


with or without Ge-PAI for the spike and Flash anneals.
For SPE anneals, the Ge-PAI wafers always had higher
B, activated levels. For most of the cases good
agreement was observed between Nsurf and Rs/Xj
determined Bss as shown in Table 5. However, for some
cases like the B spike annealed at both 1080°C and
1000°C the difference between Nsurf and Bss was as
much as 4x (1.9E19/cm’ versus 8E19/cm®). The SIMS
profile in Fig. 1a showed B diffusion at approximately
1.5E20/cm® with a surface pile-up of 2E21/cm® of
electrically inactive B.  Spreading resistance depth
profile (SRP) was conducted on this sample by beveling
and the result is shown in Fig. 13. A drop in the
electrical active dopant level towards the surface is
clearly observed by SRP in agreement with the lower
Nsurf measurement shown in Table 5. Fig. 14 shows a
plot of these Nsurf values versus SIMS measured Xj.
For the B and BF, laser annealed cases the 6x lower
activation Bss measurement compared to Nsurf could be
explained if the true electrical junction depth was <8nm
and not 26.8nm determined by SIMS. Additional
beveling tests will be done to verify this.
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Fig. 12: Nsurf for various anneals.
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Fig. 13: SIMS versus SRP depth profile for B 1080°C spike
annealing.
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Fig. 14: Nsurf versus Xj plot.
4. Conclusion

High quality and high dopant activation p+
junctions ~15-20nm deep can be achieved using B;oH 4
or BigHy, with high temperature (>1300°C) flash or laser
annealing, as well as low temperature SPE annealing at
650°C. These anneals enable the extension of beam-line
implantation to beyond 32nm node with energies at 5—
10keV. Therefore, molecular dopant species are very
attractive for SION gates using fast (msec) or ultra-fast
(200nsec) annealing, or high-k Hf-oxide gates requiring
low thermal budget processing.

Each advanced annealing technique for
diffusion-less activation has a unique signature as
revealed by PL wafer map imaging analysis that must be
optimized for the best activated dopant uniformity.
However, metrology to determine the activated dopant
level for these diffusion-less techniques is still subjective
and needs improved accuracy and repeatability,
especially to determine the true electrical junction depth
for the Ry vs. X plots. The Nsurf technique could provide
this information in the future through beveling
measurements.
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