Annual Report


DMR-9703979


Development of an Aberration Corrected X-ray Photoemission Electron Microscope


(AX-PEEM)


Principal Investigator: B. P. Tonner


Department of Physics, Univ. Of Wisconsin-Milwaukee





Introduction


Project goals


Through this project, a new type of microscope will be 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. To meet these varied needs, the system is designed to be easily installed on a number of different synchrotron beamlines in the U.S.


Project overview


There is an international race engaged to break the 50 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. 


�


Fig. � SEQ Fig. \* ARABIC �1�: Schematic diagram of the X-ray photoelectron emission microscope (X-PEEM), without aberration correction. 


With this proposal, we are committing to the construction 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 and laboratory photon sources.


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 25 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. It is designed to be used on a portable basis on different synchrotron radiation beamlines, including undulator beamlines at the Wisconsin Synchrotron Radiation Center, and at the Advanced Light Source. We have guaranteed access to a high-performance undulator at the ALS, called the Spectromicroscopy Facility, which is a project founded by the principal investigator.  Research projects will range from studies of surface chemical reactions in real time to element-specific microscopy of magnetic-domain walls.


Why is nano-XAFS SpectroMicroscopy important?


There are several aspects of x-ray spectro-microscopy that assure its utility in surface science. Among these are,


Surface sensitivity: The X-PEEM is surface or near-surface sensitive. It has been demonstrated to be useful in both model surface science problems and problems involving environmental substrates, ranging from metals and semiconductors to oxides, polymers, and even cell surfaces.


Novel contrast mechanisms: The core-level contrast of X-PEEM, combined with surface sensitivity, makes it a complement to photoemission (ESCA), but with high spatial resolution. Polarization contrast is used for magnetic domain imaging, and molecular adsorbate and polymer orientation imaging.
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Fig. � SEQ Fig. \* ARABIC �2�: Schematic of the AX-PEEM electron optical layout. 


Uniqueness: the X-PEEM has better spectral resolution (by far) than Auger microscopy, and comparable or (usually) superior spectral resolution than photoemission. It can solve problems at about 0.2 micron spatial resolution now, which is better than laboratory photoemission microscopes by a factor of 10 or more. The proposed AX-PEEM will have better spatial resolution than Auger microscopy. Bearing in mind the intrinsic surface sensitivity and core-level spectrum, nothing else comes close.


Full-field imaging X-ray Spectromicroscopy: The technology of the X-PEEM means that fast images (video rates) are possible under many circumstances, so that dynamic processes at modest rates (diffusion, surface reactions) can be viewed in real-time.


XAFS from real systems: The main point of the AX-PEEM is that it will promote conventional surface XAFS techniques into new areas of relevance. The instrument preserves, without compromise, the high spectral resolution of conventional XAFS, but gives high spatial resolution, of order 25 nm in this proposal. This opens up many new opportunities in materials, environmental, and bio-physics research.


Our interest lies in the spectroscopy of L-edges of transition elements, and light element K-edges, known as the “soft” x-ray spectrum. The near-edge XAFS in this region results in very rich spectra, which contain significant sharp features due to multiplet and spin-orbit splitting. The structures can be interpreted in some cases by atomic theory, in the case of transition-metal compounds, or by molecular-orbital theories (LCAO, X-alpha) in the case of covalent bonding.


The major steps to completion


The AX-PEEM is based on electrostatic X-ray Photoemission Electron Microscopes (XPEEM) designed and built in the laboratories of Prof. Tonner in past years. An schematic diagram of one of our XPEEM designs is shown in � REF _Ref412961431 \* MERGEFORMAT �Fig. 1�. From the XPEEM we will adopt the design of the objective, intermediate and projective lenses, as well as various designs for sample transfer and manipulation, x-ray illumination, magnetic shielding, electrical feedthrough design, vacuum pumping, detector design, and electronics. To this we need to add the aberration correction scheme, which includes three separator magnets and four coupling lenses. The aberration correction layout also changes the overall shape of the microscope, as shown schematically in � REF _Ref412961863 \* MERGEFORMAT �Fig. 2�.


