DESCRIPTION OF PROGRAM
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This project is funded by the NSF through the Instrumentation for Materials Research program.


���� EMBED Unknown  ���Fig 1: XMCD image of a 5 micron wide, long stripe domain in Mn/Co(001). All such stripes are oriented along the same direction in the surface, leading to a uniaxial anisotropy.


A new type of microscope is being developed, that has surface sensitivity, very high spatial resolution, and performs spatially resolved x-ray absorption fine-structure spectroscopy (XAFS). This instrument will use the recently invented methods of aberration-corrected electron optics to improve the performance of x-ray photoelectron emission microscopy (X-PEEM) by an order of magnitude. The aberration-corrected X-ray PEEM, or AX-PEEM, will be used in a number of different research programs. These include element-specific magnetic domain microscopy, polymer-metal interface studies, surface reactions on mineral substrates, and surface reactions on single-crystal substrates. These applications will use the technique of nano-XAFS, which the AX-PEEM makes possible.


This instrument will perform core-level “spectro-microscopy,” a new technique for the non-destructive mapping of chemical domains at surfaces. Specifically, it will be able to take a sequence of images as a function of the energy of the incident radiation. The resultant data can be interpreted as a set of XAFS spectra from individual areas on the sample, or as images of the chemical composition of the near-surface region of the sample, as derived from the spatially varying XAFS spectra.


The new instrument will combine high voltage electrostatic electron microscope lenses designed by Tonner’s research team, with an electron-mirror aberration correction scheme developed by Rempfer of Portland State University. The completed instrument will be a compact, ultra-high vacuum compatible assembly, that will be installed in a portable surface science chamber. 


The nano-XAFS technique is of interest to a widely interdisciplinary research community, ranging from surface science to biophysics.


There is an international race engaged to break the 100 nanometer barrier in spectroscopic microscopy. The race began with the invention, a few years ago at Portland State University[�], and simultaneously in Dortmund[�], of an electron mirror device that solved a 50 year-old problem in electron optics. The recognition that this invention would revolutionize x-ray microscopy was immediate. In Europe, a consortium of microscope designers and surface scientists was formed, which was recently funded to build a high resolution x-ray photoemission microscope for the Bessy-II high brightness synchrotron. The team includes the well known groups of H. Rose,  W. Engel, and E. Bauer, experts in electron and photoemission microscopy, as well as a number of surface scientists, in a project scheduled for completion in year 2000. 


At UW-Milwaukee, we have received funding to construct a high-resolution XPEEM of a unique design, which we want to bring to SRC to set a new world’s record in spectromicroscopy. The current world’s record was set by Dr. DeStasio’s group, working at SRC with an instrument designed by Prof. Tonner and his co-workers. With this proposal, we are committing to the demonstration of an instrument known as the “AX-PEEM” project, to build a unique high resolution, aberration-corrected x-ray photoelectron emission microscope (AX-PEEM) for use with synchrotron radiation.


We are constructing an electron imaging x-ray microscope with aberration-corrected electron optics for use in spatially resolved x-ray absorption fine-structure (nano-XAFS) spectroscopy.  In addition to its primary role as an aberration-free x�ray photoelectron emission microscope for chemical-state imaging, the instrument will also be configured for a planned future upgrade as a very high resolution band-pass photoelectron microscope (nano-ESCA).  The spatial resolution of the microscope will be significantly below 15 nm, a conservative value well above the fundamental resolution limit.  The instrument is under construction in the Laboratory for Surface Studies, of the University of Wisconsin-Milwaukee.   Research projects will range from studies of surface chemical reactions in real time to element-specific microscopy of magnetic-domain walls.


�


Fig. 2: Schematic of the AX-PEEM electron optical layout. Angles of the separator magnet are for illustration purposes only.


The AX-PEEM project has two stages. In the first stage, we have made a few improvements to the conventional XPEEM, to improve its user-friendliness and resolution. These are primarily an increase in acceleration voltage (30 kV from 20 kV), and an improved stigmator/aperture combination. Since we have based these improvements on DeStasio’s instrument, we should achieve at or better than 800 Angstrom resolution. This is already very good, considering it is still a struggle to do spectro-microscopy at about 1500-2000 Angstrom with zone-plate instruments, except in special cases (extremely thin samples, which leaves out all of the magnetic domain work of relevance and much of the environmental work on particles). An example of X-ray magnetic dichroism domain imaging, done at SRC using the “Mephisto” XPEEM, is shown in Fig. 1. Our new instrument will make it easier to continue this work, since Mephisto is heavily over-subscribed for bio-physics applications.


The first stage instrument is now undergoing bake-out cycles at UWM, and should be ready for first-light tests by the time the next beam-time allocations are begun.


The AX-PEEM is much more sophisticated (see Figure 2), but it is also on a fast-track for construction. We would like to have it ready for first testing with synchrotron light before the end of calendar year 1998, and therefore we include a request for some time in this cycle.
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Fig. 3: Photograph of the new XPEEM-II photoemission microscope.


Since this is an instrumentation proposal, rather than a science proposal, we will be as flexible as possible in taking beam time whenever it can be scheduled. Although this is ‘only’ an instrumentation proposal, we believe that this could be one of the biggest news stories in x-ray microscopy of the decade, if we reach the target of 100 angstrom resolution.
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