How to Run an MFP Experiment

I.  Initialization

1.  Center the MFP on the vibration table.  Turn on Vibration table by flipping 


the switch in the center of the back of the table.  Use the hexagonal wrench 
to adjust the two screws on each side such that all four pins are in the center 
of their holes.

2.  Turn on the laser by flipping the switch on the MFP controller.

3.  Create a file and backup folders for the experiment you are about to run.

4.  Open a new MFP experiment by double clicking on one of the packaged box 

icons on the computer screen.  Go to “MFP Controls” and open up “Pulling Controls”, “Sum and Deflection Meter”, “Start Hampster”, and “Video”.
5.  In the Pulling Controls box, click on “Save to Memory” and “Save to Disk”.  
For the latter, browse to select the relevant backup folder you created in step 
3.

6. Enlarge the video screen for better viewing.

II.  Focusing the laser on the back of the cantilever


1.  Clean the tip holder either by rinsing and wiping with the solvent you are about 


to use, or with ethanol if you are not using a solvent.  The plastic part is of 


importance here, not necessarily the metal.  Alternatively, you may 



ultrasonicate the tip holder for 10 minutes to get a very deep cleaning.  This 


may be done by filling the sonicator with water to the fill line, placing the tip 


holder in a small beaker and cover it completely in the appropriate solvent 


(the one you will be using or ethanol), then placing the beaker in the 



sonicator bath and turning the dial to 10 min.


2.  Break off a new chip by first placing a row of chips, tip-side up, onto a glass 


cover slip which has been fixed to a glass slide by tape, e.g.  Position the row 


such that only one chip is extending beyond the edge of the cover slip 


leading to the far end of the glass slide.  Holding down the second chip from 


the end extending over the edge with a pair of tweezers, apply pressure to the 

center of the backside of the chip over the edge until it break off the row and 

lands safely on the glass slide.  Place the rest of the row back into the gel 


pack.  Remember that the tips are on the upside of the cantilever (the side 


with the Omega sign) So If a chip ever flips over, most likely you have ruined the tips 


or at the very least contaminated them.  Throw the chip away and begin again!


3.  Place the new chip into the tip holder by pressing gently back onto the spring-


loaded gold tip clamp, sliding the chip underneath it (tip-free end first), 


being careful not to touch the tips, and then release the tip clamp.  Nudge 


the chip gently on either side to ensure it is secure.  Invert the MFP head, 


load the tip holder, and replace the head to the microscope base.


4.  Shine the snake light at the chip from the side so that it is illuminated on the 


video screen.  Focus and position the microscope so you can clearly see the 


tip you are about to use.  Make sure it doesn’t look broken or contaminated!  


Now move the light slightly away so you can see the laser beam on the 


screen.  Focus the laser on the back of the cantilever by first positioning 


the laser on the edge of the chip between the legs of the cantilever, then 


moving it out onto the tip of the V.  Tweak the laser positioning on the tip 


such that the “Sum” in the Sum and Deflection Meter is maximized.  


Finish by turning the Photo Diode knob until the “Deflection” in the Sum 

and Deflection Meter reads zero.  Move the light away and turn it off.  


Close the video window.

III.  Calibrating the Tip


A.  If you will be working in fluids:



1.  Invert the MFP head and remove the tip holder.  Wet the tips with a 



small drop of the solution you will first be using for your experiment.  


Verify that the tips are
wet by viewing them with the monocular.  



Replace the tip holder in the MFP head.  Do not yet re-invert the 



MFP head.



2.  Fix a piece of mica to a glass slide using vacuum grease or tape, then 



cleave off the top sheet of the mica with a piece of tape.  Wet the 



mica with 2-3 drops of the fluid you will be using and place it on the 



sample stage.



3.  Being careful not to move the laser adjustment knobs, gently 



replace the MFP head, back feet first, onto the base, and slowly 



lower the front foot while watching the tip holder and sample to 



ensure that the tip does not crash into the sample.  Adjust the front 



foot if necessary.



4.  Lower the front foot until a meniscus forms with the fluid, then gently 



re-adjust the laser positioning to re-maximize the sum and re-zero 



the deflection.



5.  Lower the front foot until the tip is just above the surface of the 



mica.  Do this by lowering until the deflection meter just turns red, 



then backing off until the tip is just free from the surface (the 




deflection meter should read blue or zero.  Be careful 
to ensure the 



tip is really free, and not sticking.  Re-zero the deflection meter using 



the photodiode knob on the MFP head.



6.  In the “MFP Display” menu, select “Graph Options”.  For the y-axis 



select “Deflection” and for the x-axis select “LVDT”.  Select 




“Realtime Graph”.



7.   Make sure the little black switch on the MFP controller is switched to 



“MFP Z” then take a force curve by clicking “Do Single Pull” on 



the pulling controls menu.  If the resultant curve is all noise, the tip is 


completely off the surface.  If the resultant curve is thin and linear 



with a negative slope, the tip is completely on the surface.  Turn the 



hamster a full turn or so to lower the piezo toward the surface, then 



try the force curve again.  Repeatedly adjust the hamster and taking 



force curves until you get a curve that has a non-contact regime 



and a constant-compliance regime.