The XPEEM design needs to be upgraded to higher acceleration potential (30 kV rather than 20), and to improve the aperture manipulator and interaction with the stigmator. The detector design and sample introduction and transfer are also to be tested with the XPEEM stage. For the final AX-PEEM, the main new design elements are the electron mirror and separator magnets.


The construction flow chart is shown below.





Part 1�
Sample introduction and transfer, sample manipulator. (Will include capability of anaerobic transfers and wet-cell exposures.)�
�
�
High voltage optics design and fabrication.�
�
�
Detector design and fabrication.�
�
�
Vacuum system and sample preparation chambers.�
�
�
System integration as high voltage XPEEM for testing.�
�
Part 2�
Design and fabrication of electron mirror�
�
�
Design and fabrication of separator magnets.�
�
�
System integration and testing as AX-PEEM�
�






Status report


�


Fig. � SEQ Fig. \* ARABIC �3�: Schematic diagram, side view, of the vacuum system and electron optics of the XPEEM configuration.


The XPEEM portion of the project is in the following status (as of February 1, 1998, approximately 6 months into the project). The XPEEM vacuum assembly has been completed, and can be seen in the photograph of . The design of the electron optics (upgraded for higher voltage) has been completed, which involved developing computer models that accurately reproduce the measured aberration properties of our lenses, thereby providing us with a ‘virtual optics bench’ to improve the lenses without having to re-machine them and test them each time. The new XPEEM lens column has been designed, and complete AutoCad drawings are available. The component drawings have been submitted to the machine shop for fabrications.


The computer simulations were developed as a means of creating a “virtual electron optics test bench,” which could replace the actual testing of electron optics that we have done in the past, except for the very final stages of optimization. The approach we have taken is to use well established computer modeling techniques (finite-element calculations and Runge-Kutta ray tracing), but to test the modeling results against actual measurements of electron lenses, to establish both the precision and absolute accuracy of the models.


An example of the results of this work, comparing model calculations with experiment for the objective lens, are shown in � REF _Ref413118926 \* MERGEFORMAT �Fig. 4�. The absolute accuracy is acceptable for the aberration coefficients, and the scatter in the simulation is tolerable, but it would be desirable to reduce it to improve the precision. Some changes to the potential calculation have been made over time that are improving the precision; nevertheless the current level of the modeling is acceptable for this project. It is important to note that the modeling of the cardinal elements, which includes the focal points and distances and location of the principal planes, is both accurate and precise to a few percent, in comparison to experiment, which is very good.


Description of electron optics work


(Submitted by graduate student Mark Pauli.)


Development of the Optics Simulation: the Virtual Electron Optics Bench


The first goal was to develop a method of computer simulation equivalent to an electron optics bench.  This project can be broken into three parts:  a)Defining the system to be studied, b)Raytracing the flight of electrons through the system, and c)Analyzing the results of the raytraces.


a) Defining the System


�


Fig. � SEQ Fig. \* ARABIC �4�: Comparison of experimental (solid lines) with model (marks) calculations for the spherical and chromatic aberrations of the objective lens.


It was decided to use finite element analysis to determine the potential and fields surrounding optics components.  The Poisson code bundle from the Los Alamos Accelerator Code Group was chosen because of it being highly configurable, ease of inputting design changes, and ability to output information over a specified grid range(and not just along a line).  Also, it allowed dielectric material to be present and the dielectric constants to be input by the user.


b)Raytracing


A program was written to solve the equations of motion of an electron using a third-order Runge-Kutta method with variable step length controlled by a predictor-corrector function.  The third-order method, as adapted for a system of second-order ordinary differential equations without a first derivative such as electron trajectories, is described by Weber.� 


The program is currently developed for non-relativistic electrons traveling through a cylindrically symmetric system.  The Runge-Kutta method has been coded to work with either a nine point Taylor calculation of the surrounding electric field that is useful for general raytraces or an off-axis expansion calculation that is more suitable for paraxial raytraces.  The allowed trajectories can have skew components, also.  


