Electron probe micro-analyzer (EPMA)

John Goodge, University of Minnesota-Duluth 

What is Electron probe micro-analyzer (EPMA)

An electron probe micro-analyzer is a microbeam instrument used primarily for the in situ non-destructive chemical analysis of minute solid samples. EPMA is also informally called an electron microprobe, or just probe. It is fundamentally the same as an SEM, with the added capability of chemical analysis. The primary importance of an EPMA is the ability to acquire precise, quantitative elemental analyses at very small "spot" sizes (as little as 1-2 microns), primarily by wavelength-dispersive spectroscopy (WDS). The spatial scale of analysis, combined with the ability to create detailed images of the sample, makes it possible to analyze geological materials in situ and to resolve complex chemical variation within single phases (in geology, mostly glasses and minerals). The electron optics of an SEM or EPMA allow much higher resolution images to be obtained than can be seen using visible-light optics, so features that are irresolvable under a light microscope can be readily imaged to study detailed microtextures or provide the fine-scale context of an individual spot analysis. A variety of detectors can be used for: 

· imaging modes such as secondary-electron imaging (SEI), back-scattered electron imaging (BSE), and cathodoluminescence imaging (CL),

· acquiring 2D element maps,

· acquiring compositional information by energy-dispersive spectroscopy (EDS) and wavelength-dispersive spectroscopy (WDS),

· analyzing crystal-lattice preferred orientations (EBSD).

Fundamental Principles of Electron probe micro-analyzer (EPMA)

An electron microprobe operates under the principle that if a solid material is bombarded by an accelerated and focused electron beam, the incident electron beam has sufficient energy to liberate both matter and energy from the sample. These electron-sample interactions mainly liberate heat, but they also yield both derivative electrons and x-rays. Of most common interest in the analysis of geological materials are secondary and back-scattered electrons, which are useful for imaging a surface or obtaining an average composition of the material. X-ray generation is produced by inelastic collisions of the incident electrons with electrons in the inner shells of atoms in the sample; when an inner-shell electron is ejected from its orbit, leaving a vacancy, a higher-shell electron falls into this vacancy and must shed some energy (as an X-ray) to do so. These quantized x-rays are characteristic of the element. EPMA analysis is considered to be "non-destructive"; that is, x-rays generated by electron interactions do not lead to volume loss of the sample, so it is possible to re-analyze the same materials more than one time. 

Electron probe micro-analyzer (EPMA) Instrumentation - How Does It Work?

EPMA consists of four major components, from top to bottom:
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Schematic cut-away diagram of a typical microprobe. Image courtesy of the University of Minnesota Electron Microprobe Lab. Details
1. An electron source, commonly a W-filament cathode referred to as a "gun."

2. A series of electromagnetic lenses located in the column of the instrument, used to condense and focus the electron beam emanating from the source; this comprises the electron optics and operates in an analogous way to light optics.

3. A sample chamber, with movable sample stage (X-Y-Z), that is under a vacuum to prevent gas and vapor molecules from interfering with the electron beam on its way to the sample; a light microscope allows for direct optical observation of the sample.

4. A variety of detectors arranged around the sample chamber that are used to collect x-rays and electrons emitted from the sample.
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The EPMA includes, from left to right, an electron gun, sample chamber with detector array, control console, and monitors. Image courtesy of the University of Minnesota Electron Microprobe Lab. Details
A typical arrangement in a probe lab is a vertical electron-beam column, an array of detectors placed around the sample chamber block, a sample entry vacuum lock, a console to control operating conditions, screens to view control interfaces and sample output, and a computer for control of data acquisition.


Applications 

· Quantitative EPMA analysis is the most commonly used method for chemical analysis of geological materials at small scales.

· In most cases, EPMA is chosen in cases where individual phases need to be analyzed (e.g., igneous and metamorphic minerals), or where the material is of small size or valuable for other reasons (e.g., experimental run product, sedimentary cement, volcanic glass, matrix of a meteorite, archeological artifacts such as ceramic glazes and tools).

