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Introduction

Manufacturers have to regularly check their
coating processes and monitor the output
product quality, i.e. the thickness of the
coatings. As the coatings are often com-
posed of expensive materials, it is neces-
sary to find a reasonable balance between
cost-effective thin layers on the one hand
and a sufficient layer thickness that guaran-
tees the product’s quality on the other.

The analysis of thin layers or coatings is a
common task in micro-XRF spectrometry.
Both the non-destructive nature of the
method and the ability of X-rays to pene-
trate into the sample and obtain information
on the material beneath the surface make
this method attractive for the purpose of
analyzing single or multiple layers. With the
polycapillary optic of the M4 TORNADO an
exciation spot of <20 pm can be achieved,
enabling a layer thickness analysis with high
spatial resolution.

This lab report describes the analysis of a
glass substrate coated with a copper-alumi-
num layer to determine the layer thickness
and the Cu:Al ratio across the sample. Addi-
tionally, map results were compared with
single point measurements.

Functional principle

Due to their high photon energy, X-rays have
the capability to penetrate matter. On their
way through the material they induce charac-
teristic X-ray fluorescence. This fluorescence
in turn can leave the sample.

In a coated structure with sufficiently thin
layers, fluorescence is produced in all layers
and radiated back out of the sample (Figure 1).
These secondary X-rays can be detected

and the ratios of the fluorescence lines from
the individual layers can be used for the
calculation of the thickness and composition
of each layer.



Sample

The sample to be analyzedisa 5 cm x5 cm
glass substrate coated with a copper-aluminum
layer. It was produced by magnetron sputtering
of a dual target containing Cu and Al.

Measurement conditions

The measurements were performed with a
Bruker M4 TORNADO equipped with a Rh
X-ray tube and a polycapillary lens. The instru-
ment combines high spatial resolution with
fast data processing and a motorized high-
speed X-Y-Z stage for sample positioning. The
following standard measurement conditions
were used:

= tube voltage of 50 kV

= current of 200 pA

= no primary beam filter

= chamber pressure of 20 mbar.

Two relatively large coated regions are well
separated by an uncoated area which runs
diagonally across the sample. The analytical
task calls for a spatially resolved quantitative
analysis of the thin metallic layer.

In the Area workspace of the M4 TORNADO
software, an overview of the sample, which
can be seen in Figure 2, was generated using
the Mosaic function. A map area of 1000 x
1000 pixels (green frame) was defined with a
pixel size of 50 pm and a dwell time of 50 ms/
pixel. The measurement required a total time
of 15 hours to complete.

High resolution map results

Figure 3 shows the qualitative layer compo-
sition of the Cu-Al layer and Si in the glass
substrate. The gradient of the Cu:Al ratio is
clearly recognizable. However, no layer thick-
ness information can be seen in this map.
Therefore, by means of the new XMethod
software tool, an analysis method is set up to
calculate the layer thickness.

Figure 4a displays a false color rendering of
the layer thickness map using 10 x 10 pixel
binning. This results in a 500 um spatial reso-
lution with an overall measurement time of
5s per binned pixel.
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Figure 1
Functional principle of
layer fluorescence

Figure 2
Mosaic sample image
with defined map area

Figure 3
Elemental distribution
of the Cu and Al coated

glass substrate.

Figure 5
Mosaic sample image
with defined single

measurement points
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Area scan results. a) Quantified layer thickness along the sample, b—c) Qualitatively measured element intensity of Cu and

Al, d) Quantification results of the point measurements for the layer thickness in um, e) Mass fraction of Cu in wt.%, f)

Mass fraction of Al in wt.%

The center of the radially symmetric layer
thickness gradient is not exactly in the
middle of the sample but is slightly offset to
the right. The maximum layer thickness is
calculated to be 380 nm, and the minimum
at the edges of the sample is only 270 nm.

Figure 4b and 4c¢ show the false color pres-
entations of the measured element intensities
for Cu and Al. The highest intensity for Cu

is in the top right corner of the sample. The
maximum Al signal is not found in the bottom
left corner but slightly shifted to the right.

Quick Multi-Point measurement results

Instead of acquiring map data for many
hours, a smaller number of points can be set

in a grid and analyzed for thickness. Using a
measurement time of 10 seconds per point
over a 10 x 10 matrix (Figure 5) allows a quick
overview of the sample’s layer thickness in
approximately 20 minutes.

After creating the measurement method in the
XMethod editor and recording and quantifying
the point spectra, the individual measurement
results were exported to MS Excel® and visu-
alized as shown in Figure 4d-4f. The different
colors emphasize the variation of the thickness
of the layer and its elemental composition.

The layer thickness measurement results as
shown in Figure 4d exactly match the results
of the map data. The point measurement
results for the Cu concentration in the layer
given in Figure 4e show maximum values for



the top right corner of the sample. This is in
line with the qualitative element intensities
displayed in Figure 3.

Figure 4f displays the Al concentrations at
100 measurement points. The maximum
again is found in the lower left corner of the
sample. This is in agreement with the qualita-
tive results. The decrease of the measured Al
intensity is more attributed to the lower layer
thickness in this area than to the change in
the element ratio. Altogether the Cu:Al ratio
changes from 86:14 in the sample’s top right
corner to 67:33 in the bottom left.

Conclusion

Regardless of the analytical approach of full
area scans and single point measurements,
identical layer thickness values were found.
Hence, the combination of M4 TORNADO
with the optional XMethod tool provides a
useful tool to analyze and draw well founded
conclusions on thin metallic layers.

It is noteworthy that a stable quantitative
fundamental parameter analysis of the Cu-Al
layer is possible with spectra which were
accumulated over only 5 s.

A higher spatial resolution is, as usual, at

the cost of measurement time. However, it
may be needed for samples where the layer
thickness varies over short distances. For
quality assessment, measuring a coarser grid
is usually sufficient and more time effective.

Acknowledgements

The author thanks K. Harbauer, W. Kohrt, and K. Ellmer of the Helmholtz-Zentrum
Berlin flr Materialien und Energie for manufacturing and providing the sample.

Author

Order No. DOC-A81-EXS062 Rev. 1. © 2016 — 2024 Bruker Nano GmbH, Am Studio 2D, 12489 Berlin, Germany.

All configurations and specifications are subject to change without notice.

Falk Reinhardt, Application Scientist micro-XRF, Bruker Nano GmbH

Bruker Nano Analytics
Headquarters Berlin - Germany

info.bna@bruker.com

www.bruker.com/m4tornado




