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The Hysitron nanoindenter measures the vertical deformation of materials as a vertical force is applied using a sharp point of a known geometry. From those data, quantities such as the Young’s Modulus, hardness and fracture toughness can be determined.  Additionally it is possible to use lateral or time-varying loads to determine friction/wear properties or elastic energy storage/ loss properties, respectively.  Groups of scans can be performed over a line or grid with sub micron precision and loads ranging from ~1 ( 10-6 to 1.5 newtons.  The system can also image indentation sites using an AFM-like mode.
 Starting up the Nano Indenter
1. Log in to machine 

2. In the Positioning window check that the current position is the load/unload position.  If not enter the load/unload coordinates into the Move section of the window (These coordinates are in the “Important Information” text file on the desktop), 
a) click the “Absolute” radio button.
b) Make sure that the motor speed is set to Coarse.
c) Click the Move button to bring the system to the load position.
3. Mount the sample. Taller samples should be mounted in the back right corner. 

4. At the top of the main window, check to make sure workspace “Hysitron Standard” is open.  
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Setting up Sample Boundaries
Open the Safety Limits window.  This will bring up a diagram of the stage surface and allow you to define positions for your sample(s).
1. In the Positioning window, click the Video button to open the camera view.  Turn the dial on the lamp power supply to a little past halfway (i.e., about the 1 o’clock position).
2. In the safety limits window, click on the Edit Samples button then click “create new sample” and “rename sample”.  Label the new sample(s) that you have loaded. 

3. In the main Safety limits window, select Stage in the drop down menu.  Use the X and Y arrows to move the pink circle – which represents the camera – over your sample.  Move until you see the edge of your sample on the video screen and/or the spot from the lamp is on the edge. Then use the Green +/- Z Arrows to focus on the sample surface – BE CAREFUL to WATCH THE INDENTER TIP AND Z-POSITION WHEN FOCUSING DOWN.  STOP MOVING DOWN IF THE TIP IS WITHIN ~3 mm of the stage or another sample OR the Z position is 25 mm or greater.  Focus up using +Z.
4. When the sample is in focus, click the Add button to set a point along the boundary for the safe indent area for this sample.  Move to the next corner of the planned indent area and add points to complete the x-y boundaries for your sample.  Refocus using the z-arrows if necessary before adding a point at a position. 

5. Right click inside the boundary to select the appropriate place for a quick approach.  Click Quick approach to have the system touch down lightly on the sample to determine the Z-height of the sample surface. 

Performing a Single Indent

1. In the Video window, make sure that the correct indent position is in the crosshairs and in the Safety Limits window check that a quick approach has been performed near that point.
2. In the Positioning Window; Choose Setup\Indent load function Open Loop from the top menu.  Open a saved load function and/or edit the load function parameters. Minimize the load function window. 
3. In the Positioning Window; Choose Setup\Single lndent Open Loop.  Check video screen and safety limits before making selection. After you click it, when pop up window reading “Make sure load function is set up correctly” appears, make sure to zero the load display on the transducer using the coarse and fine adjust knobs.
4. After a single indent has been done, save the data to D:Hysitron Users.  
Setting up a Method 

1. In the Positioning Window, Click the Methods button or go to File\Methods

2. From top to bottom, fill in the fields for the Method:

a. Method Name (You should always check the parameters of a saved method as they might be altered by other users)
b. Method Type (Single Indent, Scratch, or Wear Test)
c. Pattern (Similar to (a.), always check the pattern you plan to use for alterations)  To check an exisiting – or create a new – pattern, click Patterns at the top of the methods window and choose New or Modify in the Grid section of the pattern window. 
d. Base File Name

e. Directory

f. Whether and how to offset/rotate the Pattern

g. Where to perform the Indent pattern and how many times to repeat it

h. Which load function to use and whether/how much to increment it each time

i. Whether to perform another method after the first, and – if so – which one

j. Whether and when to obtain an AFM image(s) of the indent area

3. Select Check method to ensure that all fields and options are properly configured
4. Run Method
Calibration using a standard
Checking Current Calibration
1. If necessary, set up the safety limits for the standard as described above.  In the Safety Limits window, select the standard to be used from the drop down menu.  Right click to move the microscope to the position. 

