24

Absorbance
© o = = N
EEN (00] N (o)) o

©
o

Laboratory-Based EXAFS Spectroscopy with Cryogenic Detectors
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EXAFS Spectroscopy Laboratory EXAFS Using STJ Detectors

What is EXAFS? Laboratory X-ray Spectrometers with a Broadband Source
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* EXAFS = Extended X-ray Absorption Fine Structure, a technique for determining atomic structure ~ ’ Sample
* EXAFS oscillations are due to quantum interference between the photoelectron waves from X-ray emission Detector
and those backscattered from nearby atoms
* EXAFS gives numbers, elements, distances of neighboring atoms without the need for a crystalline sample Option 1: Option 2:
 Currently, EXAFS requires a synchrotron radiation light source with a tunable monochromatic beam * Use a energy-resolving crystal * Use energy resolving detector
* Scan detector / crystal to measure spectrum . Collect the entire spectrum in a single exposure

Laboratory EXAFS Spectroscopy

« A commercial laboratory EXAFS instrument would be a major advance, opening up the technique
* Problem: EXAFS is limited by statistics at high energies above the X-ray edge, where oscillations are weak
* Question: What are resolution and statistics requirements for a commercially viable EXAFS instrument?

A Superconducting Soft X-ray EXAFS Spectrometer
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* Gaussian broadening of experimental EXAFS spectra deceases peak amplitudes in Fourier transform Superconductmg Tunnel Junction Detector Performance

e Conclusion: ~20 eV FWHM is OK, < 15 eV is ideal

Output vs input count rate for different peaking times Resolution vs count rate for different peaking times Resolution vs peaking time at 1000 cps/pixel
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Comparlson Of D'fferent Technologles * Publication quality EXAFS spectrum of 0.7 um LiF film on 0.1 um parylene in 4 hours

: : -  EXAFS dominated by F-F interactions. Curve fit consistent with expected cubic structure
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Resolution: <20 eV FWHM

Speed: ~ 2,000 — 5,000 counts/s per pixel * Publication quality EXAFS spectrum of 0.4 um MgF, film on 0.1 um parylene in 3 hours

 EXAFS contains F-Mg and F-F interactions. Curve fit consistent with expected cubic structure
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