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As conventional methods for scaling down have reached its limit, strain engineering in MOSFETs
using embedded SiGe, SiC in recessed source/drains has recently been investigated as a potential
candidate. For PMOS devices, in which compressive strain induced in channel region improves hole
mobility and drive current, SiGe elevated Source / Drain is an efficient way to induce a compressive
stress into the Si channel'. In this study, the strain distribution in Si channel area and selective
epitaxial growth (SEG) SiGe structure was measured by using nano beam diffraction (NBD)
method™*.

90nm-thickness Si,«Gey (x=0.18, 0.3) layer was grown on recessed source/drain structure using

SEG process by ultra-high vacuum chemical vapor deposition(UHV-CVD) at 550°C, Si;He and

GeH,4 were used as a precursor for Si and Ge, respectively. Micro-structural analysis of SiGe layer
and Ge concentration were measured by JEM-2100F field emission electron microscope at 200 kV
and EDS analysis. [110] cross-section TEM samples were made using FEI NOVA 600 FIB system
for NBD analysis. NBD technique can measure the variation of diffraction spots from the electron
diffraction patterns. NBD was done with a 2.5 nm diameter probe of which size was estimated from
the image in a silicon crystal on [110] zone axis (Fig. 1a) and the profile of the probe obtained by
Gatan Digital Micrograph software (Fig. 1b). Fig. 1c is the electron diffraction pattern obtained from
unstrained Si area as a reference pattern to calculate the strain of channel region.

Fig. 2 shows TEM cross-section of patterned wafer with selective epitaxial growth Si,«Ge. on
recessed source/drain region with different GeH, flow rate. No defects were found in case of 20sccm
GeH, flow rate. Misfit dislocations began to appear at 60sccm. Higher compressive strain in channel
region due to larger lattice mismatch resulted in strain relaxation at recessed source/drain.

Fig. 3(a) is a TEM cross-section image of Si,-Ge,; on recessed source/drain region and
corresponding NBD patterns from selected points. And Fig. 3(b) shows the channel strain
dependency of intrinsic Si;xGex on GeHy flow rate. The profile of & along the channel direction
shows compressive channel strain near the channel edge is higher than that of the center of channel
region. Also, as the Ge concentration increased, there was a distinct increase in compressive strain
along the channel direction

In summary, we investigated the strain distribution in Si channel area and selective epitaxial
growth (SEG) SiGe structure by nano beam diffraction (NBD) method. Misfit dislocations were
observed in SiGe source/ drain due to strain relaxation at high GeHy flow rate and higher
compressive stress was induced at high Ge content.
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Figure 1. (a) Image of the electron probe in a silicon crystal on [110] zone axis. (b) Profile of the
probe along the line in a. (¢) Diffraction pattern from unstrained silicon.

Figure 2. TEM cross-section of selective epitaxial growth SiGe on recessed source/drain region with
GeH,4 flow rate of (a) 20 scem, (b) 60 sccem
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Figure 3 (a) TEM images of Sij7Gey 3 on recessed source/drain region and corresponding NBD
patterns along channel direction .(b) Profiles of the channel strain measured by NBD, shows strain
dependency of intrinsic Si;.xGey on GeHy flow rate
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