Running the program involves setting up a file of initial values, including position, angle, skew, and energy, for the raytraces desired and then inputting an aperture position and size and the type of output desired.  The output can be either the full path of every raytrace or only the information of the final step; which is enough in cases where the flight path terminates in a field free region.


The accuracy of the Runge-Kutta method was tested with  the simulation of electron flight in a simple parallel plate capacitor with a field of 75,000 V/cm (which approximates the current optics common usage at 15,000 V over 2 mm).  Electrons were given an energy of  0 , 1, and 100 eV and set in flight with a full spread of angles for each energy, both positive and negative,  and  no skew.  To insure that some of the paths went through the optic axis, the simulations were tested for starting height both on and off axis.  The average differences of the final step values from theoretically calculated exact results are 8.5 x10-9 % for R, 1.4 x10-7 % for Z, and 3.2 x10-8 % for KE.  


c)Analysis of Raytraces


In the interest of minimizing the amount of programming required and for purposes of data collection, the output of the raytraces is kept in ExcelÔ spreadsheets.  Three analysis templates along with supporting macros have been developed to process the data: cardinal elements, spherical aberration, and chromatic aberration.  


The cardinal element template was developed first.  It uses a histogram to find  the “best focus” image plane for a set of raytraces sent parallel to the optic axis into the lens system under study.  From this, the focal distance from the defined center of the lens system can be calculated.  A geometric calculation is made for each raytrace to find the position of the principal plane and this is used to determine the focal length per raytrace.  Linear regression of the individual raytraces then gives the paraxial focal length.  


This system of raytraces plus spreadsheet analysis was tested against published data for two and three cylinder lenses.  For two cylinder lenses, comparison was made with data from El-Kareh and El-Kareh�  and with the LENSYS program.�  Over a range of voltage ratios between the two cylinders, � EMBED Equation.2  ���, the difference in focal length, for both directions, averaged under 2% with El-Kareh and under 1% with Heddle.  The difference in focal distance was from 2 to 3% with El-Kareh and averaged under 0.5% with Heddle.  For three cylinder lenses, comparison was made with Heddle in the case of einzel lenses with � EMBED Equation.2  ���.  Here, the difference in focal length and focal distance both averaged 1%.  Example results, showing the excellent agreement between our ray-tracing and the literature, are shown in � REF _Ref413123597 \* MERGEFORMAT �Fig. 7� below.
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Fig. � SEQ Fig. \* ARABIC �5�:  Finite Element Analysis of Accelerated Objective Lens potential distribution.


The spherical aberration template was developed next.  It uses three groups of raytraces to study a   given voltage ratio of the lens system;  one group starts from the optic axis and the other two start from different heights off-axis (e.g. 20 mm and 40 mm).  Each group has a spread of angles and a constant energy.  Histograms are used to find the “best focus” image plane for each group of raytraces and then the paraxial magnification is found from linear regression of M vs. Rinit2.  The procedure to calculate the aberration was developed after the longitudinal method proposed by G. Rempfer.�  In this case, the equation of interest is 


� EMBED Equation.2  ���. 


The value for Cso in this definition is 4 times the commonly reported aberration value based on � EMBED Equation.2  ���.  Linear regression of


� EMBED Equation.2  ���


then gives both the spherical aberration and the paraxial image plane position; which follows from dZim = Zim - Zpar.  


