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INTRODUCTION

There is increasing evidence that surface proximity
need to be incorporated into models for transient
enhanced dffusion (TED) for ultrashallow junction
formation in transistor devices. Recently this laboratory
examined by simulations the possble dfects of Fermi
level pinning that can occur at afreeSi surface (no oxide)
or a damaged Si-oxide interfac’. Fundamentally, this
pinning occurs in response to the presence of dangling
bonds that introduce energy states into the surface
bandgap. The simulations showed clea differences for
the pinned and unpinned conditions. Pinning had the
effect of degoening the junction significantly while & the
same time inducing a pileup of dopant very close to the
surface The dfeds were traced to the faa that pinning
transforms the surface into a refledor of charged
interstitials (i.e., no flux), even if the surface would
otherwise serve & a good sink for these defects. That
work aso pdnted out how the effedive boundary
condition for interstitials can be expeded to vary with
time during atypicd spike anned.

At the time, there was dgnificant evidence for pinning
on atomicdly clean Si(100 surfaces, but the status of Si-
SO, interfaaes during the spike remained unclea. Only
about 10" defeas/cm? are required for pinning, i.e., a
fradiona surface coverage of 0.01 to 0.00L It is quite
reasonable to exped rupture of roughly 1 to 0.1% of the
interface bonds, corresponding to the fradion of bonds
broken in the neaby bulk region. Thusit is plausible that
the interface is pinned just after implant, but becomes
unpinned at some point during the spike as the defeds
hed.

The present work uses the opticd tecnique of
photorefledance to demonstrate experimentally that these
effectsindeea exist and to measure their kinetics.

EXPERIMENT

Photoreflectance (PR) is one of a dass of moduation
spedroscopies in which a semiconductor is periodicdly
perturbed, and the resulting change in dieledric constant
is deteded by reflectance. Photorefledtance acomplishes
the modulation with a chopped laser beam having hv >
Es; where Ey is the fundamental band-gap energy.
Photogenerated minority cariers migrate to the surface
and recombine with charge stored there. The resulting
change in built-in surface field changes the surface
refledance R in narrow regions of wavelength
corresponding to opicd transitions of the substrate
material. The normalized refledance change AR/R
exhibits a spedral dependence that is monitored with a
separate probe that is much weaker than the perturbing
light. The presence of a PR spedrum demonstrates
unequivocdly the existence of Fermi level pinning. The
spedra amplitude scales linearly with the magnitude of
built-in surface potential. Thus, we @n deduce the
pinning kinetics from the variation in amplitude. Our
experimental setup is shown in Fig. 1, with a sample
spedrum in Fig. 2. The opticd system is coupled to a
chamber equipped with a variable energy ion gun, which

can be used for implant. A 1000V xenon arc lamp
provide the cgadty for rapid heaing (~100°C/s).

RESULTS AND DISCUSSON

Our data indeed demonstrate the eistence of
substantial pinning just after implant with 500 eV ions.
Heding begins to occur in the vicinity of 400°C — within
the temperature stabilization step in which interstitial
clusters form. We dso show evidence that the surface
may re-pin at higher temperatures. Water and/or residual
oxygen initiates the growth of S oxide, whose growth
process has been shown to generate on the order of 10"
cm ™ interface states”.  In ather words, although a fully
anneded oxide yields an unpinned surface a growing
oxide may cause pinning.
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Fig. 1 — Schematic of photorefledance setup.
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Fig. 2 — Sample PR spedrum taken in our laboratory
from n-doped Si.



