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1. Introduction
The scaling of a metal-oxide-semiconductor field-

effect-transistor (MOSFET) device for high-end applica-
tion requires that the junction depth ft) Ue scaled down
with the gate length to reduce the short channel effect.
Required Xi becomes shallower with the device genera-

tion, to be sub-10 nm depth for 45 nm generation on ITRS
Road Mapl). Because of healy mass and low diffirsion
constant Sb is suiAble for shallow jrurction. On the other
hand, its relatively low solid solubility and tendency to
segrcgate with annealng prevent from device application.

Shibahara et al.2) reported ttrat Sb shallow junction for
sub-100 nm node transistor is available with controlling
dose and annealing condition. kr this paper, we demon-
strate 7 nm and 10 nm depth junctions are available with
low energy antimony implant and annealing technique
and examine to adapt as source-drain extension (SDE) for
the 90 nm generation transistor.3)

2. Sb SDE optimization
We used P-type 8" (001)-Si wafers after cleaned with

diluted hydrofluoric acid and rinsed with de-ionized
water. Sb ions were implanted with acceleration energy
of t to 8 keV and dose of 5 x 1014 to I x 1015 ionVcm2.

Some wafers are pre-amorphized by germanium (Ge)
implant. They were annealed with advanced spike rapid
thermal annealing (RTA) technique.

Figure I shows Secondary Ion Mass Spectroscopy
(SMS) profiles of as implanted Sb with implant energy 5
keV just along with <001> direction. Because of the
heavy rnass of Sb ion, atomic stopping is dominant and
large channeling tail is observed. This channeling tails is
still remained after annealing, whether diffirsion occurred
or not (fig.z). At higher temperature, zurface segega-
tion is emphasized. In this temperature regime, lower \
is obtained at lower tempenture (fig. 3). Lower R. is
also obtained at lower dose at higher temperature (fig. 4).
This means too high dose and annealing temperature sup-
press effective dose, which is caused by deactivation
and/or escapement by surface segregation.

Channeling control and low temperature annealing are
effective to make an ultra-shallow junction. Figure 5
shows Sb depth profile, pre-amorphized with Ge implant
of 20 keV and 5 x 1014 ions/cm2. 900oC spike annealed
profile is also plotted. Pre-amorphization using Ge
implant effectively reduced channelingtfilof Sb. The Xi
of 7 .4 and 9.2 nm was obtained.

{ - R, plot is shown in figure 6. Data from anenic
(As) implanted sample are also plotted. Sb implanted

samples have shallower4 *d lower R, than As implanted
samples h Xj of 7-22 nm regime. The values of Xi = 9.2
nm and Rs = 800 Q/sq. are satisfy 65 nm node of ITRS
road map.

3. I)evice perfomance with Sb SDE
We made 90 nm node MOSFET using this Sb SDE with

L, of 45 nm. Figure 7 shows SDE dose dependence on
overlap capacitance (Cou) and SDE resistance C"*d. Cou

saturation and R"*1 increase for higher SDE dose were
observed, the same as fig. 4 case. At higher dose range,
excess Sb atoms enhance deactivation of super-saturated
Sb dopant and suppressing effective dose. Ion current also
has optimum SDE dose (fig. 8). In low dose range, Cov
is not enough to get high Ion current, too high dose
decreases Ion current due to increasing RSOp. Maximum
Ion of 840 pA/um is obtained at Iog of 0.1 U,A/um.

4. Summary
We demonsftate Sb ulta-shallow junction for 65 nm

node transistor using low energy implant and RTA tech-
nique. The 90 nm node transistor with Sb SDE shows
good performance in L, of 45 nm.
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Fig. l: SIMS profile of as implanted Sb into Si crystal
from 0" incident. Large channeling tail is observed.
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Fig. 3: Sheet resistance vs. annealing temperature. Sheet
resistance is increased with annealing temperature.
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Fig. 5: Ultra-shallow junction with Sb dopant with ge pre-
amorphization. Xj 9.2 and 7.4nmis obtained.
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Fig. 7: Cou and R.'ft vs. SDE dose. Cou saturation and

R"*l increase is observed in higher dose.
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Fig.2: Annealing temperature dependence of 5 keV Sb

profile of the samples of fig.1.
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Fig. 4: Resistance increase with Sb segregation. Deactiva-
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Fig. 6: Xj-Rs plot for Sb and iistt8i*,. Sb dopant have
lower resistance in ultra-shallow junction.
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