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We are developing a patent-pending x-ray microprobe with substantially unprecedented performance 

attributes: <5 µm micrometer spot (with 1 µm targeted) on the sample, large working distances of >2 

cm, narrow spectral bandwidth, and large x-ray flux. The outstanding performance is enabled by: (1) a 

revolutionary, patent-pending new type of high flux x-ray source designed to be >10X brighter than the 

brightest rotating anode x-ray source currently available; (2) a large NA x-ray mirror lens with high 

spatial resolution, large solid angle collection, and high focusing efficiency; and (3) a detector 

configuration that enables the collection of 10X more x-rays than current commercially available 

microXRF designs [1]. The system, shown in Fig. 1, is optimized for mapping composition and 

contamination in geological samples for oil and gas (e.g. digital rock), mining, semiconductor, and 

materials samples, including dopant distribution along functional glass and SiC fibers. The sensitivity 

will be ppm-scale, far surpassing what is possible using charged particle (e.g. EPMA and SEM-EDS) 

analysis, and up to 1000X throughput over the leading state-of-the-art micro-XRF systems.  

 

Despite the introduction of a number of laboratory microXRF systems in the past decade [2-3], the state-

of-the-art has been limited primarily by low resolution (typically tens of microns) and low throughput. 

This is substantially attributable to a combination of (1) low x-ray source brightness and (2) low 

performance x-ray optics. Here we present our results in removing the x-ray source bottleneck, in which 

we use a novel x-ray source using Fine Array Anode Source Technology (FAAST™).  

 

The source target, shown in Fig. 1, comprises multiple microstructures embedded in a diamond 

substrate, which allows (1) incorporating the outstanding thermal properties of diamond to increase 

average thermal conductivity of the anode, (2) utilizing the dependence of electron energy deposition 

rate on mass density to produce a favorable energy deposition profile, (3) creating large thermal 

gradients between the Cu elements and the surrounding diamond to produce enhanced thermal 

dissipation, and (4) optimal linear accumulation of x-rays along the x-ray emission axis.  

 

A number of prototype targets were produced using reactive ion etching of diamond and filling with Cu. 

In addition, finite element modeling on 22 Cu microstructures embedded were performed and compared 

to a conventional solid Cu target. Thermal modeling through Solidworks Simulation Professional (Fig. 

4) indicated that electron power density that can be achieved on the microstructured anode is 4X higher 

than on a solid copper anode for the same maximum temperature (65W versus 12.5W). Moreover, there 

is substantial brightness gain along the x-ray emission axis due to the linear accumulation of x-rays 

generated in each microstructure. This is due to the phenomena that materials are largely transparent to 

their own characteristic x-rays and due to the negligible attenuation of x-rays by diamond, which results 

in a weighted x-ray transmission effectiveness of 80%. The x-ray flux calculated from these results, 

combined with the company’s proprietary large NA x-ray mirror lens, can provide up to 5 x 10
8
 x-rays 

per second on a 5 µm spot, enabling high throughput imaging comparable to that of many synchrotron 

microXRF microprobes.  



 

Potential applications include the analysis of geological samples, including mapping trace elements such 

as rare earth metals and mapping mineralogy (e.g. siderite, clays, precious minerals) to determine such 

information as permeability and porosity at both high resolution and ppm sensitivity. Additionally, such 

a high throughput microXRF can be used for industrial materials research in materials and 

semiconductor for trace contamination, or alternatively, for development of advanced materials (e.g. 

catalysts, ceramics, etc.) in academic materials science, where there is significant need for higher 

sensitivity techniques than presently achievable. One other application area of significant potential is 

that of metallomics and mapping biological trace elements throughout diseased tissue, correlating such 

diseases as Wilson’s, autism, cancer, and Alzheimer’s with trace elemental distribution at the cellular 

and tissue levels [4]. 
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Figure 1.  Schematic of the x-ray microprobe (left) and schematic of the microstructured target of the 

Sigray Fine Array Anode Source Technology (FAAST™) Source (right) 

 

   

Figure 2.  Left: SEM of microstructured target prototype (left) and thermal modeling of a conventional 

x-ray target (middle) and thermal modeling of the Sigray FAAST™ (right) 


