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Report:

The ID01 beam was prealigned during the weekendrbdhe experiment, courtesy of the
beamline staff, which allowed us to start the measents directly on the first day. With the
9 shifts that were allocated, we then managed @sore 7 samples.

This was a first experiment intended to explore twbe microbeam grazing incidence
diffraction could yield useful information on sarapsurfaces prepared within the Horizon
2020 Green Diamond project to produce * all diamomdbwer transistors [1]. The results
obtained exceeded our expectations as regardsigensf the method. So far, data from 3
of the 7 samples measured have been thoroughlyzathlwith the analysis of the remaining
four now underway based on the data reduction ndsthieveloped for the first three
samples. For this report, we only present reutimfone of the samples, identified as GDO1-
1D. A unique feature of this sample amongst theseaeasured is that separate surface areas
underwent different plasma etching processes delihby masking (Fig. 1 left). This sample
enables us to directly compare the effect of tipe tgnd depths of the surface treatments on
the same substrate. This is important as we areeagfavariability in the bulk lattice quality

of the different sample substrates. As a resuédt, ltdmgest time measuring was devoted to
sample GDO01-1D.



Two typesof measurements were perforr:
- standard grazing incidence diffract, varying the bearmcidence angle
- zero incidence diffractioiat the Bragg peak anglejth the beam ‘edge on’ to ti
sample, ad scanning down the sample e, i.e. at different depts to the sample
surface.

Our goal wado analyze the extent lattice damage depitaused bythe abrasive polishing
technigues used to planaripelist the sample surfaces, addtermibnehow effective each
plasma etching process svaat subsequently removinghis damae and the etch-depth
dependencelhis was not just for the different processes applo samplt GD01-1D but for
different processes apgtl to the other six samples by various Green Draimoonsortiurn
members.The standard grazing incidence diffractimethod provides a straightforwai
solution to the above problery enablingthe penetration depth of tbX-ray beam to vary
depending onhe incidence angl the penetration depth wdowest (2. nm) at incidence
angle 0.05°, and 68p at incidence angle’® (for the 8 keV beam).

In plane detector acceptance

Fig. 1 : (left) optical microscopy image showing four maskeaones that underwe
different etching process and etch depi at CEA Saclay(right) Stacks of 2D image
acquired during a rocking sc#mat areused to reconstruct the plane intensity may
exploitingthe large acceptance of the pixel detector at IDO1.

Rocking scans (Fig. 1 right)exe performedfor each beam incidence angle ahe in-plane
intensity mapsreconstructed using data from the large acceptaricthe 2D Maxipix
detector. These maps ateen used to generate line profiles of pseradial and rocking
scans to analyze strain amabsaicity respectively via Gaussian fits. Graingshwslightly
different orientations were often observed, so pnafiles were generated separately for €
grain before the fitting procedure. The whole psscwas executed with a Python prog!
and usig the Pygtk GUI (Fig. 2

For the zone designated A on Fig. 1 for instarfee RWHMSs for rocking and radial scans,
a function of the incidence angle and grain numi®r®, 3) are shown in Table 1. This d
is also plotted in Fig. 3 independenrfor each grain.



A number of conclusions can be dra

(1) Near the surface (i.e. forlae depth < 10nm), the FWHM in the radial directisttarger
than hat in the rocking direction. This tells us trhe most important impact of the polishi
processat the surface is the increase of strain rathar tha increase in mosaicity. This
true for all three grainsieasuret
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Fig. 2 : The program used to reconstruct tl-plane intensity map and to fit the extrac
radial of rocking curve.
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(2) For small penetration deptine strain and mosaicity decreagi¢h increasing depth. This
IS not surprising, as we anticipate that damage cabgethe abrasive polishinis more
severeas we approach the surface. This observatialsotrue for all three (ains.

(3) The strain andnosaicity increase with the 1/e depth for largegbetion depth. Thiwe

interpret @ simply because the bulk is na perfectcrystal (we have -ray topography
images of these samples from previous measuremaatte atESRF-BMO05). As the
penetration depth gets larger, we see a largeropiop of the bulk and hencmore

inhomogeneityUnfortunately due to sample cost, these etch tnalile made on low quali
type 1b diamond substrates.

