Rigaku SmartLab Instructions:
Note:  This is a summary of procedures for running the SmartLab.  More comprehensive information is available from the SmartLab Guidance help menu.
The SmartLab is basically a theta-theta diffractometer that can accommodate a variety of optical components.  It consists of a tube (Cu radiation) and a scintillation detector.  In addition to these axes, the instrument has a Chi axis (tilt), Phi (rotation) and Z (sample height).  In addition to the standard sample stage, two other sample stages are available, an X-Y stage for wafer mapping or multiple samples and a HT domed stage for heating samples up to 1100C in vacuum, air or nitrogen.  Interchangeable optical components are available for both the tube and detector side of the instrument.  All optical components are encoded so that the computer can read which ones are in place at any time.  
To begin:  Open Coral* on one of the stand-alone computers and enable the Rigaku Smartlab under X-ray and Diffraction Analysis.
1. Normal Stand-by Condition for the instrument:  

The X-rays will be on at the standby settings of 20kV and 2mA.  The yellow/orange light on top of the instrument is the indicator that the X-rays are on.  (see Safety Information at end of the instructions).  The instrument will be on.  The green light on the right side of the front panel indicates that the instrument is on. (see section at the end of the instructions “if instrument is not on”)
2. Getting Started:

Log onto the computer using login name “xray” and password “scintag”
Open the SmartLab Guidance program.  The username should be “xray”; there is no password for the software.  The software communicates with the instrument and gets the positions of all the angles.  The values for the goniometer angles, current & voltage will be shown in a box on the left side of the screen.  
At this point, the radiation doors must be closed and locked (push door lock button) in order to proceed.  Once the door is locked, the window on the computer screen telling you to shut the doors, will close.
Go to the Control menu and select “Aging”.  The “use everyday” option should be selected in the window.  Select “execute” to age the beam slowly.  It will come up to 40 kV and 44 mA over ~7 minutes.  (If you select “not used for 2 days to 1 week” from the aging menu, it will take ~ 2 hours to bring up the beam).

Whenever the instrument is doing something, the Hardware Status Control window will appear to inform you of what is happening.
3. Selecting Diffraction Scan Package:
Rigaku has provided packaged programs to help you get started running the instrument.  From the “Task” menu, select “Package measurements”.  A list of options for analyses appears, you can select a package that is designed for the type of information that you want to obtain, for example, “Film thickness determinations”, or you can select a type of scan from the “General measurement” packages.  Each package consists of at least an optical alignment, sample alignment, and measurement portion.  When you have become familiar with the type of scan that you want to do, you should create a macro that can be saved in your directory and will have the conditions for your scans.  
Optical alignment:  The optical alignment is done to align the instrument. 

Sample alignment:  adjusts height of sample and “flatness” relative to the beam

Measurement:  sets up the type of scan and parameters for the scan.
Changing Optical Components:  each optical component is “read” by the computer and you will be prompted to change any component that is not needed for your scans.  When you change an optical component, do not touch the encoded region and do not put the encoded tag so that it touches the instrument.  Scratches on this tag will make it unreadable to the computer.
Optical Alignment:  The optical alignment sets up the instrument with the appropriate optical components and slits for the type of scan that has been selected.  It is not necessary for you to know what components should be in place for a scan; the computer will determine which components are in place and indicate to you which ones have to be replaced.  A complete alignment can be done by selecting “execute”; usually you can select “change optics without alignment” and parameters from the last alignment will be loaded.
Sample Alignment:  Sample alignment usually requires a height (Z) scan to position the sample at the point where half the direct beam intensity is attenuated.  Thin film samples usually have to be aligned to insure that they are flat by rocking omega over the surface.
Measurement:  Depending on the package selected, parameters may already be pre-set for the measurement.  The General Measurement package allows you to select any axis for the measurement.  (see below for “Types of Scans”.)  If you select a package from the General Measurements, you need to remember to turn on “read current slits”, or enter the current slits that you want for the measurement.  
If you select a package measurement that has a pre-set scan, you can “run recommended sequence” or “customize conditions”.  In order to see what constitutes the recommended sequence, you must select customize conditions.
Package measurements can be run as a package, by selecting the “run” button, or the components can be selected individually and run using the “execute” command. 