8.  Determine the correct IOLS Value for the tip:  Create a review graph 


by going to the “MFP Display” menu and selecting “Make Review 



Graph”.  In the review panel to the left of the 
Review Graph, select 



the suffix of the graph you wish to analyze from step 7.  Note that 



the suffix of the next curve to be taken is displayed in the control 



panel under “Scan Controls”, so the suffix of the last curve taken is 



one less than this number.  Select the Review Graph and type 



<ctrl><i>:  two cursors, one round and the other square, should 



appear in the lower left hand corner of the Review Graph.  Click and 



drag each of them such that they are ~2cm apart on the blue 



retraction curve, and in the constant compliance regime near 



the point of contact.  Go to the “Analysis” menu and select “Curve 



Fitting”.  In the “Function and Data” menu under Curve Fitting, 



select “line” for Function, and click on “From Target”.  Then for the 


“Y data” select the deflection curve you are analyzing, and for the “X 


data” select the LVDT curve you are analyzing.  Then go to the 



“Data Options” menu in the same box and select the “Cursors” 



button.  Finally, click “Do It” at the bottom.  You have just 




calculated the slope of the line.  In the dialog box there will be a line 



four or five lines from the bottom beginning with “W_coef”.  You 



want the second number in the brackets on this line.  Divide the 



current IOLS value (located at the bottom of the pulling controls 



box) by this number.  Igor can do this for you if you type in the 



dialogue box <print XXX/YYY><enter>, where XXX is the 



current IOLS value and YYY is the second number from the W_coef 


line.  The result of this calculation should be within the range of 60-



150nm/V.  If it is not, there is most likely something wrong with the 



tip.  Enter the result into the IOLS window in the pulling controls 



menu.  Igor will save this new entry until it is changed by another 



user or yourself.



9.  Calibrate the spring constant of the tip:  Ensure the tip is not too 



close to the surface (i.e. no interaction forces are detected), as this 



will damp out the thermal spectrum, then switch the little black 



switch on the controller to “User Z”, and click on “Thermal PSD” 



in the pulling controls box.  Wait for it to complete the process, 



about 20 seconds.  Then go to the “Graph” menu and select 




“Autoscale Axes”  then double click on each axis and select “Log” 



and then “Do It” in the box that pops up for each.  Now enter the 



theoretical resonance frequency into the Resonant Frequency 



window in the left hand column of the Thermal Panel box, and click 



“Fit Me”.  (Note that the theoretical 
values for the 





Thermomicroscopes tips are printed on a sheet on the MFP 




corkboard on the wall of the lab.  Be sure you are reading the 
correct 



value for the tip and conditions - air or water - you are using.  Also 



note that the values on this sheet are in KHz, while the Thermal 



Panel box is using Hz.) The red line in the thermal spectrum should 



fit itself to the true primary resonance frequency of the tip, and the 



true spring constant will appear both in the Thermal PSD box and in 



the Pulling Controls box.  The more times you repeat this process of 



entering the theoretical
resonance frequency and clicking “Fit me”, 



the better the fit will be and soon you will converge onto the most 



accurate value for the spring constant.  The spring constant should 



not be more than ±½ of the theoretical value.  If it is, most likely 



there is something wrong with the tip.  Print out the thermal 



spectrum and make note of the spring constant, resonance 



frequency, Inverse Optical Lever Sensitivity (IOLS), and the 



Sum.  Save the Calibration file and close Igor.

B. If you are working in air:  Skip steps 1 and 4 from the above instructions for 


working in fluids, and for step 2 you of course will not wet the mica.  All 


other instructions are the same.

IV.  Running an Experiment


1.  Create a backup folder for your experiment if you have not already done so.

2.  Open a new MFP experiment by double clicking on one of the packaged box 



icons on the computer screen.  Go to MFP Controls and open up 



Pulling Controls, Sum and Deflection Meter, and Start Hampster.  You do 

not need to open up the Video this time, since the laser is already focused on 

the tip.

3.  In the Pulling Controls box, click on “Save to Memory” and “Save to Disk”.  
For the latter browse to select the relevant backup folder you created in step
3.


4.  Most samples may be fixed onto a glass slide with tape or vacuum grease.


5.  Wet sample if necessary with the appropriate fluid.


6.  Lift up the front foot of the MFP head, replace the mica slide with your sample, 


and gently lower the front foot again, careful to not crash the tip.  Be warned 

that most samples are thicker than mica and the front foot will thus usually 


have to be raised considerably for this step!


7.  Bring the tip down close the surface as in step III.A.5.


8.  Adjust parameters such as Pulling Distance, Scan Rate, and Points per Second.  


For single molecule measurements, I typically use a Pulling Distance of 


1.0µm, a Scan Rate of 1.0µm/s, and Points per Second data collection of 


5000.  Your own parameters may vary.


9.  Go to the MFP Display menu and select the “Graph Options” menu and select 


“Force” for the Y-axis and “Z-Position” for the x-axis. Select Realtime 


Graph.


10.  Switch the little black switch on the contoller back to “MFP Z”.

11.  Engage the surface and begin taking for curves!  You may review the curves you 


have taken at any time with the “Make Review Graph” option under the 


“Graph Options menu.

V.  At the end of the experiment


1.  Save your experiment!  Close Igor.


2.  Remove and properly store your sample.


3.  Remove and properly store your chip, as the tips are often needed for subsequent 


characterization and analysis.

4.  Clean the tip holder with the appropriate solvent.


5.  Turn off the controller and disable the vibration table.


6.  Clean the workspace so that it is as clean or better than it was when you arrived.


7.  Be sure to sign the logbook and note any difficulties!
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