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The implementation of §jGe, layers in active device
structures is nowadays recognized as an efficiagttow
improve device characteristics. One example is the
Heterojunction Bipolar Transistor (HBT) in the Bi@%
Technology, the core of which includes a,&e/Si
heterostructure deposited by means of Reducedureess
Chemical Vapor Deposition (RP-CVD). For future aevi
generations (0.18m or below), the possible replacement
of Si...Ge by Sh...,G&C, is currently under
investigation. The implementation of C leads toucat
boron out diffusion. This device application regsivery
good control of layer thickness and composition.
Unfortunately, most of the well-developed charadeter
zation methods such as RBS, SIMS, and Photo-
luminescence measurements are unsuitable as pi@duct
measurement tools. On the other hand, Spectroscopic
Ellipsometry (SE) allows a fast, in-line and non-
destructive analysis, including wafer-mapping fitiei.
Recently, we showed the suitability of SE to defaem
both Ge content and layer thickness of strainegGss,

for Ge contents between 1 and 35% [1]. We use the
ASET-F5 (Advanced Spectroscopic Ellipsometry
Technology) system from KLA-TENCOR, which is a
small-spot spectroscopic ellipsometer. The smait sp
(28x14pm?) size allows characterization of epitaxial
layers grown in isolation structures. The smalldaw
size prevents RBS measurements. We describe thoalopt
dispersion by means of the harmonic oscillator ode
and obtained a clear correlation between the Gtenbn
and E(1), the resonant energy of the first oscillato a
Nmax the peak value of the real part of the refraciidex
(Fig. 1,2). In this way, SE allows the fine-tuniofy
selective and non-selective epitaxial growth preess
with regard to growth rate, Ge incorporation andewva
uniformity.

In this paper, we use SE to extract the carbon
content of epitaxial $i.,GeC, layers with a fixed Ge
content and for C contents between 0 and 0.7 %. The
growth conditions are chosen in such a way that C
incorporates fully substitutional. The Ge contanmdt
influenced by the C incorporation, as confirmedRBS
and SIMS. Deposition of strained; {iGe,C, with y = 0
gives a well-defined resonant energy1g which
corresponds to a certain Ge content (Fig. 1). The C
incorporation (y > 0) reduces the strain in theagal
layer and leads to some modifications in the engrge
band structure. This is reflected in(E), by a shift to
higher energy values (Fig. 3). The results obtaswéhr,
show a linear relationship between the shift i(LiEand
the carbon content as extracted by SIMS (Fig. 4 T
obtained correlation allows the determination &f th
substitutional C content for samples with knownlsie
unknown C contents.
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Fig. 1 Correlation between the Ge content and the

resonant energies for the first three levels of the

harmonic oscillator model
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Fig. 2 Si; xGe, Refractive Index dispersion for
various concentrations of Ge.
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Fig. 3 Correlation between the resohamergy
E.(1) as extracted from SE measurements and
the C content measured by SIMS.
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Fig. 4 Correlation between the shift in resonant
E.(1) energy as extracted from SE measurements
and the C content measured by SIMS.