· In some cases, it is possible to determine a U-Th age of a mineral such as monazite without measuring isotopic ratios.

· EPMA is also widely used for analysis of synthetic materials such as optical wafers, thin films, microcircuits, semi-conductors, and superconducting ceramics.

Strengths and Limitations of Electron probe micro-analyzer (EPMA)? 

Strengths

· An electron probe is essentially the same instrument as an SEM, but differs in that it is equipped with a range of crystal spectrometers that enable quantitative chemical analysis (WDS) at high sensitivity.

· An electron probe is the primary tool for chemical analysis of solid materials at small spatial scales (as small as 1-2 micron diameter); hence, the user can analyze even minute single phases (e.g., minerals) in a material (e.g., rock) with "spot" analyses.

· Spot chemical analyses can be obtained in situ, which allows the user to detect even small compositional variations within textural context or within chemically zoned materials.

· Electron probes commonly have an array of imaging detectors (SEI, BSE, and CL) that allow the investigator to generate images of the surface and internal compositional structures that help with analyses.

Limitations

· Although electron probes have the ability to analyze for almost all elements, they are unable to detect the lightest elements (H, He and Li); as a result, for example, the "water" in hydrous minerals cannot be analyzed.

· Some elements generate x-rays with overlapping peak positions (by both energy and wavelength) that must be separated.

· Microprobe analyses are reported as oxides of elements, not as cations; therefore, cation proportions and mineral formulae must be recalculated following stoichiometric rules.

· Probe analysis also cannot distinguish between the different valence states of Fe, so the ferric/ferrous ratio cannot be determined and must be evaluated by other techniques (see Mossbauer
User's Guide - Sample Collection and Preparation 

Unlike an SEM, which can give images of 3D objects, analysis of solid materials by EPMA requires preparation of flat, polished sections. A brief protocol is provided here: 

1. Nearly any solid material can be analyzed. In most cases, samples are prepared as standard-size 27 x 46 mm rectangular sections, or in 1-inch round disks. Rectangular sections of rock or similar materials are most often prepared as 30-micron-thick sections without cover slips. Alternatively, 1-inch cores can be polished. Chips or grains can be mounted in epoxy disks, then polished half way through to expose a cross-section of the material.
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Polished microprobe sections. Standard-size polished thin sections can be used in a microprobe, with no cover slip. Image courtesy of the University of Minnesota Microprobe Lab. Details
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Mineral grains or rock chips can be mounted in 1-inch epoxy plugs and polished, or drill core can be used. Image courtesy of the University of Minnesota Microprobe Lab. Details
2. The most critical step prior to analysis is giving the sample a fine polish so that surface imperfections do not interfere with electron-sample interactions. This is particularly important for samples containing minerals with different hardnesses; polishing should yield a flat surface of uniform smoothness.

3. Most silicate minerals are electrical insulators. Directing an electron beam at the sample can lead to electrical charging of the sample, which must be dissipated. Prior to analysis, samples are typically coated with a thin film of a conducting material (carbon, gold and aluminum are most common) by means of evaporative deposition. Once samples are placed in a holder, the coated sample surface must be put in electrical contact with the holder (typically done with a conductive paint or tape). Choice of coating depends on the type of analysis to be done; for example, most EPMA chemical analysis is done on samples coated by C, which is thin and light enough that interference with the electron beam and emitted X-rays is minimal.
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A variety of sample holders can be used for specimen stubs, rectangular sections and round disks; several samples can be loaded at one time in these holders. Image courtesy of the University of Minnesota Microprobe Lab. Details
4. Samples are loaded into the sample chamber via a vacuum interlock and mounted on the sample stage. The sample chamber is then pumped to obtain a high vacuum.

5. To begin a microprobe session, suitable analytical conditions must be selected, such as accelerating voltage and electron beam current, and the electron beam must be properly focused. If quantitative analyses are planned, the instrument first must be standardized for the elements desired.

