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SEM/EDS System Usage

Scanning electron microscopy with energy dispersive spectroscopy is an analytical technique useful in cases requiring: a) better magnification or resolution than that provided by optical microscopy, b) better depth of field than that provided by optical microscopy, and c) semi-quantitative identification of elemental composition. The Materials Engineering Branch of the Goddard Space Flight Center uses scanning electron microscopy (SEM) with energy dispersive x-ray spectroscopy (EDS) to perform a variety of analyses in support of space flight project development. The specimens examined cover almost the entire range of specimens that can be examined using the SEM/EDS technique. The variety of analytical tasks required and specimens submitted demands a wide performance envelope in terms of useful magnification, operating voltage, beam current, specimen handling and size constraints, detector options and other features.

The types of tasks performed include: failure analyses (fractography of broken structural elements, identification of corrosion or wear, identification of material defects, etc.), determination of the constituent materials on parts (e.g., plating materials on electrical connectors), verification of dimensions and features of microelectronic mechanical devices (MEMS), identification of particles or debris on tape-lift samples (to verify spacecraft cleanliness or identify wear debris), complementing traditional metallographic analysis with semi-quantitative material identification, quality assurance inspections, and others. The examination of MEMS devices and detector devices is particularly challenging in that the features of interest may be smaller than one micrometer and may combine electrically conductive and non-conductive materials. Failure analysis and quality assurance inspection tasks present challenges for the sample handling capability of the microscope. Specimens may be large and require examination from multiple viewing angles.

Two microscope capabilities in particular will extend our current SEM capabilities. These are a field emission electron column and variable pressure operation. The field emission (FE) column has better resolution, lower minimum voltage, and higher current density that the less-costly thermionic emission column. Variable pressure mode allows the examination of specimens that are not electrically conductive.

System and Performance Requirements for

Scanning Electron Microscope (SEM) with

Energy Dispersive X-ray Spectrometer (EDS)

Scanning Electron Microscope (SEM) Requirements

Electron Column

1. The SEM shall have a field emission electron beam source using a Schottky emitter; the system shall not utilize a thermionic emission source or a cold cathode source. (Thermionic source does not give sufficient resolution.  Cold cathode has higher current noise, higher vacuum requirement, and requires more upkeep)
2. The SEM shall have a resolution of 2 nm or better under optimum operating conditions.  (Required for MEMS devices and detector devices)
3. The SEM shall be capable of imaging a specimen using a beam accelerating voltage in a minimum operating envelope of 1 kV to 30 kV.  (Low voltage required for surface sensitivity.  Upper voltage required for high-energy x-ray analysis)

3.1. The beam accelerating voltage adjustment increment shall be 0.5 kV or smaller.  (Want flexibility in voltage setting)
4. The SEM shall be capable of achieving a beam current of 2 nA.  (Need high current for EDS analysis, particularly for x-ray mapping)

4.1. The beam current adjustment increment shall be 1 pA or smaller.  (Want flexibility in current setting)
5. The SEM shall include the following detectors:

5.1. In-column secondary electron detector,

5.2. Additional, off-axis secondary electron detector,  (For texture identification)
5.3. Backscattered electron detector.  (For quick material discrimination)
6. The SEM shall have a usable low magnification limit of 20( or less.  (To find areas of interest on large specimens)
7. The SEM shall be capable of acquiring usable images both with the specimen chamber at high vacuum (pressure equal to or less than 1 ( 10-5 torr) and with the specimen chamber at low vacuum (pressure equal to or greater than 1.8 ( 10-4 torr) so as to allow examination of electrically non-conductive specimens.  (Low vacuum operation allows the examination of samples that are not electrically conductive without having to coat the samples)
Specimen Chamber

8. The SEM shall include a 5-axis eucentric specimen stage.  (For flexibility of specimen positioning during analysis)
8.1. The stage shall be motorized in at least the X, Y, and Z translation axes.  (Reduces analysis time)
8.1.1. The X-axis shall have a minimum of 60 mm of travel.

