GENERAL SPECIFICATION:
X-Ray Diffraction Instrument Required Hardware, Software, Functions, and Capabilities

LINE ITEM 0001: Quantity one (1) each X-Ray Diffraction System.  

The system shall consist of all of the following components and meet or exceed all of the following required specifications.  
RADIATION AND SAFETY ENCLOSURE:

A complete radiation enclosure shall be provided which prevents exposure from either the direct or scattered x-ray beam.

The system shall conform to all United States federal x-ray radiation safety requirements as well as the German “Vollschutz" standard of radiation safety, or better, for all possible anode types including Mo.  No data collection or reconfiguration operations shall be necessary that require the user to override the radiation safety features.

A key lock shall be present to prevent unauthorized use of the system.

Transparent front sliding or folding doors for convenient access to the goniometer, optics and sample stage are desirable. These doors shall lock automatically when the x-ray shutter is open.

Shall have safety interlocked, hinged rear doors for easy access to goniometer area.

X-RAY TUBES AND TUBESTAND:
The diffractometer shall be able to operate with x-ray tubes of the long fine focus design with a maximum loading of 2.2 kW. 

The diffractometer shall include two x-ray tubes.   One shall have a copper anode and the other shall have a chrome anode.  Both shall have ceramic insulation that provides superior focal stability over glass tubes. Additional tubes with cobalt, molybdenum, and manganese anodes shall be available for future acquisition.  

Tube manufacturing design and tube stand design shall allow for changeover from point to line focus of the same tube and vice versa as required for different analytical techniques in under 45 minutes by persons who have no knowledge or experience in the alignment of x-ray diffraction optics and without the need for realignment of the tube, optics or goniometer.  Reconfiguration from point to line focus in less than 10 minutes is preferred.  

Tube manufacturing design and tube stand design shall allow for changing between x-ray tubes with different anodes as required for different analytical techniques in under 45 minutes by persons who have no knowledge or experience in the alignment of x-ray diffraction optics and without the need for realignment of the tube, optics or goniometer.  A means shall be provided to prevent water leakage inside the cabinet when tube is removed (e.g. quick disconnects).  Maximum tube conditioning time shall be less than 90 minutes.   Tube changeout in less than 10 minutes, and maximum tube conditioning time of less than 45 minutes are preferred.  Tube conditioning procedures shall be automated.

The system shall automatically recognize tube type and tube point/line focus configuration. 

The tube stand shall contain a shutter mechanism with fail-safe interlocks.

GENERATOR:

The system shall include an x-ray generator that is capable of 3.0 kW output power and use solid state technology with remote computer control. 

Shall allow pre-set kV and mA values to be used for different analytical programs.

Shall allow the user to program a standby setting (minimal kV and mA) for when the diffractometer is not being used. 

Shall allow automatic control of all important operation parameters. 

The kV setting shall be adjustable to 60 kV maximum output in 1 kV steps at a stability of less than 0.01 percent at mains variation of +/- 10 percent. The mA setting shall be adjustable to 60 mA output in 1 mA steps at a stability of less than +/- 0.01 percent at mains variation of +/- 10 percent. 
GONIOMETER:
Shall be a vertical theta / theta configuration.
Shall have independent operation of each theta (omega) axis. The angular range of the goniometer shall be between -40 to +200 degrees in omega and -15 to +165 degrees for two-theta depending on accessories. 
Shall provide a minimum 2Theta measuring range of 0 – 165 degrees.
Minimum step size shall be at least 0.001 degrees in both omega and two-theta. 
Accuracy shall be at least +/- 0.0025 degrees.  
Reproducibility shall be at least +/- 0.001 degrees. 

Slew speed shall be at least 12 degrees per second.

Scan speed range shall be at least 0.001 to 1.27 degrees per second.

Goniometer radius shall be variable in the minimum range of 135 to 320mm.

Goniometer positioning shall be based on direct measurement of actual arm positions.

All moveable parts shall be equipped with collision switches where necessary to prevent physical contact between components.

OPTICS:

All optics assemblies shall be reconfigurable by the user.  Interchange of each optics assembly shall be possible in less than 10 minutes by persons who have no knowledge or experience in the alignment of x-ray diffraction optics and without the need for realignment of the goniometer or optics modules at any time. Optics modules shall in no way interfere with the exchange of the x-ray tube focus from line to point foci and vice versa. 

The system shall include the following incident beam optics:

Programmable divergence slit module. This assembly shall have a fixed slit mode and a continuously variable mode with software controlled settings for a minimum sample irradiation range of 0.5 mm to 20 mm in a minimum of 0.5 mm increments.  The fixed slit mode shall allow for 1/32, 1/16, 1/8, 1/4, 1/2, 1, 2, and 4 degree slit sizes, or similar.

