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Imaging of dislocation bundles by micro-Raman line width mapping to assess
the structural quality of heteroepitaxial diamond for detector applications*
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Within the ADAMAS collaboration, the role of the di-
amond group at the University of Augsburg is to develop
and manufacture large-area high-quality single crystal
diamond suitable for the construction of detectors for
heavy ions and minimum ionising particles. In contrast to
current samples grown by homoepitaxy on substrates with
maximum lateral dimensions of ~10 mm, the heteroepi-
taxial deposition is done on the Ir/YSZ/Si(001) multilayer
system that is available in 100 mm wafer size. As a con-
sequence, these samples that are often known as “Dia-
mond on Iridium” (Dol) offer a realistic chance for a scal-
ing to large areas as required for tracking applications.

Major challenges, however, are the occurrence of polar-
ization effects and an incomplete charge collection with
charge collection efficiencies (CCE) varying from sample
to sample. These effects are mainly attributed to proper-
ties of the bulk, namely lattice defects like dislocations
and point defects, generating both deep and shallow
charge carrier traps. Being able to control and further re-
duce the density of these defects is compulsory for future
application of Dol material not only in particle physics.

Imaging and quantification of dislocations

A controlled optimization of material synthesis requires
efficient concepts for a visualization and quantitative
evaluation of threading dislocations. A standard technique
for the assessment of dislocation densities uses preferen-
tial etching with subsequent counting of the etch-pits.
Furthermore, inside the bulk dislocations create inhomo-
geneous strain fields which broaden XRD- and Raman
line profiles. We recently revealed that the density of dis-
locations as derived from etching experiments shows a
characteristic correlation with film thickness [1] and with
the width of the diamond Raman line (see Fig. 1).
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Figure 1: Broadening of the Raman peak vs. etch-pit den-
sity. The continuous variation of the dislocation density
was achieved by growth of a thick film. The blue fit curve
uses the relationship given by Eg. (1). The displaced
green curve describes a simple v/N behaviour. [1]
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The relationship between the mean square strain and
the dislocation density N (in cm™) is described by (1):
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Using this approach, it is possible to image the spatial
distribution of dislocations by mapping the Raman line
width. The stripe pattern in the cross section map (see
Fig. 2) is interpreted in terms of bundles of threading dis-
locations which are tilted away from the surface normal
by several degrees. Tilting is attributed to lateral step flow
during growth on off-axis substrates [2]. Understanding
the interaction between dislocations and surface features
is important for a further reduction of defect densities.
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Figure 2: Cross-sectional dislocation density map of a
Dol sample grown with 100 ppm N, on a (001) substrate
with [100] off-axis direction, as derived from high-
resolution Raman-line width measurements using the cal-
ibration curve in Fig. 1.
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Dol: state of the art

In the meantime, continuous improvement in heteroepi-
taxial diamond growth and post-processing (lapping, pol-
ishing) has yielded Dol samples with lateral dimensions
up to 2 x 2 cm? (see Fig. 3) and thin membranes down a
thickness of 80 um. For further thinning and also remov-
ing of polishing defects, reactive ion etching (RIE) was
successfully applied.

Figure 3: 2 x 2 cm? Dol sample supplied to GSI for meas-
urements of the detector properties.
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