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Strained Ge is one of attractive candidates for
channel material of high-speed and low-power metal-
oxide-semiconductor field effect transistors (MOSFETS).
The effective hole mobility of Ge(001) channel with a
uniaxial compressive strain of 1% is expected to
transcend that of conventional strained-Si(001) channel
[1]. We are focusing on Ge,_,Sn, as a source/drain (S/D)
stressor for a uniaxial compressive strained Ge in the
same manner as strained Si channel p-MOSFET with
S, ,Ge, SID [2]. Eutectic aloy Ge, Sn, has a larger
lattice constant than that of Ge, and we can control its
lattice constant with the Sn content. In order to induce a
uniaxial compressive strain of 1%, a substitutional Sn
content of at least 5% is required for Ge,_,Sn, stressor [3].
However, Sn precipitation from the Ge_,Sn, layer easily
occurs due to the very low equilibrium solid solubility of
Sn as low as 1% into Ge. Thus, Ge,_,Sn, layers must be
grown localy at S/D regions without dislocations and Sn
precipitations. Previously, we reported the growth of a
fully strained Ga-doped Geyg»Shnggers blanket layer on
Ge(001) without any dislocations and stacking faults was
achieved by using molecular beam epitaxy (MBE)
method [4]. On the other hand, the local growth of
Ge,,Sn, a S/D regions and the loca strain structure in
Ge,Sn,/Ge microstructures have not been clarified in
detail yet. In this study, we examined the formation of
GeSn/Ge microstructures and investigated the
microscopic loca strain structure in Ge and Ge,_,Sn, by
using synchrotron x-ray microdiffraction [5, 6].

A SO, thin layer on a Ge(001) substrate was
patterned into line/space (= /1 um) structure parallel to
the [110] direction of Ge. Subsequently, 370 nm-depth Ge
S/D structures were formed with anisotropic wet etching.
After chemical and in-situ therma cleaning of the
substrate, a 490 nm-thick Ge;_,Sh, (x=5.3%) layer was
grown on the patterned Ge substrate at 150°C by using
MBE system. Post deposition annealing (PDA) was
performed a 500°C for 30min in N, ambient. Scanning
electron microscope (SEM) and transmission electron
microscope (TEM) were used to observe the sample
structures and characterize the crystallinity structures of
Ge|,Sn, layers, respectively. The x-ray microdiffraction
two dimensional reciprocal space mapping (XRMD-
2DRSM) was performed at BL13XU in SPring-8 to
analyze the local strain structure in the Ge and locally
grown Ge;_Sn,. A synchrotron radiation light with an
energy of 8 keV was used, and the light was focused on
the samples with a beam area size of 0.48x0.28 pm?

From the SEM and TEM observation of the prepared
Ge,SnJ/Ge structure, Ge,,Sn, deposited on SO, is
found to be polycrystalline structure, while Ge,;_,Sn, on
Ge recess regions is epitaxially grown, that indicates the
locally epitaxial growth of Ge,_,Sn, at S/D regions.

From the result of XRMD-2DRSM around the Ge,_,Sn,

004 reciprocal lattice point, the diffraction pattern from
the Ge,Sn, S/D regions fluctuates depending on the
irradiated position and inclines to the w-direction, while
that from the blanket Ge,_,Sh, layer appears just aligns to
the Ge 004 peak. It is considered that tilting of the
Ge|,Sn, occurs due to the local crystal deformation, in
other words, the elastic strain relaxation of Ge,_,Sn, in the
microscopic S/D region. The fluctuation of the tilt angle
of Ge,,Sn, 004 diffraction peak was estimated to be
between —-0.13° and 0.12° for the as-grown sample.
Moreover, through analyses of the Ge 260/ diffraction
with various irradiated positions for the samples before
and after PDA, we can see not only the signal of the
diffraction related to bulk-Ge but also the additional
diffraction related to the strained Ge for the both samples.
Especially for the sample after PDA, from the elastic
theory for anisotropically strained structure [7], we
estimated the maximum value of the in-plane uniaxial
compressive strain to be 0.19% near the Ge,_,Sn,/Ge edge.
This value agrees roughly with an average strain value
expected by a finite element method (FEM) simulation [8,
9] considering the penetration depth of x-ray in Ge. These
results suggest that x-ray microdiffraction measurement
can reved the strain structure buried in Ge,Sn/Ge
microstructures with sub-micron scale resolution without
destructive method for samples.

In summary, we examined the formation of locally
strained Ge,Sn/Ge microstructures  with  low
temperature MBE method. We have investigated the
microscopic local strain structure in Ge and Ge;_Sny by
using synchrotron x-ray microdiffraction. We achieved
the local heteroepitaxial growth of Gepges7Sngos3 0N the
recess regions. Local stain relaxation in Ge,_,Sn, S/D
regions occurs. We revealed that the maximum in-plane
uniaxial compressive strain of 0.19% is locally induced in
Ge. In our presentation, we will aso report the
comparison of crystallinity and strain structure between
various S/D sizes of Ge,_,Sn,/Ge structures.
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