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Abstract
We report on the design, manufacturing and performance ofNMOS
transistors optimised for an effective channel length of 0.13 pm. The
inñuence of the gate oxide thickness and pocket implants to device
performance was studied. Pocket implanted devices show a high
drive current (530 pA/pm at 1.8 V) and low off-current, with good
suppression ofshort channel effects and a lifetime of 10 years at 1.8 V.

Introduction

The down-scaling of MOS transistors into the deep-submicron regime involves
various technological challenges such as the reduction of the gate-oxide thick¬
ness to below 5 nm, the reduction of the junction depth of source and drain
(~50 nm), and a high electrical activation of the dopants at a reduced thermal
budget. To alleviate these problems the implementation of novel architectures
and materials, such as elevated source/drain structures and gate dielectrics
with a high dielectric constant, are widely investigated. However, due to the
increased process complexity of these schemes conventional scaling is still an
attractive option [1], at least down to the 0.1 pm generation.
In this paper we present the design and characterisation of high-performance
"conventional" 0.13 pm channel length NMOS devices optimised for 1.8 V
supply voltage. The optimisation of the gate oxide thickness for this generation
is discussed, and pocket implants [2] are considered as a means to reduce short
channel effects.

Device fabrication

NMOS devices were fabricated using shallow implanted well technology and
an advanced LOCOS isolation scheme [3]. High-quality gate oxides with good
uniformity were grown in a conventional horizontal furnace at a temperature
of 850°C [4], in 10% 02 with trans-DCE (no nitridation). The gate oxide
thickness was varied between 2.9 nm and 4.6 nm. Polysilicon with a thickness



330 J. Schmitz et al Design and Characterisation ofHigh-...

of 200 nm was patterned using direct-
write electron beam lithography and
etched using a hard (TEOS) mask.
In spite of the overetch needed with
the given LOCOS topography, the se¬

lectivity of the etch towards oxide was
sufficient to stop on the thinnest ox¬

ide. Drain structures with shallow
(60 nm) Arsenic extension and with
or without tilted Boron pocket im¬
plants were studied (see figure 1); the

implant tilt angle was fixed at 25°. After implantation of the source/drain ex¬

tensions and the pockets, a rapid thermal anneal at 950°C was performed prior
to spacer formation. Spacers were formed from a 150 nm TEOS oxide. The
activation of the gate, source and drain was done at 1000°C RTA, leading to
low gate-depletion while maintaining shallow junctions at the source and drain
extensions. Titanium salicide (20 nm) was used for low gate and source/drain
resistance. Contacts and metal 1 were formed, and the wafers received a final
30 minute alloy in H2/N2 at 400°C.

Results

Saturation and subthreshold characteristics of 0.13 /zm channel length NMOS
devices with B pocket implants and a gate oxide thickness of 4.0 nm are shown
in figures 2 and 3. The Leff was determined from transistors with different gate
length using MOS Model 9 parameter extraction [6]. A high current drive (530
/¿A//zm at 1.8 V) and good control of subthreshold leakage are observed, with
a subthreshold slope of 82 mV/decade independent of the drain voltage. The
series resistance of the devices is 320íí/¿m. In figure 4 the dependence of
VT on channel length is shown for conventional and pocket devices. A current
criterion (IO-7 Ax^) was used for determination of VT. The threshold voltage
of the long-channel devices is almost identical for the two devices, while the
roll up (reverse short channel effect) is less than 50 mV for both the devices
with and without pocket implants. However the control of the short channel
effects is significantly improved with pocket implants.
The influence of the gate-oxide thickness on the on- and off-current is shown
in figure 5. The transistors with the thinnest gate oxide (2.9 nm) suffer from
gate-induced drain leakage (GIDL). No GIDL is observed on the devices with
> 3.2 nm gate-oxide. The optimum gate oxide thickness for this generation
may therefore be determined by uniformity issues and the problem of boron
penetration in the PMOS transistor. For our conventional furnace-grown gate
oxides, the uniformity across the wafer is 2.2% (RMS) for the 3.2 nm case,
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Fig. 1: Layout of the NMOS transistor.
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Fig. 4: Threshold voltage versus Lcff for Fig. 5: Ion versus Ioff for different gate-oxide
devices with and without pockets. thicknesses.

determined by ellipsometry and confirmed with Isat measurements on long-
channel devices. The uniformity improves to below 1% for the thicker oxides.
In figure 6 hot-carrier lifetime data of pocket devices are plotted versus the
inverse drain bias. The lifetime criterion was 10% change in the linear transcon¬
ductance (DC stress at maximum substrate current). The extrapolated lifetime
at 1.8V is 10 years, in accordance with the specifications.
The substrate current Iß has a maximum value at Vgg=0.7-0.9 V, and depends
on Leff and Tox as shown in figure 7. The maximum substrate current is
normalised to the drain current at the same Vgg and Vds. A thinner oxide
results in a higher substrate current, as can be expected from the higher electric
field at the drain edge. The figure also shows that pockets have no significant
influence on the substrate current, indicating a similar device lifetime.
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Fig. 6: Hot carrier lifetime measurements for
pocket devices.
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Fig. 7: The ratio Ig^/Io for various gate ox¬
ide thicknesses and with/without pockets.

High quality 0.13 pm NMOS devices have been fabricated with a high drive
current and low off-current. Tilted pocket implants of Boron improved sig¬
nificantly the short-channel behaviour without degrading device performance
and device reliability, and without enhancing the reverse short channel effect.
Good transistor performance was obtained with a gate oxide thickness down
to 3.2 nm, below which gate-induced drain leakage occurs.
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