The template and program were tested against published data for the two cylinder lens with � EMBED Equation.2  ��� (Szilagyi Table 6)�.  The raytrace results reproduced the correct trend for � EMBED Equation.2  ��� (P is object distance), but were high by an average difference of 37%.  At the same time, comparison of focal values over a range of voltage ratios (Szilagyi Figures 85 - 88) yielded only an average difference of 1.5%; so the results were deemed acceptable.  Szilagyi's data is also from a numerical simulation and it was decided  to try a test case against the objective lens data experimentally determined by D. Dunham for a previous microscope built by Prof. Tonner's group.   This would serve both to refine the procedure of using the template and to yield some early results for the study of the lens.  The prior work had found low magnification the most tractable for calculation of aberrations by raytracing, so an object position 17.442 mm from the lens center was chosen to ensure magnifications on the order of 5.  The trend of Cso for the ratio of lens voltage to emission voltage from 0.80 to 1.00 was correct.  Further, comparison to experimental values of Cso, calculated using the aberration coefficients listed by D. Dunham,� gave an average difference of  10.5%.  The coefficients were used in the formula given by Rempfer,


� EMBED Equation.2  ���.  


Accepting the spherical aberration process as valid, the last template for chromatic aberration was developed.  The template and process of analysis are similar to that for spherical aberration, the difference being that the three groups of raytraces are now given a constant angle and run for a spread of energies.  The equation of interest is 


� EMBED Equation.2  ���.


Here, the value of Cco found longitudinally is 2 times the commonly reported value based on 


� EMBED Equation.2  ���.


This is seen by noting � EMBED Equation.2  ���, geometrically, and using the Helmholtz-Lagrange formula in the small angle limit; presuming the energy distribution is reasonably symmetric about a mean value.  This template was also tested against the work by Szilagyi.  The raytrace results of � EMBED Equation.2  ��� for the two cylinder lens had the same trend as Szilagyi's data, averaging higher by 8.1%.  The same objective lens test case was again used to yield some early results and refine the template. Agreement between the raytraces and calculated experimental values was good, with an average difference of 1.6%; using D. Dunham’s aberration coefficient values in the formula given by Rempfer,


� EMBED Equation.2  ���.


�


Fig. � SEQ Fig. \* ARABIC �6�: Virtual Object,KE = 0.3 eV.


At this point, the virtual electron optics bench appeared functional. The complete process was adapted to the situation of an accelerated lens system with some trial and error effort to find suitable angle and energy ranges.  It is, perhaps, better for studying chromatic aberration rather than spherical, but this seems acceptable as a main part of the project is development of chromatic aberration correction.


Study of the Objective Lens


Having finished  the analysis templates, the next step was to complete a full study of the current objective lens; attempting to reproduce all of the experimental results for the field free case.  Then, there are the goals of studying the properties of the accelerated objective lens and designing improvements such as changes to the electrode geometry needed to increase the accelerating potential. 


The first step taken was to improve the accuracy of the results by increasing the grid density used in the finite element analysis. The previous work had been done with a generic square RxZ grid of 200 mm x 200 mm, initially, and 100 mm x 100 mm by the time the chromatic aberration template was being developed.  A new FEA grid was designed with a multi-valued R dimension that accounts more importance to the near-axis region.  Constraints of computer memory became the main limiting factor of the grid size.  In the latest work, the R grid size is kept on the order of 1 mm up to the height of the entrance pinhole of the objective lens and from there the size is stepped up to a limit of 200 mm in the region farthest from the axis.  The Z grid size has been decreased to a constant 10 mm.


As a result of the work with the finite element analysis, areas of high field strength were identified for redesign to reduce the possibility of arcing between lens elements.  The visual output of Poisson gives a depiction of the lines of potential showing the previously mentioned detail and the effect of the dielectrics, see � REF _Ref413118926 \* MERGEFORMAT �Fig. 4� above.


a)Field Free Study


This work was done with a FEA grid of RxZ = 2x100 mm.  The first project completed was a calculation of the cardinal elements and comparison with our experimental work on the objective lens.  In summary, the focal lengths averaged a difference of 0.7% and the focal distances a difference of 7.3%. The principal plane distance can be calculated from these two quantities, completely quantifying the lens.  Typical results for the focal length and focal distance, comparison between raytrace and experiment, are shown in � REF _Ref413123816 \* MERGEFORMAT �Fig. 8�.
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Fig. � SEQ Fig. \* ARABIC �7�: Comparison of FEA model calculation for 2 and 3 cylinder lenses and tabulated values.