Data Collection, Results and Presentation

Data collection and results of EPMA chemical analysis vary depending on method. Semi-quantitative EDS analysis is generally limited to recognizing different elements that may be present in an unknown sample. If one just wants to know what elements are present, there is little instrument set-up required. To determine the composition of an unknown phase quantitatively, WDS analysis is much more involved, requiring instrument standardization based on standards of known composition, followed by evaluation of quantitative results and assessment of errors. Before starting a microprobe session, it is best to have an analytical plan in mind based on prior petrographic observation so that one has a good idea of what phases to analyze in the samples of interest. If one wants to analyze plagioclase, for example, the microprobe analysis routine is set up accordingly for the elements of interest. For most microprobes with 4 or 5 crystal spectrometers, it is possible to acquire 10-12 elements in a given analysis. Because microprobe access is typically charged by the hour, it is best to be well organized ahead of time with a list of samples to analyze (by priority) and photomicrographs or photo maps of the areas of interest so that time is not wasted finding the right spots to analyze; good documentation will make the microprobe session go much more smoothly. 

Modern microprobes make it possible to collect large datasets of "spot" analyses of minerals with a high degree of accuracy and efficiency. Examples of typical applications include determination of compositional variations in zoned minerals (that can be related to elemental mapping), or multiple analyses of mineral parageneses for the purposes of geothermobarometry. Data output (after standardization, and numerous data correction procedures such as background substraction and a variety of 'matrix' corrections) is typically a data table of weight percent of the simple oxides that comprise each mineral. An example of qualitative data tables can be seen in the Results section of the WDS module. These compositional data can then be recalculated as mineral structural formulae based on stoichiometric principles.

Literature

The following literature can be used to further explore Electron probe micro-analyzer (EPMA)

· Reed, S. J. B., 1993, Electron Microprobe Analysis (2nd Ed.), Cambridge University Press.

· Reed, S. J. B., 1995, Electron Microprobe Microanalysis, in Philip J Potts, John F. w. Bowles, Stephen J. B. Reed, and Mark R. Cave (eds), Microprobe Techniques in the Earth Sciences, The Mineralogical Society Series, vol 6., p. 49-90.

· Reed, S. J. B., 2005, Electron Microprobe Analysis and Scanning Electron Microscopy in Geology (2nd Ed.), Cambridge University Press.

· Goldstein, J. I., Newbury, D. E., Echlin, P., Joy, D.C., Lyman, C. E., Lifshin, E., Sawyer, L. C., and Michael, J.R., 2003, Scanning Electron Microscopy and X-Ray Microanalysis: A text for biologists, materials scientists, and geologists (3rd Ed.), Plenum Press

Related Links

For more information about Electron probe micro-analyzer (EPMA) follow the links below.

· University of Minnesota Electron Microprobe Lab - a comprehensive overall resource on EPMA lab instrumentation and sample preparation

· University of Massachusetts-Amherst Probe Lab - also a good site with particular emphasis on geochronological applications of EPMA

· Electron Microprobe--Dave Waters, Oxford University

Teaching Activities and Resources

Teaching activities, labs, and resources pertaining to Electron probe micro-analyzer (EPMA).

· Extending Mineralogy by Electron Microprobe Analysis (Goodge, 2003) is a lab module that shows how microprobe analysis can be integrated in the learning environment. It uses EDS, BSE and WDS techniques to help make connections between mineralogy and petrology. It can be done with an in-house SEM or EPMA, via remote teleconnection to another lab, or even entirely on paper.

· Working with Electron Microprobe Data from a High Pressure Experiment (Schwab, 2004) is a problem set in which students use electron microprobe analyses of a peridotite partial melting experiment to determine mineral formulas, calculate unit cell content, plot results on a classification diagram, and use a geothermometer.

