nm (1.2 gA/pm at dyop, = 10 nm to
0.1 pA/pm at diop = 3 nm). As the bottom contact
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width dpym will increase at diop decreases, the simula-
tion results also demonstrate the bottom contact can
efficiently reduce the leakage current.
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Fig.5. Ion (at Vgs = 1V, Vg = 2 V) and I,z (at

Vis = 1V, Vgs = 0 V) of the SSDOM as functions of
the top contact width dtop (the SOI thickness is fixed
as 30 nm, and dtop range from 3 nm to 30 nm, then
dbtm = 30 nm—dmp)

Moreover, I, (at Vas =1V, Vs = 2 V) changes
only by 4% while di,p varies from 30 nm to 15 nm
(1.44 mA/pm at diop=30 nm, and 1.38 mA/um at
diop = 15 nm).
3 nm, I,, decreases faster (from 1.38 mA/um at
diop = 15 nm to 1.14 mA/pm at diop = 3 nm). The
variation ratio of I, is still less than 17%. Thus, de-

When diop varies from 15 nm to

creasing dop will contribute to the reduction of Iog,
while I, is not much influenced.

4. Conclusions

In this paper, a novel SSDOM structure has been
proposed for the nano-scale applications. The sim-
ulation results have shown that the SSDOM has a
better performance than those of the CSB. The on-
state current is almost the same as that of the CSB
with 0.2 eV source/drain barrier. The off-state min-
imum current of the SSDOM can be reduced to the
same level as that of the CSB with 0.6 €V source/drain
barrier. The working mechanisms of the CSB and the
SSDOM have been investigated by comparing the on-
state current density and the off-state current density
along the source/channel interface. The results show
that the on-state current is mainly provided by the
source/channel interfacial region, which is only 5 nm
below the gate oxide. Also, the Jog increases from gate
oxide/silicon channel interface, and becomes nearly
saturated at y = 10 nm. Thus, the off-state current
can be efficiently reduced by applying higher barrier
for the bottom contact. The relation between the top
contact width diop, and the performance of the SS-
DOM has also been studied. The device performance
of the SSDOM can be enhanced by optimizing the top
contact width.
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