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Atomically controlled processing has become indispensable for the fabrication of Si-based ultra-small devices 
and heterodevices for ultra-large scale integration. This is because high performance devices require atomic-
order abrupt heterostructures and doping profiles as well as strain engineering which is obtained by the 
introduction of Ge into Si. Our concept of atomically controlled processing is based on atomic-order surface 
reaction control in Si and Ge-based CVD growth [1-4]. The fabrication of atomic-level steep doping profiles 
requires the suppression of dopant segregation during epitaxial growth [5,6]. In this work, P and B impurity 
segregation during in-situ doping in Si and Ge CVD epitaxial growth is reviewed.  
The epitaxial growth of undoped Si/in-situ doped Si film with a Si buffer layer grown at 750 oC on Si(100) was 
performed at 550 oC using SiH4-dopant (PH3 or B2H6)-H2-He gas mixtures. Undoped Ge/in-situ doped Ge/ 
undoped Ge on a few nm-thick Si0.5Ge0.5/Si(100) was performed at 350 oC using GeH4-dopant (PH3 or B2H6) -
N2-He-H2 gas mixtures. The doping profile in the films and the segregated dopant atomic amount on the surface 
of the in-situ doped films were measured by SIMS and XPS, respectively.  In case of P doping, the P atoms 
segregate to the growing Si and the Ge surfaces and a part of them are incorporated into the grown Si and Ge 
top layers.  The P segregation during Si growth is 
larger than that during Ge growth (Fig.1). In the 
case of B doping, the B atoms scarcely segregate 
to the growing Si and Ge surface.  Based on 
these results, the in-situ doping processes are 
explained by a modified Langmuir-type model 
(Table I (7)).   Using the model, we estimated the 
incorporation rate of dopant atoms into Si or Ge 
from the surface and the surface adsorption rate 
of dopant species from the SIMS data.  From 
these parameters, the amount of dopant 
segregation  at  the surface is calculated.  The 
calculated value is in good agreement with the 
values obtained from XPS measurements. These 
results demonstrate  the  capability of atomically  
controlled   processing   for  group IV 
semiconductors.This work is partially supported 
by the JSPS Core-to-Core Program, “International 
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Figure 1 – In-situ doping of P for Si and Ge epitaxial 
growth Table I – Equations in the modified Langmuir-type model 

for formulating in-situ doping in Si and Ge epitaxial 
growth 
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