
Introduction

The analysis of thin layers or coatings is a 
common task in micro-XRF spectrometry. 
Both the non-destructive operation of the 
method and the ability of X-rays to pene-
trate into sample and obtain information on 
the material beneath the surface make this 
method attractive for the purpose of analyzing 
single or multiple layers. The special challenge 
in analyzing the samples discussed here is that 
both layer (aluminum) and substrate (silicon) 
are light elements, which requires measure-
ment under vacuum, because otherwise the 
air in the beam path between sample and 
detector would absorb the low energy radia-
tion emitted by the sample. Additionally, this 
lab report compares manual and automated 
analysis using Auto-Point.

Instrumentation

The measurements were performed with 
a Bruker M4 TORNADO. This micro-XRF 
spectrometer is equipped with a large vacuum 
sample chamber and uses a focused X-ray 
beam (spot size < 20 μm) to induce fluores-
cence in the sample. This signal is analyzed 
with an energy dispersive detector.

The M4 TORNADO combines high spatial 
resolution with fast data processing  
and a high speed motorized XYZ-stage for 
sample positioning.
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Figure 1

Sample 1 video images 

with top: manual 

measurement locations, 

bottom: Auto-Point 

measurement locations.
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Results

As the numbers in Table 1 and Table 2 show, 
the thickness of the layers is around 2 μm, as  
it is supposed to be. Although it is difficult to 
compare the results of the manual and the auto- 
mated measurements due to the variations in  
the measured values and measurement loca-
tions, there is an indicator that the sample 2 
layer is thicker than the sample 1 layer. The 
comparable standard deviations show that the 
shorter acquisition time of automated meas-
urements suffices for reliable results.

The results obtained with the M4 layer quanti-
fication routine are verified by measurements 
on a fracture edge in the scanning electron 
microscope, as shown in Figure 2.

Conclusion

This example shows that micro-XRF is a fast 
and accurate means to measure layer thick-
nesses at arbitrary locations on a sample 
non-destructively. The vacuum option extends 
the analytical range to light elements in layers 
and substrate.

Table 1

Results of the manual 

measurements.

Table 2

Results of the Auto-Point 

measurements.

Figure 2

SEM image of a fracture edge 

of layer (bright) and substrate.

Measurement  
point manual

Sample 1
Thickness / μm

Sample 2
Thickness / μm

Al-Si-1 1 1.16 2.22

Al-Si-1 2 1.50 2.71

Al-Si-1 3 1.94 2.18

Al-Si-1 4 2.10 2.77

Al-Si-1 5 2.15 2.21

Al-Si-1 6 2.25 2.64

Al-Si-1 7 – 2.56

Al-Si-2 1 1.79 2.20

Al-Si-2 2 1.90 2.17

Al-Si-2 3 2.04 2.22

Al-Si-2 4 2.15 2.18

Al-Si-2 5 2.20 2.26

Al-Si-2 6 2.24 2.16

Al-Si-3 1 1.26 1.85

Al-Si-3 2 0.91 1.64

Al-Si-3 3 1.55 –

Mean ± standard dev. 1.81 ± 0.42 2.26 ± 0.29

Measurement  
point auto

Sample 1
Thickness / μm

Sample 2
Thickness / μm

Line_1_1 0.98 1.52

Line_1_2 1.67 2.21

Line_1_3 1.76 2.73

Line_1_4 1.83 2.58

Line_1_5 1.87 2.24

Line_1_6 1.92 2.22

Line_1_7 1.97 2.60

Line_1_8 2.02 2.76

Line_1_9 2.07 2.52

Line_1_10 2.12 2.22

Line_1_11 2.16 2.25

Line_1_12 2.17 2.74

Line_1_13 2.18 2.78

Line_1_14 2.20 2.25

Line_1_15 2.23 2.21

Line_1_16 2.26 2.54

Line_1_17 2.24 2.83

Line_1_18 2.19 2.51

Line_1_19 2.17 2.09

Line_1_20 1.97 1.70

Mean ± standard dev. 2.00 ± 0.92 2.37 ± 0.34