· Zoned Plagioclase Exercise (Smith, 2003) allows students to become familiar with the various types of zoning found to occur in plagioclase feldspars, recognize and identify the various zoning types, and interpret the petrogenesis of the various zoning types from optical and microprobe data.
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Schematic cut-away diagram of a typical microprobe. Image courtesy of the University of Minnesota Electron Microprobe Lab. Details
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The EPMA includes, from left to right, an electron gun, sample chamber with detector array, control console, and monitors. Image courtesy of the University of Minnesota Electron Microprobe Lab. Details
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Polished microprobe sections. Standard-size polished thin sections can be used in a microprobe, with no cover slip. Image courtesy of the University of Minnesota Microprobe Lab. Details
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Mineral grains or rock chips can be mounted in 1-inch epoxy plugs and polished, or drill core can be used. Image courtesy of the University of Minnesota Microprobe Lab. Details
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A variety of sample holders can be used for specimen stubs, rectangular sections and round disks; several samples can be loaded at one time in these holders. Image courtesy of the University of Minnesota Microprobe Lab. Details
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1. A sample chamber, with movable sample stage (X-Y-Z), that is under a vacuum to prevent gas and vapor molecules from interfering with the electron beam on its way to the sample; a light microscope allows for direct optical observation of the sample.

2. A series of electromagnetic lenses located in the column of the instrument, used to condense and focus the electron beam emanating from the source; this comprises the electron optics and operates in an analogous way to light optics.

A typical arrangement in a probe lab is a vertical electron-beam column, an array of detectors placed around the sample chamber block, a sample entry vacuum lock, a console to control operating conditions, screens to view control interfaces and sample output, and a computer for control of data acquisition.


3. A variety of detectors arranged around the sample chamber that are used to collect x-rays and electrons emitted from the sample.

· acquiring 2D element maps,

· acquiring compositional information by energy-dispersive spectroscopy (EDS) and wavelength-dispersive spectroscopy (WDS),

· Although electron probes have the ability to analyze for almost all elements, they are unable to detect the lightest elements (H, He and Li); as a result, for example, the "water" in hydrous minerals cannot be analyzed.

An electron microprobe operates under the principle that if a solid material is bombarded by an accelerated and focused electron beam, the incident electron beam has sufficient energy to liberate both matter and energy from the sample. These electron-sample interactions mainly liberate heat, but they also yield both derivative electrons and x-rays. Of most common interest in the analysis of geological materials are secondary and back-scattered electrons, which are useful for imaging a surface or obtaining an average composition of the material. X-ray generation is produced by inelastic collisions of the incident electrons with electrons in the inner shells of atoms in the sample; when an inner-shell electron is ejected from its orbit, leaving a vacancy, a higher-shell electron falls into this vacancy and must shed some energy (as an X-ray) to do so. These quantized x-rays are characteristic of the element. EPMA analysis is considered to be "non-destructive"; that is, x-rays generated by electron interactions do not lead to volume loss of the sample, so it is possible to re-analyze the same materials more than one time. 

· An electron probe is essentially the same instrument as an SEM, but differs in that it is equipped with a range of crystal spectrometers that enable quantitative chemical analysis (WDS) at high sensitivity.

· An electron probe is the primary tool for chemical analysis of solid materials at small spatial scales (as small as 1-2 micron diameter); hence, the user can analyze even minute single phases (e.g., minerals) in a material (e.g., rock) with "spot" analyses.

An electron probe micro-analyzer is a microbeam instrument used primarily for the in situ non-destructive chemical analysis of minute solid samples. EPMA is also informally called an electron microprobe, or just probe. It is fundamentally the same as an SEM, with the added capability of chemical analysis. The primary importance of an EPMA is the ability to acquire precise, quantitative elemental analyses at very small "spot" sizes (as little as 1-2 microns), primarily by wavelength-dispersive spectroscopy (WDS). The spatial scale of analysis, combined with the ability to create detailed images of the sample, makes it possible to analyze geological materials in situ and to resolve complex chemical variation within single phases (in geology, mostly glasses and minerals). The electron optics of an SEM or EPMA allow much higher resolution images to be obtained than can be seen using visible-light optics, so features that are irresolvable under a light microscope can be readily imaged to study detailed microtextures or provide the fine-scale context of an individual spot analysis. A variety of detectors can be used for: 

4. An electron source, commonly a W-filament cathode referred to as a "gun."

· analyzing crystal-lattice preferred orientations (EBSD).

