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Two Dimensional Boron Doping Properties in SiGe Semiconductor Epitaxial
Layers Grown by Reduced Pressure Chemical Vapor Deposition
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Abstract

Reduced pressure chemical vapor deposition(RPCVD) technology has been investigated for the
growth of SiGe epitaxial films with two dimensional in-situ doped boron impurities. The two
dimensional 6-doped impurities can supply high mobility carriers into the channel of SiGe
heterostructure MOSFETs(HMOS). Process parameters including substrate temperature, flow rate of
dopant gas, and structure of epitaxial layers presented significant influence on the shape of two
dimensional dopant distribution. Weak bonds of germanium hydrides could promote high incorporation
efficiency of boron atoms on film surface. Meanwhile the negligible diffusion coefficient in SiGe
prohibits the dispersion of boron atoms: that is, very sharp, well defined two-dimensional doping could
be obtained within a few atomic layers. Peak concentration and full-width-at-half-maximum of boron
profiles in SiGe could be achieved in the range of 10%*-10° e¢m™ and below 5 nm, respectively. These
experimental results suggest that the present method is particularly suitable for HMOS devices
requiring a high-precision channel for superior performance in terms of operation speed and noise
levels to the present conventional CMOS technology.
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Fig. 1. Si-based heterostructure MOSFET
(HMOS), in which SOI architecture,

quantum well channel, and delta-doping
layer attract interest for compensating
mobility reduction and junction leakage
increase due to interface scattering and
high speed operation.
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Fig. 2. Dependence of Ge and B concentrations
on the flow rate of GeHs source gas
used for the growth of SiGe films.
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Depth profile of Ge and B measured from samples with boron d-doping layers in silicon: (a)

without and (b) with SiGe inter-layers. Although B:Hs adsorption exposure was perforemed

for

t1=10 s and t2=20 s, the boron concentrations represent negligible delta-doping features

with peaks as low as “10" em™ in both samples.
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Fig. 4. Depth profile of Ge and B for the
samples grown at different substrate
temperatures: {a) 500 °C, (b) 600 °C,
and (¢) 700 °C, where time intervals for
boron adsorption were 10, 15, 20, 40 sec
and their corresponding peaks look clear
and sharp in (b).
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Fig. 5. Influence of dopant sources on the d~doping and the uniform doping profiles measured from
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cross-sectional view of the sample reveals design for verifying respective degree of
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