
Improving Analytical Efficiency of WD Spectrometers Using Solid-State Detectors
D. Lesher, D. Lesher III.       Advanced MicroBeam Inc. Vienna, Ohio 44473     www.advancedmicrobeam.com 

Introduction
Gas Proportional Counters were first patented in 1950 and are commonly used in Wavelength 
Dispersive Spectrometers. Gas filled counters have good sensitivity but limited count rate 
capabilities. At high input count rates, the detector will reach its upper limit of operation and 
saturate. The analyst is then forced to reduce the beam current and increase x-ray counting times. 
Another method of compensation is to analyze the sample in two operations. The first analysis 
is performed at high beam currents and the second at low currents to prevent saturation. This 
method adds complexity and produces two different analytical volumes. Gas proportional counters 
also have relatively long dead times, which forces the analytical software to apply a dead time 
correction. Determining the system dead time over a wide range of beam currents is laborious 
and can vary under certain conditions and elements. With gas proportional counters, the analyst 
frequently must compromise to ensure that an analysis is performed in a reasonable and cost 
effective time. 

Solid-State detectors for Wavelength Dispersive Spectrometers provide a powerful solution to 
this problem. Solid-State detectors cannot be saturated at currents commonly used in SEM’s and 
electron microprobes, and can be designed as drop-in replacements for gas proportional counters. 
Capable of millions of counts per second, this detector also has the advantage of extremely low 
and predictable dead times, so software corrections are minimized (Figures 1 and 2). The electron 
beam can be held to a constant magnitude and analytical volume for the entire analysis.

Dead Time Comparison
Figure 1: 0 to 500 Nanoamp. Test - Zinc - LiF 30 KV

Wavelength Dispersive Spectrometers

Figure 3: Inconel A690 Weld Image

Figure 4: Log Plot of Inconel Weld

Figure 6: Standardization Time Comparison - Solid State vs. Gas Detectors

Figure 5: Table of Quantitative Results of Inconel A690 Weld Analysis

Figure 7: Analytical Times for 50 Points Across 1 mm Inconel A690 Weld

Figure 2: 0 to 10,000 Nanoamp. Test - Iron- LiF 30 KV

Conclusion

Utilizing WDS solid-state detectors provided a major improvement in 
efficiency during the analysis of Inconel A690 (Figure 6 and 7). Of 
the ten elements that were analyzed, seven were trace elements, so 
the use of heavy currents was necessary to perform the analysis in a 
reasonable time. Solid-state detectors permitted the analysis of trace 
and major elements in one operation, using the same analytical volume 
and minimizing software dead time corrections.
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A piece of Inconel A690 superalloy with multiple 
welds was used for the analytical sample (Figure 3). 
Two analytical currents were used. A low current (50 
nA) that will not cause saturation of major elements 
assigned to the gas proportional detectors, and 
medium current (500 nA). At 500 nA, any element 
which is likely to saturate during standardization or 

unknown analysis was assigned to the WD solid-state 
detectors. The analytical times for standardization 
and a 50-point weld analysis were then compared.  
A plot of the quantitative data is shown in  
Figure 4. Concentration Specifications for Inconel 
A690 appear in Figure 5.

Materials and Methods

Improved Efficiency
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