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ABSTRACT

"Boron deactivation by pairing with contaminants and boron compensation are studied in
-silicon-wafers from various IC manufacturing processes using the SCP method. Dissociation
energies of pairs formed due to noble metals contamination in HF chemistries are the same
independently of the noble metal and correspond to the one of B-H pairs. This suggests that
metals are not directly responsible for the doping change but enhance hydrogen contamination
into the silicon during HF cleaning. Hydrogenation during SC1 clean, RCA clean, and plasma
etching is responsible for boron deactivation by pairing phenomenon. Copper contamination
introduced into Si during thermal oxidation compensates initial boron doping by formation of
stable complexes.

Keywords: doping deactivation, surface charge profiler method, boron-doped silicon, hydrogen, copper.

INTRODUCTION

Silicon doping can be accidentally modified during IC manufacturing by contaminants
coming from processes or even from clean room air. For example, it is well known that very
high levels of boron are emitted from boro-silicate glass which constitute the HEPA filter and
that volatile species of phosphorus coming from H;PO4 bath can be encountered in the case of
exhaust failures. Many other contaminants can affect the silicon doping by presenting
donor/acceptor properties or by their ability to neutralize the dopants by creating B-X pairs.

In this paper, the doping change of boron-doped silicon wafers, due to the effects
mentioned above, is studied using the Surface Charge Profiler (SCP) method which enables
one to measure the near-surface doping characteristics. The goal of this study is to carry out
investigations on boron deactivation/reactivation phenomena and foreign donor levels in the
sub-surface region by measuring the dissociation energies of B-X pairs (Ea) and the diffusion
coefficient of doping species (Dx). This work continues previous investigations performed in
the same field [1}, [2].

EXPERIMENTAL

The SCP is a non-contact, non-invasive method based on the surface photovoltage (ac-
SPV) induced by a low intensity modulated light. It measures the surface depletion layer
width (W) and the surface recombination lifetime (ts) from analysis of the in-phase and
quadrature components of the ac-SPV signal. Under inversion conditions (i.e. high positive