Incident beam anti-scatter slit assembly.  This assembly shall include a direct beam stop and 1/32, 1/16, 1/8, 1/4, 1/2, 1, 2, and 4 degree slit sizes, or similar.

Three sets of Soller slits of 0.04, 0.02, and 0.01 radians or equivalent.

The following Beta filters appropriate for use as incident or diffracted beam filters shall be included: Ni for Cu, and V for Cr.

Beam masks of 2, 5, 10, 15, and 20 mm or similar. 

The system shall include the following diffracted beam optics:

Programmable receiving slit.  Shall have a minimum opening range of 0.05 mm to 3 mm with a minimum increment size of 0.05 mm.

Programmable diffracted beam antiscatter slit module.  This assembly shall match the characteristics of the programmable divergence slit module and shall have variable and fixed slit modes.

Three sets of Soller slits of 0.04, 0.02, and 0.01 radians  or equivalent.

A diffracted beam parallel plate collimator appropriate for polycrystalline thin film phase identification.  It shall limit the angular divergence of the beam to 0.2° or less.

ELECTRONICS:

Required electronics for all components needed to meet the specifications of this line item shall be included.

DETECTOR:

Shall be a high speed solid state linear design that provides simultaneous coverage of at least 3.5 degrees 2 theta. This detector shall be maintenance free with no gas flow, gas replacement or wire replacement required and shall operate at room temperature (no cooling materials or devices). 

The detector shall be able to withstand direct x-ray beam exposure with no damage to the detector and shall return to normal operation within ten seconds.  It shall be able to perform grazing angle measurements with no attenuator.

Shall have a minimum dynamic range of 100,000,000 cps.  Higher dynamic range is preferred.

Shall be capable of operating in point detector mode, scanning linear detector mode, or static linear detector mode all controlled by the software.  The static linear detector mode shall operate with no dead pixels. 

Shall meet the same interchangeability requirement as specified for optics modules.

Shall include a set of fixed slits for working at low 2 Theta angles, if required for low angle data.

SAMPLE STAGES:

The system shall provide fast interchange between sample stages without realignment.  

The following separate stages shall be provided:

Flat sample holder stage for flat solids or for powders in flat sample holders up to a minimum of 3mm thick.

A stage for manual translation, rotation, and tilting of bulky samples up to a minimum of 100mm x 100mm x 100mm weighing up to at least 1kg.  

Sample spinner stage:

Shall use a top reference sample holder mounting. The mechanism shall place the sample holder precisely in the diffraction plane and not be susceptible to “wobble” as the sample spins.  Overall sample height reproducibility shall be +/-10 microns or better.

Phi positioning accuracy of 0.1 degree or better is desired in order to use the spinner stage as a phi positioning stage.

A variable spin rate ranging from 0.5 to 5 sec/revolution is desired.

The sample spinner shall accommodate both reflection and transmission measurements.

Shall include an adjustable beam knife to improve peak-to-background ratio.

Shall include a sample changer to accommodate automated sample changeout via computer control.  The sample changer shall be compatible with the sample spinner stage and spinner stage holders and shall include all necessary electronics and cabling.  The sample changer shall be able to accommodate a minimum of 6 samples at a time.  The ability to accommodate more samples at a time (up to 15) is desired.

The following sample holders for the sample spinner stage shall be supplied:

A quantity of powder samples holders commensurate with the maximum sample changer capacity.  The ability to back load powders is desired.

A quantity of samples holders for non-standard solid samples commensurate with the maximum sample changer capacity.  The holders shall accommodate solid samples up to a minimum of 40mm diameter.

A minimum of one Zero Background sample holder.

A sample preparation kit for backloading powder samples shall be supplied, if the powder holders can be backloaded.

X-RAY DATA COLLECTION SOFTWARE:

All data collection software capabilities shall be available at the time of bid opening and be demonstrable in the vendor's US applications lab, with demonstration data or output supplied to the buyer as requested. 

All software packages shall be standard commercially shipping products with user references as requested. 

Operation and execution of the modules shall be fully multi-tasking within the Windows XP environment on a government-provided computer, and shall execute their functions in a seamless manner as presented to the user interface. 

All data collection software shall be written and supplied by the instrument supplier in order to maximize long term support and enhancement in future versions, and compatibility with potential hardware upgrades to the specific unit that is purchased. Third party software is not desired. The vendor should supply and support their software packages and future upgrades.  Any Beta versions of vendor’s software packages shall be approved by the buyer prior to closing of the solicitation.

