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Despite significant advances in major advances in laboratory x-ray analysis equipment [1], the major 

limitation to improving resolution and throughput to levels comparable to that achieved at the 

synchrotron has been the low brightness of laboratory x-ray sources [2] and poor focusing property of 

commonly used polycapillary x-ray optics [3]. We present an x-ray excitation beam system enabling 

flux comparable to second generation bending magnet synchrotrons that incorporates two major 

innovations: 

(1) A new type of super bright laboratory source that is designed to be more than 10X brighter than 

the brightest rotating anode x-ray source currently available. The performance of the source is 

achieved through use of a novel microstructured anode that incorporates the outstanding thermal 

and material properties of diamond to create large thermal gradients within target and enables an 

optimized electron energy deposition profile. Moreover, the target is designed as a linear 

accumulating x-ray source, such that the x-rays generated by the microstructures are emitted as a 

single, high brightness x-ray beam. 

(2) A high efficiency, large solid angle, axially symmetric x-ray mirror lens with a full width half 

maximum of point spread function down to a 5-10 µm diameter spot at a large (>1 cm) working 

distance, which is much better than currently achievable with optics such as polycapillaries and 

tapered monocapillaries. Additionally, the transmission efficiency of the mirror lens is upward of 

>90% for a wide range of x-rays (compared to 20-40% for the polycapillary x-ray optics 

commonly used in x-ray analysis equipment) [3]. 

 

The x-ray excitation beam system in development will provide high flux of 2 x 10
9
 x-rays per second for 

a sample focal spot 10 µm. In this presentation, we will discuss the state of development of our Fine 

Array Anode Source Technology (FAAST™) source and x-ray mirror lens. We used industrial grade 

diamond as substrates for the x-ray source targets and etched the microstructures through a reactive ion 

etching process (RIE) and filling the microstructures (1 µm x 10 µm x 10 µm) with metal (FIG. 1). 

Additionally, we used Solidworks Simulation professional to verify our theoretical calculations of the 

source advantages. Thermal modeling (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%. 
 

In developing our optics, we developed an internal ray tracing simulation program and fabrication 

techniques designed for glass and a localized shaping system to produces sharp slope gradients. The 

slope gradients achieved were above 29.1 mrad, exceeding 100 mrad in some prototypes. The initial x-

ray mirror lens prototypes were designed to follow a parabolic inner surface. To focus the x-rays, a 

second lens can be produced and aligned such that the lenses produce a focused spot on the sample. 



 

These results indicate that the x-ray source developed will provide over >50X flux over the leading 

high brightness rotating anode x-ray source, due to the improved thermal dissipation of small 

microstructures embedded and in close thermal contact within a cooling diamond substrate. Moreover, 

the large slope gradients and uniform platinum coating that we achieved in the x-ray mirror lens 

development opens up the possibility to produce optics for low energy x-ray focusing at high resolutions 

and at very high flux (up to 9X x-ray flux using the coating rather than glass alone). 

 

There are a broad range of potential applications in x-ray analysis, particularly for throughput-limited 

techniques such as small angle x-ray scattering (SAXS), x-ray diffraction (XRD), protein 

crystallography, total x-ray fluorescence (TXRF), and micro-x-ray fluorescence (µ-XRF). Our next steps 

are to complete two prototype x-ray excitation beam delivery systems, which are targeted by the end of 

this year, and release to the general x-ray development academic community for testing. 
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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 Microstructured 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) 