2. Click quick approach. Check to ensure the last contact value updated in safety limits. 

3. In the Positioning Window; Choose Setup\Indent load function Open Loop from the top menu.  In the load function window, open the load function “triangle 8500_uN_20s”.  Adjust the peak force based on the tip and material as recommended in the “Important Parameters” text file on the desktop. 

4. Perform a single indent as described above.
5. For single indent, the data analysis window will open automatically. For methods go to Setup Indent Data Analysis 

6. Switch the area function selector switch to Analysis Window instead of Indent File. 
7. Hit "Define Area Function" (icon with a curve and the letter A) and check that area function is correct for tip and standard being used – e.g., Berkovich_Quartz – and indent depth (if not certain, choose most recent area function with correct tip and material) . 
8. Back in the Analysis window, make sure "Unloading segment" reflects the last segment of the load function (e.g., for triangular load function = 2) and hit "Execute Fit".   The reduced modulus, Er, should be within ~±5% of the calibrated value for the standards (69.6 GPa for quartz, 3.10 GPa for PC).  The max displacement should be around 270-300 nm for Berkovich/Quartz and 600-700 for Berkovich/PC.  
9. If the values are not within tolerances, perform a method to calculate the area function
 Calculating Area function Using cal standard

10. Setup a method as detailed above.  Use the following parameters
1. (b) Single indent
2. (c) At least 7 points (typically a 3 x 3 grid of 9 points with at least 5 micron spacing in x and y).
3. (f) No rotation or translation
4. (g) Perform indent starting at current optic location 1 time.
5. (h) Use triangle_8500uN_20s load function, select constant segment time, use (5000 – 8500 uN for quartz, 1500 – 3000 uN for PC).

6. (i) and (j) do not select
11. Make sure to set the load to zero in the machine. (For single indent- we have to make sure this is done first, for methods it will ask you after you hit start) 

12. After method is done, go to Setup\Indent Data Analysis in the Positioning window.
13. Select Plot multiple scans, and add all scans from the Calibration method.
14. Click Multiple curve Analysis and type a name for the modulus/hardness tabulated data.
15. Back in the main Analysis window, click Analysis\Calculate Area Function
16. Select the results text file that you just created and the correct modulus for the standard you are using(69.6 GPa for quartz, 3.10 GPa for PC).  
17. Start with all coefficients = 0, except (C0 = 24.5 for Berkovich, C0 = 2.598 for cube corner tips, or C0 = -3.1416 and C1 = 2*RTIP[in nm] for conospherical tips) and the box for “All coefficients Positive” checked.
18. Click "Execute Fit". 

19. Save the fit using the format “Tip_Material_Date_Note” or select different options and fit again.  Try to avoid changing C0 except where absolutely necessary and make a note when doing so. (e.g., Berk_PC_092310_varyC0).  
Unloading Sample
· Hit "Move" to move back to unloading position. 

· Take sample out, close door and TURN Microscope LIGHT OFF. 

Finally, make sure to delete the sample name from the safety limits tab for any samples that you have unloaded. 
General
· If software is not open, double-click on "Triboscan" icon. Hit "Cancel" (analysis) and select "Quasi" mode (not dynamic). 

· When main window opens, check that the text box under the “+X” arrow says "QSM" for Quasi-Static Mode. Open the appropriate workspace. 

· Select "Speed" (coarse or fine) and "Absolute" on "Move", and hit "Move". 

· Always warm up at least with three indents, on quartz if already mounted. 

· To send your files through email or use any other programs, first go to File Pause triboscan. 
· When doing quick approach for indents: 

· If approach takes too long, focus is too high. Stop approach and refocus. 
If sample is taller than focus, stage will hit sample. Click Red Emergency Stop button if you see anything dangerous about to happen.  If a tip crash happens, a warning saying "Excessive force detected" will appear.  In either case, please contact a trainer and wait for more instruction before continuing.
