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The source/drain extension of CMOS devices must
scale below 17 nm by 2007 and eventually below @gm
2016 with sheet resistance values below 760 and 121
Ohms/sq. respectively. This presents challengesalbn
fronts of the implant/anneal process flow. The 6 nm
junction depth requirement for as-implanted boron
profiles demands a very low energy implant with imizl
channeling or energy contamination. The obvious
drawbacks of low energy, high dose implantatiort tha
free of energy contamination, are low throughputl an
high cost [1]. While Ge or Si pre-amorphizatioglds
alleviate problems associated with channeling,
number of implant steps double and post-anneauak
damage becomes an issue. From an anneal perspectiv
obtaining good activation with acceptable amounts o
residual damage requires a high temperature anbetl,
current spike-RTP anneals yield unacceptably héyels
of diffusions. Anneals that produce little or ndfaion,
such as, SPE or flash RTP still have obstacles to
overcome with residual damage issues, especiallgnwh
pre-amorphizing implants such as Si or Ge are uskd.
potential solution to these problems is co-implaataof
F with low energy BEP’LAD where issues related to
channeling, energy contamination, low throughpug a
residual damage all can be eliminated. Figure dictke
an as-implanted profile of a 300V BF?LAD [1] into a F
pre-amorphized substrate. The as-implanted juncitoa
boron concentration of 1x{cm® is 9 nm and at
3x10"cn? (where the 22 nm node requirement for an
activated junction of 6 nm is determined) is 4.6 nm

the

Implementing a F co-implantation scheme is not a
straight-forward process. First, the chemical eftéd= on
the diffusion mechanism of B in crystalline and
amorphous Si [2,3] must be analyzed in each kinetic
regime ( e.g. furnace; rapid spike RTP, millisecdlagh
RTP etc.). In addition, the post-implant damagt e
very different and the addition of F complicates th
analysis of damage driven diffusion. The damadects
not only the diffusion of B, but also the diffusiofF. If
the two species interact chemically, then the tesfil
damage on the diffusion of B is necessarily tiedthe
damage driven diffusion of F. Further, it has bekawn
that F slows the re-crystallization of amorphizdéitan
[3], altering the medium through which boron ditss
The effect of F placement, with respect to the tiocaof
B, as well as the location of post-implant dasage
important. Hence separating the F and B implanits i
two separate steps, so that the as-implanted grafid
dose of each can be controlled, is an excellent tgay
control diffusion during the anneal process. An eatld
benefit to F is that it can enhance activation [A$ a
result, the retention of F, which is dependent ba t
anneal and the anneal ambient, affects the ultimate
activation of the dopant. Fluorine co-implantatwoping
and activation schemes that satisfy the 65 nm tara2

node requirements with minimal residual damage are
possible and will be discussed.
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