The second project was to complete the comparison of aberration calculations with our experimental work.  This required calculating the aberration coefficients and infinite magnification aberrations for the objective lens.  Raytraces were used to determine the values of Cso and Cco at multiple low magnifications for each ratio of lens voltage to cathode voltage of interest; the previous test case results included.  The coefficients Sf, Sg, Cf, and Cg were calculated  from combinations of the aberrations and averaged for the final result.  The spherical aberration coefficients averaged a difference with experiment of 21.4% for Sf and 20.7% for Sg; while chromatic gave 8.9% for Cf and 7.1% for Cg.  The current results are summarized in � REF _Ref413118926 \* MERGEFORMAT �Fig. 4� above.


b)Accelerated Objective Lens


This work was done with a FEA grid of RxZ = 2x50 mm.  The first and simplest result was determination of the potential and field along the optical axis.  The potential closely matches the model of a linear accelerating region followed by a sharp gaussian lens region.  


The second result was the quantification of the location of the diffraction plane for secondary electrons and determining its range of position.  Raytraces with starting energy varying from 0 to 50 eV and height off axis from 20 to 100 mm showed the position to be about 28.5 mm beyond the center of the lens and to shift over a range of 0.7 mm with � EMBED Equation.2  ��� of the shift occurring for energies above 10 eV.    A follow up study with over 10,000 raytraces covering energies up to  8.0 eV, heights up to 60 mm off-axis, and all angles was also attempted.  It documented the change in maximum size and location of the diffraction plane disc with energy and angular range of acceptance by the objective lens.  For a common 100 micron aperture in the diffraction plane, only raytraces having a starting angle less than p/4 contributed to the image.  The energy distribution for the same case is 40% of 0.5 eV, 27% of 1.0 eV, 18% of 2.0 eV, 13% of 4.0 eV and 8% of 8.0 eV pass the aperture.  


The third result was to test the accelerated objective lens against the longitudinal theory developed by Rempfer.�  The theory is based on the creation of a virtual object by the accelerating field and by the diffraction upon entering the objective lens pinhole.  The virtual object is then used by the objective lens as an object in a field free situation.  The use of full raytraces gives graphic demonstration of the validity of this part of the theory, see � REF _Ref413118976 \* MERGEFORMAT �Fig. 6� above where the theoretical virtual object is labeled for comparison with the tangentials.


Mathematically, the aberrations of the accelerating field and the objective lens are combined by adding up the longitudinal displacements due to those aberrations.  The most recent project is to calculate the image and aberration properties of the accelerated objective lens.  This has been done in the situation of trying to achieve an overall magnification of 20.  The results compared to values calculated from experimental data are consistent with those previously described.  The paraxial formulas used to calculate the experimental aberration values for the accelerated case from the unaccelerated case, as given by Rempfer, are


� EMBED Equation.2  ��� and 


� EMBED Equation.2  ���, 


where l is the gap between sample and objective lens and Cso and Cco are the field free experimental values.


c)Improvements to Objective Lens


�


Fig. � SEQ Fig. \* ARABIC �8�: Raytrace (FEA) of objective lens (solid line) compared to experimental values (points) for the objective lens cardinal points.


In an effort to reduce the occurrence of high voltage flash-overs, a design was created that changed  the angle of the central lens element without changing the position or pinhole size.   In the area of concern, the FEA showed a significant reduction of the peak electric field.  Raytracing of the new lens design showed a small change in the focal position of +2% and a marginal reduction in the chromatic aberration of 0.7%.  Of great interest is the improvement in spherical aberration; yielding a reduction of 24%.  This gain is attributed to the more symmetric distribution of equipotentials on both sides of the lens element as a result of the design change.