Applications 

Data collection and results of EPMA chemical analysis vary depending on method. Semi-quantitative EDS analysis is generally limited to recognizing different elements that may be present in an unknown sample. If one just wants to know what elements are present, there is little instrument set-up required. To determine the composition of an unknown phase quantitatively, WDS analysis is much more involved, requiring instrument standardization based on standards of known composition, followed by evaluation of quantitative results and assessment of errors. Before starting a microprobe session, it is best to have an analytical plan in mind based on prior petrographic observation so that one has a good idea of what phases to analyze in the samples of interest. If one wants to analyze plagioclase, for example, the microprobe analysis routine is set up accordingly for the elements of interest. For most microprobes with 4 or 5 crystal spectrometers, it is possible to acquire 10-12 elements in a given analysis. Because microprobe access is typically charged by the hour, it is best to be well organized ahead of time with a list of samples to analyze (by priority) and photomicrographs or photo maps of the areas of interest so that time is not wasted finding the right spots to analyze; good documentation will make the microprobe session go much more smoothly. 

Data Collection, Results and Presentation

· Electron Microprobe--Dave Waters, Oxford University

Electron probe micro-analyzer (EPMA)

Electron probe micro-analyzer (EPMA) Instrumentation - How Does It Work?

· Electron probes commonly have an array of imaging detectors (SEI, BSE, and CL) that allow the investigator to generate images of the surface and internal compositional structures that help with analyses.

EPMA consists of four major components, from top to bottom:

· EPMA is also widely used for analysis of synthetic materials such as optical wafers, thin films, microcircuits, semi-conductors, and superconducting ceramics.

· Extending Mineralogy by Electron Microprobe Analysis (Goodge, 2003) is a lab module that shows how microprobe analysis can be integrated in the learning environment. It uses EDS, BSE and WDS techniques to help make connections between mineralogy and petrology. It can be done with an in-house SEM or EPMA, via remote teleconnection to another lab, or even entirely on paper.

For more information about Electron probe micro-analyzer (EPMA) follow the links below.

Fundamental Principles of Electron probe micro-analyzer (EPMA)

· Goldstein, J. I., Newbury, D. E., Echlin, P., Joy, D.C., Lyman, C. E., Lifshin, E., Sawyer, L. C., and Michael, J.R., 2003, Scanning Electron Microscopy and X-Ray Microanalysis: A text for biologists, materials scientists, and geologists (3rd Ed.), Plenum Press

· imaging modes such as secondary-electron imaging (SEI), back-scattered electron imaging (BSE), and cathodoluminescence imaging (CL),

· In most cases, EPMA is chosen in cases where individual phases need to be analyzed (e.g., igneous and metamorphic minerals), or where the material is of small size or valuable for other reasons (e.g., experimental run product, sedimentary cement, volcanic glass, matrix of a meteorite, archeological artifacts such as ceramic glazes and tools).

· In some cases, it is possible to determine a U-Th age of a mineral such as monazite without measuring isotopic ratios.

John Goodge, University of Minnesota-Duluth 

Limitations

Literature

· Microprobe analyses are reported as oxides of elements, not as cations; therefore, cation proportions and mineral formulae must be recalculated following stoichiometric rules.

Modern microprobes make it possible to collect large datasets of "spot" analyses of minerals with a high degree of accuracy and efficiency. Examples of typical applications include determination of compositional variations in zoned minerals (that can be related to elemental mapping), or multiple analyses of mineral parageneses for the purposes of geothermobarometry. Data output (after standardization, and numerous data correction procedures such as background substraction and a variety of 'matrix' corrections) is typically a data table of weight percent of the simple oxides that comprise each mineral. An example of qualitative data tables can be seen in the Results section of the WDS module. These compositional data can then be recalculated as mineral structural formulae based on stoichiometric principles.

