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Probing the SiGe virtual substrate by high-resolution channeling
contrast microscopy
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Relaxed, epitaxial SiGe layers with low densities of threading dislocations are grown by linearly
grading the Ge composition. However, such compositionally graded SiGe layrtusl substrates

often result in a cross hatch surface morphology which affects subsequent device processing. Here,
we report on high-resolution channeling-contrast-microsd@yM) measurements on such virtual
substrates grown by gas-source molecular-beam epitaxy and low-pressure chemical vapor
deposition. Atwo-MeV Hé beam focused to a submicron spot is used in these CCM measurements
to obtain both lateral and depth-resolved information on the cross hatch features observed and their
association with a slight lattice tilt. @002 American Institute of Physics.
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The “virtual substrate’(VS) concept has enabled epitax- and LPCVD mode of operation, respectively. A silicon buffer
ial growth of semiconductor heterostructures on mismatchethyer was grown on the B-doped $8)01) substrate using
but readily available substrateas well as strain-balanced GSMBE prior to the growth of the VS under either growth
structures for optoelectronic applicatiohdn the case of technique. The VS consists of a linearly graded layer with a
SiGe this concept also allows the manipulation of electronicGe composition increasing from 0% to 25% oveuth fol-
structures of Si through strain and provides the basis ofowed by a 25% constant Ge composition layer of approxi-
modulation-doped field-effect transistdfsand other de- mately 1um. A thin Si cap layer was grown on top of the VS
vices. Utilizing a compositionally graded VS, strain relaxedto prevent oxidation of the SiGe. The growth temperature of
SiGe substrates are obtained as a template for pseudomayeth layers was 550 °C but the times required are signifi-
phic device layers. In producing these VS, a “cross hatch’cantly different due to growth rate differences.
morphology is produced on the surfatélhile this morphol- The measurements were carried out using the recently
ogy is clearly associated with the strain relaxation processstalled 3.5 MeV Singletron acceleratdat the nuclear mi-
occurring during the growth of VS, its origin has not beencroscope facility at the National University of Singapdte.
clearly identified. The influence of the relaxation process isThis dynamitron driven accelerator provides a very high
frequently studied using atomic force microsca®yvM)®’  prightness beam with a stable current, typically below 1%
providing morphological information about the surface, butintensity variation on a minute time scale. This allows fast
it is very difficult to extract information from the bulk of the alignment procedures for channeling and CCM measure-
VS. High-resolution channeling-contrast ~microscopyments. The beam collimators were set so as to reduce the
(CCM)® provides laterally resolved information. At the same heam divergence to below 0.2° thus providing acceptable
time, depth resolution arises from the fact that ions scattereghanneling conditions. Both the high brightness and the high
at a different depth will emerge with different energies. Incyrrent stability are advantages of the Singletron accelerator
this letter, we report a study of such SiGe VS using CCMnot easily available on conventional van de Graaff machines.
providing information on the tilting of the layers. The images For the broad beam channeling measuremengsMeV
correspond closely to the images obtained using AFM angye* peam of typically 5 nA and 1 mfspot size was used.
provide a better understanding of the origin of the crosRytherford backscatterindRBS) spectra were recorded with
hatch morphology. two 50 mnf passivated implanted planar silicéRIPS de-

Two linearly graded VS were grown using conventionalectors of 14 keV energy resolution at 160° and 110° scatter-
gas-source molecular-beam epitax{GSMBE) (sample i angles. The CCM data were taken with a 300 TRtPS
BF832 and low-pressure chemical vapor depositiongetector of 19 keV energy resolution at 145° scattering angle.
(LPCVD) (Sample BF83#in the same growth facility using - A solid angle of 280 mstr was used so that reasonable statis-
a managed pumping systéhithe system pressure during ics could be accumulated duringeti. h runs with typically
growth is typically 10° and 10 mbar under the GSMBE 10 pA beam current. The samples were mounted on a eu-

centric goniometer which has 14 mm translation stages in
3Electronic mail: scip9198@nus.edu.sg both thex and they direction and allows rotations up to 20°
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FIG. 1. 80umXx80um AFM image of surface morphology of sample
BF834. The fine and large features of the cross hatch patterns with spatial
frequency of~1 um and~5 um, respectively, are labeled a and b.

about both thex and they axis with a resolution of 0.1 m.rad. FIG. 3. 100.mx 100 2m CCM maps generated frofi00] axial alignment

The cross hatch pattern on the grown saniBlE834) is  and+0.2° rotation off axial about thg011] direction of sample BF834.
evident from the atomic force micrograph shown in Fig. 1.
The root-mean-square roughness of the surface is typically a )
few nanometers depending on growth conditions. Fronf€gions selected. Thg CCM contrast has a lower spa’FlaI fre-
broad bean{100) axial channeled spectra, a value of aboutduency compared with the fine features in the AFM image
10% was obtained foy,,, which represents the ratio of the (labeled a in Fig. J but appears to have a similar spatial
height of the channeled spectrum to the height of the randorfieduency to the larger featurebeled b in Fig. 1in the
spectrum near the surface. This,, value is significantly AFM micrograph. This confirms that features, similar to the
higher than they, of 3.3% for a near-perfect epitaxially large features in the cross hatch pattern found in the surface
grown SiGe layet? This indicates the presence of crystalline Morphology, are present throughout the constant composition
disorder or tilt of lattice planes in the epitaxial layer relative @nd the compositionally graded layers. Ifxg, value is
to the substrate. Figure 2 shows the 100X 100um CCM  extracted from the areas between the cross hatch bars only,
maps of the same spatial location generated from three re¥min Value of 3.5% is found, comparable to that obtained for
gions of a(100) axial channeled spectrum, corresponding to2 Perfect SiGe laye(3.3%. Figure 3 shows the CCM map
three different depths for both the Ge and Si signals, as intaken from the LPCVD grown sample for tf&00] axial
dicated. The cross hatch contrast oriented along the orthog®osition and two CCM maps generated witf0.2° rotation
nal (110) directions with a period of a few microns is ob- Off axial about thg011] direction of the sample. These maps

served in all CCM maps obtained from the three energycorrespond to the same area of the sample, a lateral shift of
about 2um introduced by the rotation was corrected for by

means of a marker outside the display area. A contrast rever-

Energy (MeV) sal is observed when going from a tilt of 0.2° t®.2° from
06 08 10 12 14 16

7000 T T the axial position. This indicates the presence of lattice tilt of

e the order of 0.5° between light and dark regions. A full an-
Intensity

gular scan is still required before any conclusion on the de-
gree of lattice tilting can be made but the data does indicate
that the CCM contrast may originate from lattice tilt pro-
duced by bunched up dislocations. By implication, the larger
features observed in the surface morphology obtained by
AFM may have a similar origin.

The correspondence between the features in CCM at all
depths with the large features on the surface morphology
obtained by AFM suggests that these features are accompa-
nied by local tilt of lattice planes generated in the graded

Counts

T T T — region. The lattice tilt may be related to the high misfit dis-
100 150 200 250 300 350 400 450 location density in the graded region or the dislocation
Channel bunching. The tilt over the um period of the cross hatch

FIG. 2. 100umX 100 m CCM maps taken from three regions in the chan- features would prOduce a mqrphObglcal u.ndUIatlon on the
neled spectrum of sample BF832 with the corresponding depths for the g&cales 0f~10 nm as observed in the AFM micrograph. How-

(ted and Si ts) signals indicated. ever, the smaller features observed in the surface morphol-
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