The data acquisition software shall contain interactive routines to provide the following functionality for all the optics configuration modes of the instruments: 

One-dimensional angle scans including: coupled theta-2Theta scans (gonio), Omega Scans, 2 Theta Scans, Omega/2 Theta Scans.  With appropriate hardware, also: Z scans, Psi Scans, and Phi Scans.

Non-scanning angles set at arbitrary values.   

Any one-dimensional reciprocal space scan between general values within the Diffraction plane. With appropriate cradle hardware, two-dimensional scans built up from a pair of the possible one-dimensional scans may be displayed  as an iso-intensity contour plot. 

Automatic peak location and centering of a small list of reflections using the available degrees of freedom. 

Mathematical definition of sample alignment using the orientation matrix notation.  It shall be possible to define the orientation matrix from two or more reflections, revise the orientation matrix at any time, and use the orientation matrix to refine the lattice parameters of the sample.  

Data collection with real time display of results can be performed in angle or reciprocal space.

A manual mode operation to give direct control over the positioning and scanning of individual motors. While in manual mode, the current angular positions of the motors are displayed on the computer screen.

User-defined batch-scripting program to automate data collection and report generation.

ACCESSORIES:

A water re-circulator unit shall be provided which is sufficient to cool the tube and generator at maximum load shall be included. It shall have a water cooled condensing heat exchanger which is mechanically refrigerated.

EXPANDABILITY:

Sample stages:

The diffraction system shall accommodate future addition of the at least following sample stages which can be interchanged quickly and without goniometer or stage realignment:
Eulerian cradle with automated Phi and Psi rotation and manual Z-translation suitable for texture and residual stress applications.  
Automated X-Y-Z stage.
Optics:
In addition to the incident and diffracted beam optics modules included in this specification, optics modules shall be readily available to ensure future expansion of capabilities to include the techniques listed below. All optics modules shall have the same user interchange capabilities specified above.
Analysis of rough polycrystalline materials.
Thin film thickness measurement, roughness measurement, layer quality, and phase identification.
Texture analysis including reflection pole figures up to 85 degrees 2 Theta.
Residual stress measurements.
Microdiffraction.
SUPPORT:

Application scientists shall be available by telephone for support for the same period specified in the manufacturer's warranty for parts availability.
Any necessary service shall be from a trained customer support engineer of the diffractometer supplier and not an outside contractor. The engineer shall have the ability to rapidly troubleshoot and solve service related problems. The supplier shall have sufficient engineers available to provide prompt response and they shall be factory trained. 
WARRANTY:

The contractor shall furnish their standard warranty with the system and for the x-ray tubes.
LINE ITEM 002: DOCUMENTATION

The Contractor shall provide operational manuals that shall be written in English.  Two (2) sets of operator manuals shall be included which shall document operation and maintenance of the x-ray diffraction system.   All software documentation required to operate/program/diagnose the x-ray diffraction system shall be included.

1. Complete system documentation shall be provided.  This documentation shall address, at minimum: instrument startup and shutdown; component alignment and reconfiguration; data collection; software operation for all provided software modules.

2. Both of the following tests shall be completed following installation:
All instrumental and scan parameters for all data shall be supplied.  The data shall be provided in the ascii text format (x, y columns).
a) Individual peak scan on SRM 660a 

Shall demonstrate a resolution of 0.03 degrees or less FWHM on the 100 reflection of NIST SRM660a LaB6, using Cu radiation.  The system radius and all other settings and system parameters for this test shall be reported.

b) Individual peak scan on SRM1976 

At the same system radius used in the SRM 660a performance test, the detector shall rapidly collect data of high resolution from a NIST 1976 corundum plate using Cu radiation operated at 45 kV and 40 mA from 20 to 160 degrees 2-theta. The step size shall be 0.01 degrees or less. The system radius and all other settings and system parameters for this test shall be reported. The collected data shall meet the following specifications:

1) The most intense reflection shall have peak intensity greater than 5,000 counts. 


2) The ratio of the peak area of the (012) reflection to the (104) reflection shall be within 5 percent of the ratio in the NIST Certificate of Analysis. 


3) The background shall be less than 150 counts between 20 and 22 degrees 2-theta.



4) The resolution shall be set so that the K-alpha one and K-alpha two peaks for the (116) reflection are sufficiently resolved so that the valley between the peaks is 30 percent or less of the K-alpha two peak. 



5) The time taken for the measurement shall be less than 5 minutes.