8.1.2. The Y-axis shall have a minimum of 60 mm of travel.

8.1.3. The Z-axis shall have a minimum of 50 mm of travel.

8.2. The motorized axes shall be adjustable by joystick or similar controller.  (Avoids click-and-drag positioning system. Most ergonomic way to control stage motion)
8.3. The tilt-axis shall have a range of motion with a minimum envelope of +0( to +90(.  (Required for sample manipulation to avoid having to break vacuum to view all areas of interest)
8.4. The rotation axis shall have a range of motion with a minimum envelope of 0( to +360(.  (Same as item above)

8.5. Each controlled axis of motion shall have a position indication read-out device.  (Position feedback, to the user, is necessary for specimen positioning.  For example, distance from a recognizable feature)
8.5.1. The X-, Y-, and Z-axes shall have positioning repeatability of ( 10(m or better.  (Allows specimen to be removed from microscope, put back in, and a scanning-type analysis continued)
8.6. The stage shall have a specimen load capacity of 2.45 N (0.25 kg) or greater.  (Must be able to handle moderately sized parts such as large bolts)
9. The specimen chamber access system shall allow the operator to switch specimens of the largest size that will practically fit within the chamber and to achieve a working specimen chamber vacuum within 3 minutes of activating the vacuum system.  (Samples are often large, irregular shaped, and difficult to position on sample mounts.  Waiting between samples impact efficiency)
10. The SEM specimen chamber shall have access ports for the addition of the following accessories: energy-dispersive x-ray spectrometer (EDS), wavelength-dispersive x-ray spectrometer (WDS), and electron backscatter diffractometer (EBSD).

11. The SEM shall have a method of viewing the position of samples with respect to obstructions within the chamber while the chamber access doors are closed. This may be accomplished by view port, in-chamber camera, or similar method.  (Required to avoid hitting detectors or the final lens with the sample)
System Tools

12. The SEM shall include a dedicated panel with knobs for controlling magnification, focus, and other frequently altered settings (e.g., image brightness, image contrast, and astigmatism correction).  (Must be dedicated control rather than a single computer mouse interface to prevent operator fatigue)
12.1. This dedicated panel may replace or duplicate control settings adjustable using a computer-driven microscope control interface.

13. The SEM shall include a separate monitor displaying the acquired image over nearly the entire viewing area.  (Forms a highly magnified visible image of the sample)
13.1. This image display monitor shall be included in addition to a monitor displaying the microscope condition and control functions.

14. The SEM shall utilize digital imaging with an image size of 2,000 ( 1,500 pixels minimum.  (Allows integration into reports sufficient for full page image printing)
15. The SEM controller tools shall include the following capabilities:

15.1. Variable scan rate for fast focusing image updating,  (Allows focus to be adjusted quickly while maintaining a slow scan rate or continuous averaging for low-noise imaging)
15.2. Beam spot control,  (Essential for x-ray microanalysis)
15.3. User-calibratable, on-screen, point-to-point distance measuring,  (Extremely useful for specimen feature dimensions)
15.4. User-calibratable, on-screen, line-to-line distance measuring,  (Extremely useful for specimen feature dimensions)
15.5. Electronic image rotation and shift,  (Useful in conjunction with line width measurement if the line width tool is not rotatable)
15.6. Digital image storage in an industry-standard format (e.g., TIFF, JPEG).  (Allows integration of stored images into reports, and retrieval at a later date)
Utilities / General

16. The vacuum system shall utilize mechanical roughing pump(s) and turbomolecular pump(s); the vacuum system shall not utilize diffusion pumps.  (Diffusion pumps are slow and require more maintenance than turbomolecular pumps)
17. If a chilled water loop is required for microscope cooling, the customer shall have the option of selecting an air-cooled chiller or water-cooled chiller.

18. The SEM shall operate on a power circuit that is nominally 120 V at 60 Hz, with a maximum current draw less than 30 A. Peripheral equipment may operate on a power circuit that is nominally 120 V at 60 Hz, with a maximum current draw less than 20 A.  (Allows the use of utilities currently in place)
Energy Dispersive X-ray Spectrometer (EDS) System Requirements

Detector

19. The EDS system shall utilize a solid-state detector with a resolution of 133 eV or better at the Mn K( peak.

20. The EDS system shall be capable of measuring x-ray energies in the range 0 – 20 keV.

21. The EDS pulse counter system shall digitize the energies of the detected x-ray spectrum with a minimum of 2048 channels for the 0 – 20 keV span.

