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2. EXPERIMENTAL

cL spectra were recorded from both single (SQW) and multiple (MaW) quantum wells

with different well widths grown by RTCVD on Si(100) substrates. In addition, CL measure-

ments were made on SiGe/Si SWQs and MQWs grown by other variants of CVD growth for
comparisonl these results will be published elsewhere. In this study we concentrate on the CL

measurements recorded from two single strained Si1-,Ge, samples grown by RTCVD. The

samples consisted of a single strained epitaxial Sit-"Ge, quantum well on a Si buffer layer

and well widths of 33 A and 500 A. Th.r" values were determined by high resoiution transmis-
sion electron microscopy and Rutherford backscattering spectroscopy (Xiao et al 1992). PL

measurements have also been carried out on these samples at 4'2 K,
cL measurements were made at T=5 K using a JEOL JSM 35C SEM fitted with

an adjustable cold stage, a retractable off-axis paraboloidal collector mirror and a grating
monochromator (Mono CL, Oxford Instruments). The detector employed was a North Coast

germanium diode detector. CL spectra were recorded using beam energies (E") from 10-35

keV with different beam currents (16) between 0.1-100 nA. The CL spectra were recorded with
a spectral resolution of 2 nm.

3. RESULTS AND DISCUSSION

CL spectra recorded from the 33 A well sample and the 500 A well sample are shown

in Figures 1a and lb respectively. The spectral features and band positions are the same as

found in the PL spectra (Xiao ei al L992), although at much lower resolution. The spectral

features are attributed to an exciton bound to a shallow impurity. The highest energy feature

is a no-phonon (X.r,l,) transition and at lorver energies are the phonon replicas. The transver-
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Figure 1. CL spectra recorded at T:5 K, Eo=l[ keV, 16=Q.l nA, a) QW Si6.sGes.2,

thickness 33 A, b) QW Sio xGeo 2, thickness 500 A.

se acoustic (TA) phonon replica cannot be resoived in the CL spectra but can be seen on

the lorv energy side of the X-y1, band. Also the Si-Si transverse optical (TO) phonon assisted

bald (Xrp) can been seen clearly but the other trvo TO bands (Si-Ge and Ge-Ge) cannot be

resolved.
The spectrum of the 500 A sample shifts to lower energy due to reduced quantum

confinement effects. The PL spectra recorded on the 500 A sample showed wider linewidths
compared to the 33 A sample, whereas in the CL spectra the situation is reversed. These

differences could be associated with the different carrier generation rates in the CL sPectra

and the PL spectra and local heating effects in the later.
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The second effect which occurred over the
contrast at the misfit dislocations had disappeared
defect etching revealed that the misfit dislocations
the dislocations have been passivated. There have
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with medium sized and small "blobs" (see Figure 3b) and a third region where there were no
"blobs" observed.

whole sample was that the dark line CL
(see both Figures 3a and 3b). Preferential

were still in the sample. This suggests that
been well documented cases ofhydrogen
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Figure 3. Monochromatic CL images recorded of the SiGe 500 A sample,
a) Annealing for t hour at T=300"C, b) same treatment as a) different area.

passivation of both deep and shallow levels in Si. It is possible that the passivation could
be caused by hydrogen incorporated during layer growth, and that the annealing step has
redistributedit. Itisdifficulttotellif theaveragedensityof "blobs"haschangedonannealing,
but in general there more areas without any "blobs" and dark line contrast. CL spectra were
recorded in both regions. It tvas found that there rvas a reduction in CL intensity in the areas
were the "b1obs" became larger, and an increase in the areas were there were no large "blobs".
PL spectroscopy revealed that the overall sample luminescence had increased after annealing.
This increase in luminescence intensity is causcd by a reduction in the non-radiative centres
in the material.

This study has demonstrated the feasibility of using SEM-CL to obtain spatial infor-
mation about the luminescence features and non-radiative processes occurring.
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