4.  Setting up Macros:

It is highly recommended that once you have determined what kind of scans you need to do, that you create a Macros that can be stored in your directory.  

To create a Macro:

From the Tasks Menu, select Macro.  If a packaged measurement had been selected, that region of the screen will now be blank.  Select “Add parts”.  A new window will open with all of the packaged programs listed, as well as some additional components which are listed under “Basic Parts”.  The Basic Parts menu contains options for moving the X-Y stage, heating samples using the HT dome, aligning the analyzer monochromator, among others.  Even if you are just using one of the standard packages, if you create a Macro with the package, you can set the range and type of scan and save it in your own directory.
Most scans are run from the Package Measurement or from Macros.  However, the user can operate the instrument in a Manual mode.  From the Task menu, select Manual Control.  The window that appears allows complete control over moving axes and collecting data.  

5. Data Analysis:
The Data Analysis programs are installed on the computer to the left.  Only the Integral Intensity program is running on the SmartLab computer.

JADE should be used for most standard types of analyses, including peak fitting, phase identification, particle size measurement, and stress determination.
XRR is the program used for analyzing low angle, reflectivity scans for film thickness and interface roughness calculations.

GlobalFit is the program for modeling layered structures.

FindIt is the program for accessing the ICSD (inorganic crystal structure databse).
6.  Shut Down:
Lower the voltage and current to the standby setting of 20kV and 2mA.  This can be done by selecting the “shutdown button” which is displayed just above the program window.  The selected option should be “lower to minimum settings”.  Select execute.

[image: image1.jpg]==

staup.. | K

Shutdonn.





[image: image2.jpg]Shutdonn condiions
XGset [Setto minmum

[T minutes before Povier Off

Vokage(kV; [0 Curentmay. [

Evecute Cancel





The instrument is left ON (unless there is a problem).

Disable the instrument in Coral.

Additional Procedures:

7.  What to do if the X-rays and/or instrument are OFF when you come in:

Check the heat exchanger, which is the light gray box behind the instrument to the right.  You should see lights on (and you will hear it).  If the lights on the front panel are not on, turn the heat exchanger on with the single black switch on the right side of the front panel.  Check the front of the SmartLab.  If the “operate” light is not green (probably red), press the green power button.  The operate button should flash green and then remain on (green).  The HV enable key should not be touched.  

The instrument is now on, but the X-rays are not on.  To turn on the X-rays, open the SmartLab Guidance program.  Under the Control Menu, select XG control.  Make sure that the settings are 20kV and 2mA and select start.  The instrument is now in the standby conditions described in the beginning of the instructions.

8.  Safety Information:
When the light on the top of the instrument is on, that is an indication that the X-ray generator is on.  X-rays are being generated inside of the tube housing.  No X-rays are coming out of the tube housing.  This only occurs when the shutter is open.  The small red light on the box by the CBO unit on the tube side of the instrument is the “shutter open” indicator.  The shutter cannot be opened unless the enclosure door is closed and the “door lock” button is out (not flashing).  If the shutter is opened, the moment the “door lock” button is pressed, the shutter will close.  You are never in any danger of being exposed to the X-ray beam.
9.  Types of Scans:
theta/2theta scan:  Standard theta-theta scan, in which the detector and tube angles are the same throughout the scan.  This is the type of scan used for powders.
2theta/omega scan:  An offset can be put in for omega and then both tube and detector will scan.  This scan can be used to get rid of substrate peaks of thin film samples, or to align to a substrate peak on an epitaxial thin film sample.
Omega scan:  The 2theta value is fixed (at the angle of the reflection of interest).  The angles are “rocked” through a range of omega values.  The selected range is usually “relative” to the 2theta position of the reflection.

2theta scan: Only the detector moves.  The tube (omega) is held fixed at a low angle.  This technique, which is called grazing incidence angle diffraction, is used for polycrystalline thin films.   
Chi scan:  tilts the sample. This is used primarily with pole figure scans.
Phi scan: rotates the sample.  Used with pole figure scans or to look for preferred alignment is samples.
Z scan:  Adjusts height of sample.  Used in sample alignment procedure.
*instructions for obtaining a CCMR Coral account and for enabling the instruments are posted on the bulletin board

If “Execute” is checked, the shutdown option can be used as part of a macro.  To bring the settings down to minimum values immediately, select the Execute button (lower left).