Description of vacuum work


(Submitted by graduate student Tim Droubay.)


The XPEEM and AXPEEM are proposed with the goal of having the photoemission electron microscope with the record for spatial resolution.  Some of the initial requirements of the microscope are ease of use, increased sample preparation abilities, multiple sample introduction and storage, and error free sample transfer and manipulation.


One of the building blocks of any new vacuum apparatus is the frame (see � REF _Ref412970058 \* MERGEFORMAT �Fig. 3�).  The frame is completed except for some small components, and the main microscope chamber and sample handling chamber are built, installed, leak-checked and pumped down to ultra-high vacuum (4 x 10-10 Torr). There are two parts of the frame which are still in need of construction.  One is the support for the main magnetically coupled linear/rotary transfer rod, which will serve to support and protect the rod.  The second is the support for the electron optics and detector assembly.


A sample introduction and handling system has been adopted based on prior designs used in our earlier XPEEM efforts..  The addition of an anaerobic sample transfer/introduction system is under construction.


The design for the main chamber is based upon a cylinder which is 14 inches long.  The main cylindrical axis is canted at a 60 degree angle to the x-ray beamline port which is parallel to the floor.  There are two 6” ports at 90 degrees to the x-ray port, one for a manipulator which is in the design stage and the other for a viewport or feedthrough for additional instrumentation.  Sample transfer will be viewed through the use of two 2-3/4” viewports and the 6” viewport which will give various perspectives on the sample.  The difference between the sample transfer position and the working position is a change in the angle.  During the transfer the face of the sample will be directed toward the beamline, while during microscopy the sample normal is parallel to the electron lens column.


In order to reach operational conditions using the prototype optics the sample transfer requires some finish machining and the main sample manipulator needs to be constructed.  For full operation the lens tube needs to be constructed along with the lens column vacuum can, which is on order.  In addition, passive magnetic shielding in the form of Mu-metal for the electron lens column and active magnetic shielding in Helmholtz coils for the sample position require manufacturing.


Issues other than the vacuum system are important for full-scale operation of the XPEEM.  Electrically, in addition to the gauges and pump power supplies are the high voltage power supplies.  We have a couple solutions for dealing with the questions of power supplies.  As far as the microscope is concerned we need four high voltage power supplies, one for each of the three lenses and one for the sample.  In addition, if we proceed with a micro-channel plate (MCP)/ Phosphor screen (PS) combination we need two power supplies, one for the MCP and one for the PS.  Initially we can operate with three older Bertan 20kV power supplies and one 30kV Bertan for the lenses and a home built MCP/PS power supply.  The 30kV Bertan power supply can also be used for testing the lenses up to 30kV.  In order to reach the goal of operation at 30kV we need additional 30kV power supplies.  We decided to go with Spellman Modular power supplies.  We have four 30kV modular power supplies along with one 2kV modular and one 5kV modular, the latter for the detector assembly.  These modular units run off of 24V DC and need a control circuit for easier voltage manipulation.


Collecting the data will require a camera and computer in addition to frame grabber boards.   Initially we can run with either the Pulnix or the COHU cameras and the DT2853 boards from Data Translation.  We will need to invest in a better camera and also faster and better frame grabber boards in the future.  A computer is also needed to control the data acquisition and run the video image processing cards.  


Experimental work on a laboratory UV system has progressed to the point of taking the last step.  We need to determine if the Hg arc lamp has enough intensity or brightness to produce an image.  If it does we can build a new lamp housing and lens system to deliver the highest output to the sample in the smallest area possible making it possible to challenge the record for both UV-PEEM and X-PEEM for the same instrument.


Work during the next year


The next steps include both design work and fabrication. The “virtual optics bench” will be used to design the electron mirror. The separator magnets need to be designed, as well as the vacuum bench to hold the aberration corrected optics. The 30 kV electronics needs to be assembled, and the detector system needs to be specified, ordered and tested.
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