High Speed, Simultaneous XRD-XRF Mapping
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For heterogeneous samples where crystalline structure and compositional information are required, XRD-XRF mapping is the technique of choice.  XRF mapping can be very fast, but XRD mapping is significantly slower, since performing a θ-2θ (forward reflection geometry) scan at each analysis point can take several seconds.  Experiments done in transmission geometry require imaging detectors, but they are typically not large enough to simultaneously capture both small and wide angle diffraction.  In both cases (transmission and reflection), the fluorescence signal is typically captured by a second detector, and these data are later combined using post processing software.  

The pnCCD based Color X-ray Camera (CXC) as a system for acquiring fast, simultaneous XRD-XRF images without requiring a θ-2θ scan at each point.  The CXC is used in conjunction with an 30 W X-ray tube and a polychromatic X-ray beam.  With count rates of over 500 000 counts per second and an energy resolution of 145 eV at Mn Kα, the pnCCD can record a diffraction pattern in as little as 100 ms, along with a full fluorescence spectrum.  Since both the fluorescence and diffraction signals are collected in one energy dispersive detector, these signals can be separated, vastly improving the quality of the imaging.  A simultaneous XRD-XRF mapping experiment is shown in Figure 1.  Mn doped PZT was applied to a silicon wafer with layers of monocrystalline PT [111] and polycrystalline TiO2.  The mapping experiment required approximately 1 s per point with 150 x 220 analysis points on the sample.  
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Figure 1: Simultaneous XRD-XRF mapping results on a PMZT structure applied to a Si wafer.  The Pt [111] peak and corresponding image reveal that the monocrystalline deposition failed at the lower right portion of the image.  In the upper left portion of the images, the PZT deposition was blocked with a piece of tape.