1. Most silicate minerals are electrical insulators. Directing an electron beam at the sample can lead to electrical charging of the sample, which must be dissipated. Prior to analysis, samples are typically coated with a thin film of a conducting material (carbon, gold and aluminum are most common) by means of evaporative deposition. Once samples are placed in a holder, the coated sample surface must be put in electrical contact with the holder (typically done with a conductive paint or tape). Choice of coating depends on the type of analysis to be done; for example, most EPMA chemical analysis is done on samples coated by C, which is thin and light enough that interference with the electron beam and emitted X-rays is minimal.

2. Nearly any solid material can be analyzed. In most cases, samples are prepared as standard-size 27 x 46 mm rectangular sections, or in 1-inch round disks. Rectangular sections of rock or similar materials are most often prepared as 30-micron-thick sections without cover slips. Alternatively, 1-inch cores can be polished. Chips or grains can be mounted in epoxy disks, then polished half way through to expose a cross-section of the material.

· Probe analysis also cannot distinguish between the different valence states of Fe, so the ferric/ferrous ratio cannot be determined and must be evaluated by other techniques (see Mossbauer
· Quantitative EPMA analysis is the most commonly used method for chemical analysis of geological materials at small scales.

· Reed, S. J. B., 1993, Electron Microprobe Analysis (2nd Ed.), Cambridge University Press.

· Reed, S. J. B., 1995, Electron Microprobe Microanalysis, in Philip J Potts, John F. w. Bowles, Stephen J. B. Reed, and Mark R. Cave (eds), Microprobe Techniques in the Earth Sciences, The Mineralogical Society Series, vol 6., p. 49-90.

· Reed, S. J. B., 2005, Electron Microprobe Analysis and Scanning Electron Microscopy in Geology (2nd Ed.), Cambridge University Press.

Related Links

3. Samples are loaded into the sample chamber via a vacuum interlock and mounted on the sample stage. The sample chamber is then pumped to obtain a high vacuum.

· Some elements generate x-rays with overlapping peak positions (by both energy and wavelength) that must be separated.

· Spot chemical analyses can be obtained in situ, which allows the user to detect even small compositional variations within textural context or within chemically zoned materials.

Strengths

Strengths and Limitations of Electron probe micro-analyzer (EPMA)? 

Teaching Activities and Resources

Teaching activities, labs, and resources pertaining to Electron probe micro-analyzer (EPMA).

The following literature can be used to further explore Electron probe micro-analyzer (EPMA)

4. The most critical step prior to analysis is giving the sample a fine polish so that surface imperfections do not interfere with electron-sample interactions. This is particularly important for samples containing minerals with different hardnesses; polishing should yield a flat surface of uniform smoothness.

5. To begin a microprobe session, suitable analytical conditions must be selected, such as accelerating voltage and electron beam current, and the electron beam must be properly focused. If quantitative analyses are planned, the instrument first must be standardized for the elements desired.

· University of Massachusetts-Amherst Probe Lab - also a good site with particular emphasis on geochronological applications of EPMA

· University of Minnesota Electron Microprobe Lab - a comprehensive overall resource on EPMA lab instrumentation and sample preparation

Unlike an SEM, which can give images of 3D objects, analysis of solid materials by EPMA requires preparation of flat, polished sections. A brief protocol is provided here: 

User's Guide - Sample Collection and Preparation 

What is Electron probe micro-analyzer (EPMA)

· Working with Electron Microprobe Data from a High Pressure Experiment (Schwab, 2004) is a problem set in which students use electron microprobe analyses of a peridotite partial melting experiment to determine mineral formulas, calculate unit cell content, plot results on a classification diagram, and use a geothermometer.

· Zoned Plagioclase Exercise (Smith, 2003) allows students to become familiar with the various types of zoning found to occur in plagioclase feldspars, recognize and identify the various zoning types, and interpret the petrogenesis of the various zoning types from optical and microprobe data.

