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Overview

Purpose: General investigations on the feasibility of the
microsecond pulsed GD-MS technique based on the very
efficient fast-flow source (us-FF-GD-MS) for chemical
analyses of thin engineering coatings and films. Several
Important characteristics, such as the coating layer

thickness, element mass per unit area or volume, the exact R S N Tj”““”" -

FIGURE 2. Multi-element determination on oxidized
low-alloy steel sample; 100 points for 14 elements;
data frequency around 10 nm. Profiles in rows 1 and 5
correspond to analytes measured by GD-OES (Fig. 3).
In the spectra, numbers indicate ppm concentrations
at arbitrarily selected measurement times.

Robustness

The robustness of the us-FF-GD-MS has been studied and
shows that:

A. The technique is generally applicable to rough surfaces.
Figure 5 implies that the atomization occurs layer by
t‘/,’“’ W A layer, since the initial roughness is maintained
Azi 1000 sS& T — ;;zz‘lw i throughOUt the GD-MS run.

il L 11 T T T B. Pulsed and continuous modes can be combined for
e it R e profiling thick engineering coatings, such as Zn plated
U 1 steel (Figure 6).
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chemical composition or distribution of elements including .
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trace elements in these systems are compared to GD-OES,
which is currently one of the most common analytical
techniques in this field.

Methods: us-FF-GD-MS; GD-OES.
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FIGURE 5. Roughness of sample surface (top figure)
and of the bottom of a 4 mm diameter sputter crater
(lower figure). Note that crater side walls are not shown.

several orders more sensitive and significantly more robust
compared to the GD-OES technique.
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Introduction

High resolution glow discharge mass spectrometry is
broadly recognized as one of the most sensitive and robust
analytical techniques for direct bulk trace element

P Profile: Sample surface before analysis
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FIGURE 3. Typical GD-OES depth profiling results of

oxidized layer on low-alloy steel (Results from I1SO . YA | ”\ ) A
25138:2010 International Test Method). " /N\NWNVLJ\WJA /W\\MM M\ M f IU‘ am.
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determinations. However, due to the nature of the magnetic . el H
field, scan speed is traditionally considered to be a limiting S wl |
factor for depth specific measurements and thus unsuitable s 1 0 0o
for thin film or layer analysis. = 1 A e £ e
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source provides the means to overcome these limitations. In s04f 2 L !
pulsed mode, the source of the ELEMENT GD is running at AR\ M
much lower nominal power conditions (typically 3-4 W) as 214"/ !
compared to standard continuous DC modes, but does not ol \/ FIGURE 6. Combination of Pulse mode with
compromise the inherent high instrumental sensitivity. The 0' , —= == continuous mode for extended depth profiling of (top)
combination of significantly reduced sputter rates with very ° . v = epth ) matrix elements and (bottom) minor elements in a

high sensitivities provides the analytical prerequisites for

zinc coated steel. For matrix elements the distribution

performing full survey analyses even at nanometer scale
depth resolution.

from top to 30 um depth is shown; for minor elements
only the pulsed mode profile of the top 5 um layer is

FIGURE 4. ps-FF-GD-MS results illustrating the shown.

In pulsed mode it is possible to achieve a depth resolution distribution of Cu and Ti at the ppm level in the

of <10_ nm whilst still achieving t.race to gltra—trace level | interface regions between the alumina coating on Zn Coating on Steel - matrix elements
detection power. For the analysis of major components in high-alloy steel. Alumina coating on HA steel: 5 pum; o
layered systems, the GD power can be further decreased to 50 points for 16 elements; data frequency ~ 100 nm « 100 | 0-5 umPulse Mode
give even greater depth resolution at a lower overall 3 5-30 um Continous Mode//'
sensitivity. c &0 )
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engineering coatings or thin films.
Sensitivity Versus Anode Orifice Diameter = The simple adjustment of the source components

us-FF-GD-MS measurements are feasible with a range of results in easy user handling.

anode orifice diameters. This provides multiple options for .
adjusting the source to specific analytical measurements.
Table 1 illustrates how the sensitivities are inter-related for
the orifice diameters mainly used in FF-GD-MS.

The us-FF-GD-MS results are in excellent agreement
with GD-OES test results, which is still the most
common analytical technigue today for chemical
analyses of coatings or thin films.

TABLE 1. Intensities for standard anode orifices = The application field of this new approach is
tested on Nickel alloy CRM BAS346A in Medium exceptionally broad and will likely impact many new
Layer Analysis on Low Alloy Steel Resolution. research areas.
_ _ _ _ _ 8 mm Anode Cap 4 mm Anode Cap
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