22. The detector shall be liquid nitrogen cooled or thermoelectrically cooled.

22.1. If the detector is liquid nitrogen cooled, the liquid nitrogen dewar shall hold sufficient charge to keep the detector at operating temperature for a minimum of 72 hours in a lab environment of 24 (C ambient temperature.

23. The detector shall include over-temperature protection to prevent operation when the detector is at a temperature at which damage will occur.

24. The detector shall be sealed to prevent atmospheric contaminants from fouling the detector chip.

24.1. The detector shall be sealed in such a way that the aperture may be exposed both to atmospheric pressure and to vacuum of 1 ( 10-7 torr.

24.2. The detector shall be sealed in such a way that the spectrum peak caused by K-series x-ray emissions of beryllium is detectable.

25. The EDS system shall digitize the x-ray intensity scale in either total counts or counts per second; the choice of total counts or counts per second shall be user-selectable.

System Tools

26. The EDS system shall be capable of displaying the theoretical peak positions of the x-ray emissions of all detectable elements in the spectral range.

27. The EDS system shall display the detected x-ray spectrum while in the process of acquiring the spectrum.  (Required to speed up analysis work)
28. The range of the spectrum display shall be changeable both in the x-ray energy axis and in the intensity axis.  (Allows zooming in on areas of interest in the spectrum)
28.1. The range of the spectrum display axes shall be changeable during spectrum acquisition.  (Allows analyst to examine the spectrum during acquisition)
29. The EDS system shall be capable of x-ray mapping for at least 5 selected energy ranges in addition to a captured secondary electron image.

30. The EDS system shall be capable of performing quantitative analysis using the ZAF correction method.  (Our preferred method for polished metal samples)
30.1. The EDS system shall include a standard library of peak shapes and correction factors for all detectable elements.  (Allows semi-quantitative analysis immediately)
30.2. The EDS system shall be capable of measuring peak shapes of detectable elements using pure standards supplied by the user in the user’s SEM; peak shapes measured from user-supplied standards shall be storable in addition to those in the standard library.  (Allows calibration of the EDS semi-quantitative analysis to our particular microscope)
30.3. The EDS system shall be capable of determining ZAF correction factors from user-supplied and defined standards in the user’s SEM; correction factors determined from user-supplied standards shall be storable in addition to those in the standard library.  (Same as item above)
31. The EDS system shall be capable of communicating with the SEM in order to determine the magnification, accelerating voltage, and beam current condition.  (Ensures correct settings are read by the EDS system and avoids operator input error.  Settings are stored with x-ray spectra and are required for outside analyst to evaluate the information contained within the x-ray spectra)
32. The EDS system shall be capable of opening stored x-ray spectra currently held by the Materials Engineering Branch [Oxford Instruments’ ISIS format].

33. The EDS system software shall be upgradeable to include wavelength-dispersive x-ray spectroscopy (WDS) and electron backscatter diffractometry (EBSD) system integration.  (The government may include WDS and EBSD capability at a later date)
General Requirements, SEM and EDS Systems:

34. The contracted cost of the system shall include on-site installation of the equipment at the Goddard Space Flight Center, Greenbelt, MD 20771 in building 30, room 123.

35. The contracted cost of the system shall include a one-year warranty on all parts and services or a one-year comprehensive service and maintenance agreement, the one-year period to begin on the date of acceptance.

INSTRUCTIONS:

Meeting the Requirements:

The technical proposal must sufficiently describe how the item(s) proposed meet each specification in the statement of work (SOW), in the same order as listed in the SOW.  Vendor shall fully explain the compliance.  Vendor shall not state compliance by “reference” to specification sheet, or that item “meets/complies”, or by paraphrasing the SOW.

Past Performance 

The vendor must provide at least 3 references for the same system being quoted and delivered within the past 2 years.  Include: Company Name, Phone Number, Contact, and Order Number or approximate delivery schedule.

Delivery Schedule

Vendor shall provide nominal and worst-case estimates for the delivery and installation of system quoted based upon previous history of deliveries.

Evaluation Factors

Selection will be based on the proposal that is most advantageous to the government based on the following evaluation factors:

1)  Meeting the requirements in the Statement of Work,

2)  Acceptable past performance, and

3)  Delivery schedule.

Acceptance

Acceptance will be made upon installation and demonstration that the system meets or exceeds all requirements of the SOW.