(4) The strain or mosaicity @most the same for all grains between the 2ndt e depth

0.0038um) and thard point of measurement (1/e de4.7um) Thug, “a few microns" can
be considered as theugh estimation of the depth to which the surfaedecs from

polishing extend.



mu 0.1* 0.2 0.5 1.0 2.0* 3.0* 4.0*
1 Rocking (AA-1) 0.00067 0.00064 0.00084 0.00111
+/- 0.00004 | +/- 0.00003 0.00068 0.00070 +/- 0.00002 +/- 0.00000
+/- 0.00003 (R) | +/- 0.00001 (R)
1 Radial (AA-1) 0.00117 0.00092 0.00078 0.00084
+/- 0.00005 | +/- 0.00002 0.00083 0.00078 +/- 0.00001 +/- 0.00002
+/- 0.00001 (R) | +/- 0.00001 (R)
0.00044 0.00050
2 Rocking (AA-1) 0.00076 0.00052 | +/- 0.00005 (L) | +/- 0.00001 (L) | 0.00086 0:00434- 0.00112
9 +/- 0.00003 | +/- 0.00002 0.00057 0.00080 +/- 0.00009 | +—06-606%5 | +/- 0.00017
+/- 0.00001 (R) | +/- 0.00002 (R)
0.00074 0.00072
2 Radial (AA-1) 0.00092 0.00078 | +/- 0.00001 (L) | +/- 0.00002 (L) | 0.00079 0:00091+ 0.00086
+/- 0.00002 | +/- 0.00001 0.00073 0.00075 +/- 0.00001 | +~6-860002 | +/- 0.00001
+/- 0.00000 (R) | +/- 0.00001 (R)
0.00105 0.00109
. 0.00075 0.00067 +/- 0.00002 (L) | +/- 0.00003 (L) | 0.00090 0.00099 0.00109
3 Rocking (AA-1)
+/- 0.00003 | +/- 0.00004 0.00071 0.00074 +/- 0.00003 | +/- 0.00004 | +/- 0.00005
+/- 0.00003 (R) | +/- 0.00002 (R)
0.00103 0.00119
3 Radial (AA-1) 0.00085 0.00082 | +/- 0.00000 (L) | +/- 0.00004 (L) | 0.00116 0.00123 0.00137
+/- 0.00001 | +/- 0.00003 0.00080 0.00088 +/- 0.00002 | +/- 0.00003 | +/- 0.00001
+/- 0.00002 (R) | +/- 0.00001 (R)

Table 1: the FWHM values obtained for the extragseudo radial and rocking sce
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(5) Grain 1 is mostly present at the surface, hésamosaicity and strain should be constant
for large 1/e depth. At the same time, its mosaigitstrain change dramatically for small 1/e
depth.

(6) Grain 3 is mostly present in the bulk, hensambsaicity or strain should
be constant for small 1/e depth. Meanwhile, its oty and strain increase for larger 1/e
depth for the reason (non-perfect bulk) explainaova.

(7) Grain 2 is present both at the surface anderbulk.
(8) We can also deduce the da/a (strai®)(mhosaicity) from the values in Table 1.

The above are just the results from zone A of GDD1\We have also analyzed the data from
zones B, C and D of this sample and were ablenclade to what extent each process
performed is effective at removing the damged layw were able to correlate the results
measured from different samples to compare thergf¢bchiques used by different
consortium members, although exact conclusionstdrender discussion. Interpretation is

to some extent complicated by the unwanted difibadrom defects in the bulk previously
referred to (to avoid this in future measuremergsmil use much higher quality type lla
diamond substrates).

In summary, this first ‘exploration’ attempt hasrted out to be very fruitful in demonstrating
the sensitivity of the grazing incidence diffractimethod and providing quantitative results
that concur largely with our prior knowledge comgrg the uni-directional abrasive

polishing methods used on these samples. For theefuve intend to use grazing incidence
diffraction as a standard tool to characterizeddw®mage caused by the polishing process and
the effectiveness of our different surface treatnpeacess. This will be necessary both for
qualifying the substrate preparation and defe@srtray arise in the thick (~30um) CVD
overgrown doped diamond layers that are now beiadyted within the Green Diamond
project.