3.  Environmental Conditions:  Quoters shall provide the environmental conditions that are required for their equipment to meet the minimum specifications required by the solicitation.
LINE ITEM 0003: INSTALLATION & TRAINING

Installation:

A pre-installation manual shall be provided to assist the purchaser in the planning of the installation. The manual shall at minimum specify: the clearance requirements for transport of the system to the set-up location; the dimensional requirements at the setup location; all utility interface requirements; all required environmental conditions to meet the specifications of this solicitation.  The customer support department shall be available to perform a pre-installation inspection to advice of any pre-installation work, which may be required. 

The Contractor shall install the system.  The installation of the diffractometer system shall be performed by a factory-trained customer support engineer.  Installation shall include, at a minimum, uncrating/ unpackaging of all equipment, set-up and hook-up of all equipment, start-up, and demonstration of all minimum specifications.  Qualified personnel shall install the system and perform all activities necessary to ensure the system is fully functional and meets all required specifications.  

Installation shall be completed not later than 30 days after the system is received by NASA.  The exact date and time will be determined by mutual agreement between the NASA Technical Contact and the Contractor.  

After completion of installation, the Contractor shall perform the tests specified in line item 0002, and provide written test data to the NASA Technical Contact.  

Test data shall clearly document that the equipment meets or exceeds all of the Government’s required specifications.  

This data will be reviewed by the Technical Contact.  Upon review, the Technical Contact shall provide acceptance of the equipment, or advise the Contractor of performance weaknesses.  Any required rework and re-testing shall be completed at no additional cost to the Government.
Training:

At least three (3) days of on-site training at the GRC installation site by a qualified application scientist shall be provided for the system specified in line item 0001. Travel and living expenses shall be included. This training shall be separate from any operations training by the service/installation engineer at the time of installation.  Training shall be for a maximum of two (2) operators and shall include, at a minimum: Alignment of all elements of the diffractometer system; Hardware reconfiguration for all components supplied with the instrument; Sample preparation and positioning; Data collection; Data analysis using all the software packages supplied with the system; Equipment operation which will allow NASA personnel to operate the system to its full capabilities; and basic troubleshooting. Installation and training shall be scheduled, in advance, with the NASA Technical Contact.  Training shall be completed not later than one (1) year after the equipment installation is complete.
LINE ITEMS 0004 – 0012 are option line items.  All option line items shall be compatible with the instrument configuration specified for line item 0001.  
LINE ITEM 0004: 

Quantity one (1) each diffracted beam monochrometer.  It shall: be compatible with the detector specified in line item 0001 for all operational modes; meet the interchangeability requirement for optics specified in line item 0001; be designed for use with Cu K-alpha radiation; be compatible with Bragg-Brentano optics.
LINE ITEM 0005:
Quantity one (1) each incident beam x-ray mirror. It shall: be appropriate for polycrystalline thin film phase identification; meet the reconfiguration requirements of line item 0001.
LINE ITEM 0006: 
Quantity one (1) each thin film diffracted beam monochrometer.  It shall: be compatible with the detector specified in line item 0001 in point detector mode; be designed for use with Cu K-alpha radiation; be compatible with parallel beam optics; meet the interchangeability requirement for optics specified in line item 0001.

LINE ITEM 0007: 

Quantity one (1) each molybdenum anode tube with the same technical tube specifications defined in line item 0001.  A Beta filter appropriate for molybdenum radiation shall also be provided.

LINE ITEM 0008: 

Quantity one (1) each manganese anode tube with the same technical tube specifications defined in line item 0001.  A Beta filter appropriate for manganese radiation shall also be provided.

LINE ITEM 0009: 

Quantity one (1) each open Eulerian cradle.  It shall: provide continuous 360 degree Phi rotation and 90 degree Psi rotation or better; manual or automated z-translation; accommodate sample sizes up to a minimum of  28mm high and 60mm diameter; be possible to perform automated data acquisition with this stage for texture and residual stress applications; meet the reconfiguration requirements of line item 0001.
LINE ITEM 00010: 

Quantity one (1) each texture analysis software.  It shall: operate in the Windows XP environment on a Government-provided computer; perform any necessary data corrections; produce pole figures, inverse pole figures, and orientation distribution functions (ODF) from data collected on the instrument specified in line item 0001 with the cradle specified in line item 0009.

LINE ITEM 0011: 

Quantity one (1) each residual stress analysis software.  It shall: operate in the Windows XP environment on a Government-provided computer; perform residual stress calculation using the isoinclination method from data gathered on the instrument specified in line item 0001 or the side inclination method for data gathered on the instrument specified in line items 0001 and 0009.

LINE ITEM 0012: 

Quantity one (1) each transmission component kit.  It shall: include any components needed in conjunction with line item 0001 to perform transmission measurements using the sample spinner stage; shall meet the reconfiguration requirement of line item 0001; shall include a minimum of three sample holders for transmission measurements.
