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Impact of Source-Drain Extension Dose on Hot-Carrier Reliability
in 0.1pm nMOSFETs

Yoshihiro Takao, Koh Watanabe, and Seiichiro Kawamura

LSI Process Development Division, FUJITSU LIMITED
1015 Kamikodanaka, Nakahara-ku, Kawasaki-shi ztl, Japan

In this paper, the hot-earrier reliability and performance of
source-drain extended nMOSFETs fabricated with various source-drain
extension doses are discussed. It is shown the nM0SFET with an
optimum dose of lX101scm-2 has higher reliability and performance,
compared to the LDD nM0SFET. Moreover, the influence of the hot-
carrier degradation on circuit speed is examined by circuit
simulation, and the advantage of the source-drain extended nM0SFETs
is discussed from the viewpoint of both reliability and performance.
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1. INTNOIf,JCTION

Using a shal low source-drain extension(S/D-
ex) in combination with deeper source and drain
is one of the most important factors to increase
current drivability and reduce short channel
effects in 0.Lpm M0SFETso) However, one of
the concerns for the source-drain extended
nM0SFETs is the hot-carrier reliability, since
the electric field near the drain region is not
fully relaxed because of high-doped source-drain
extension, compared to conventional LDD
nMOSFETs. In this paper, we studied the hot-
carrier reliability of nM0SFETs fabricated with
different source-drain extensions doses and the
electric field distribution near the drain
region in device simulation, and investigated
differences in degradation between the LDD and
the source-drain extended nMOSFETs. Moreover,
we examined the influence of the hot-carrier
degradation on circuit speed by circuit
simulation, and discussed the advantage of the
source-drain extended nM0SFETs from the
viewpoint of both reliability and performance.

2. I}EVICE FABRICATION
Figure I shows a schematic cross-section of

the source-drain extended nM0SFET. After the
channel region was implanted by B* 30keV with a
dose of 6X 10r2em-2, the gate electrode on a
4nm-thick gate oxide was patterned by electron
beam lithography. The souree-drain extensions
were implanted by As* 10keV with various doses
from 1x 10r4 to 1x l0rscm-2, and 60nm-thick
Si0z sidewall was fabricated. After RTA at
1000C for 10 seconds, the source-drain extended
nM0SFETS with an effective channel length of
0.16p rn were fabricated. Conventional LDD

Ileeper S/I)
Si-sub.

Fig.1 Schematie cnoss-seetion
of souree-drain extended

(S/D-ex)nl0SFET

nM0SFETS were also fabricated by As * l0keV
implantation with a dose of 1X 10r3cm-2 as
controls. The impurity concentration in the LDD
is larger than that in the channel region by a
factor of 10, and a depletion layer is formed
in both channel and drain regions. Il|ith a dose
over 1 X 101 4cm-2, the depletion layer i s
scarcely formed in the drain region, and we
call the source-drain fabricated with a dose of
lX 1013cm-2 as LDD and that with a dose over 1

X1014cm-2 as extended source-drain, iil this
paper.

3. HPERI}IENTAL RESIJITS AND DISC{JSSION
As shown in Fig. 2, the drain current of

the source-drain extended nMOSFETs increases
with dose, and is higher than that of the LDD
nMOSFET by 40% for a channel length of 0.tipm
and a dose of 1X 1015cm-2. The hot-carrier
lifetime both for the LDD and the source-drain
extended nM0SFETs for a channel length of 0. lG
p n was measured under DC stress, as shown in
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Fig.2 Gate length dependence of drain
curnent with various doses

Fig. I and 4. A stress gate voltage was chosen
for maximum substrate current, and the lifetime
rlas defined as a stress time for 10if
degradation of the drain current. The drain
current l{as measured in reverse mode after
stress. Under a dose of 1x 10r5cm-z, the
source-drain extended nM0SFETS show longer
Iifetime than the LDD nM0SFET, as shown in Fig.
8. For the same substrate current, the source-
drain extended nMOSFETsr lifetime is Ionger
than the LDD'S by a factor of 10, and there is
no significant difference in degradation between
the source-drain extended nM0SFETS with
different doses, as shown in Fig. 4.

Electric field distribution parallel to a
current path was simulated near the drain
region at a drain voltage of 2.0 V to
investigate the hot-carrier phenomena, as shown
in Fig. 5. Hot carriers are considered to
generate near the peak. In the LDD nMOSFETs,
hot-carriers injected in the sidewall spacer
make the drain region pinch-off under the
sidewall spaeer and degrade the nMOSFETS(2)
0n the other hand, the source-drain extended
nMOSFET is degraded not by pineh-off but by
hot-carrier injection to the gate oxide,
because the peak is shifted from the sidewall
edge. Therefore, the threshold voltage shift is
larger than that of the LDD under the stress
eondition with similar degradation of the drain
current between the LDD and the source-drain
extended nMOSFEts, as shovm in Fig. 6.

For the source-drain extended nM0SFE"Is with
increasing the dose, the peak remains under the
gate oxide, and shows little difference in
depth, and there is no significant difference in
the degradation for the same substrate current,
as shown in Fig. 5(b) and (e). The lifetime can
be estimated only by the dose, and an optimum
dose can simply be chosen which gives the
source-drain extended nM0SFET both higher
current drivability and reliability at the same
time, differing from the LDD. At a drain

l/Vds (l/v)

Fig.3 Lifetirne dependence of drain
. voltage with various doses
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eument with various doses

voltage of 2.0V, a dose over lX10r5cm-2 makes
the substrate current more than 1 X 10-?A and
the source-drain extended nMOSFET's lifetime
less than the LDD|s(10 years), as shown in Fig.
4 and 7. Therefore, considering the trade-off
between the current drivability and the
reliability, t,le can increase the dose up to lX
101scm-2. In conclusion, we have realized
nl,OSFEIs with higher reliability and performance
by using a dose of lX10r5cm-2.

The source-drain extended nMOSFET showed
larger threshold voltage shift caused by the
hot-carrier, and we examined the influence of
both the shift and the drain current
degradation on eircuit speed by circuit
simulation. Table I shows the shift and the
degradation estimated under 10 yearsr stress at
a drain voltage of 2.0V, the simulated delay
time degradation of an invertor with a channel
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Iength of 0 ,L6 p m , and the delay time ratio
before the stress, between the LDD and the
source-drain extended(dose:1 X 101 s cm-2 )
nM0SFETs. The source-drain extended nMOSFET
shows no significant difference in the delay
time degradation, and improves the delay timb
over 1Off, compared to the LDD. t{e have
demonstrated the advantage of the source-drain
extended nMOSFET from the point of both
rel iabi I ity and performance.

4. STJUMARIES

[{e have studied the hot-carrier reliability
of source-drain extended nMOSFETs fabricated
with various source-drain extended doses, and
realized nM0SFETs with higher reliability and
performance by using an optimum dose of lX 10rs
cm-z, compared to the LDD nlrlOSFET. Moreover, we
have investigated differences in the degradation
and the delay time between the LDD and the
source-drain extended nMOSFETs by using device
and circuit simulations, demonstrating that
both higher current drivability and reliability
were obtained at the same time for the source-
drain extended nMOSFE"I.
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Fig.6 Drain eunent degradation and
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Table I Comparison of IDD and source-drain extended nM0SFETs
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