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 Atomic Force Microscopy 

 

In this experiment you will use atomic force microscopy to acquire images of three samples; A 

calibration sample, a diffraction grating (shown on 

right), and a compact disk. Subsequently, you will 

analyze these images to ascertain the spacing and depth 

of their surface structures.  You will also obtain force 

vs. distance curves on the calibration sample in order to 

understand the dynamics of the atomic forces involved 

in the experiment.  

 

THEORY       
 

Scanning-probe microscopy (SPM) is a generic term 

for any technique that produces a topographical image 

of a sample by repeatedly running a probe across its 

surface, line by line, until the entire sample has been 

analyzed.  Atomic-force microscopy (AFM), a subset 

of SPM, works by measuring the interatomic forces between the probe and the closest point on 

the sample.  Since these forces are a function of the distance, measuring them above each point 

on the sample tells us about the topography. 

 

As discussed in class, AFM measures the van der Wall-type attractive forces and the Pauli-

repulsive interactions between the surface and a tip mounted to a cantilever spring.  The 

cantilever is fixed in place, with the probe gently in contact with the sample surface.  As the 

sample rasters back and forth, the probe encounters features on the surface.  A ridge will push up 

on the tip and produce a greater degree of deflection in the cantilever, while a valley will allow 

the cantilever to unbend somewhat.   

 

The amount of bend in the cantilever is measured by a “beam-bounce” technique, where a laser 

beam from a fixed source is reflected off the back of the cantilever into a position-sensing 

photodetector (PSPD).  A greater degree of bend places the beam higher on the PSPD, and vice 

versa.  The PSPD produces a voltage proportional to the difference between the light entering the 

top and bottom of the detector.  From this quantity (A - B) is subtracted the “set point,” or the 

signal corresponding to a certain user-selected amount of cantilever deflection.  The resulting 

quantity is called the “error signal.”  The error signal is multiplied by a certain gain factor, and 

the resulting voltage is applied to the piezoelectric scanner that holds the sample against the tip.  

An error signal corresponding to a degree of cantilever deflection greater than the set point 

causes the scanner to retract, pulling the sample away from the tip until the error signal drops to 

zero and the cantilever deflection is restored to the set point.  Similarly, the scanner protracts 

when the deflection is less than the set point.  In this way, the tip is kept a constant distance from 

the sample at all times during the scan. 
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EXPERIMENT 
 

(a) Laser Alignment 

 

The laser beam must be aligned before we can get a good image.  From the source on the 

right side of the head, the beam is reflected off a “cantilever alignment” mirror, again off the 

cantilever itself, once more from the “detector alignment” mirror, and into the photodetector.  

Your first task is to adjust the cantilever alignment mirror so as to bring the beam to bear on the 

cantilever.  Open the software, turn on the optics, and switch on the monitor.  Make sure the 

optical zoom is all the way out.  Move the sample stage so that you can see the laser reflecting 

from the ceramic probe carrier, and play with the cantilever alignment knobs to get an idea for 

what the directions actually mean (not really up/down or left/right, and not even orthogonal to 

one another!)  Now, move the sample stage and focus down so that you can see the cantilevers 

themselves.  Come back to the laser dot and use the cantilever alignment knobs to bring the dot 

to bear on the tip of the cantilever.  This is tricky; as you change levels it can be hard to predict 

where the dot will show up.  As you get the beam onto the cantilever itself, it will be helpful to 

know that the up/down knob moves the beam parallel to the cantilever’s left arm. 

 

When the laser appears centered on the end of the cantilever, the green light on the head 

should go bright. [If not, it’s because the detector is badly misaligned; this should not be the case 

in a lab environment.  If so, simply readjust the detector before proceeding].  Optimize the 

positioning by opening a digital voltmeter for the total photodetector signal 

(Tools/DVM/CH/A+B) and adjusting the knobs until the reading is maximized. Make sure to 

note down the value. 

 

Next we need to center the beam in the photodetector.  An LED readout on the left side 

of the head tells us where the beam is in relation to the center - the top red light means the beam 

is too high and we need to move the knob in the down direction, et cetera.  The two directions 

are correlated; centering up/down will probably throw the beam off in the left/right direction, and 

vice versa.  Center in one direction, then the other, and repeat until all the red lights are off. 

Optimize the positioning by opening a digital voltmeter for the difference in photodetector signal 

(Tools/DVM/CH/A-B) and adjusting the knobs until the reading is minimized. Make sure to note 

down the value. 

 

(b) Approach 

 

Everything is now aligned and we’re ready to approach.  Use the Z motor control to move the 

probe optically close to the sample.  Be careful, there’s nothing preventing you from crashing the 

probe!  Next, focus the optics on the surface of the sample, and then slightly above.  Move the 

probe down slowly until the cantilever comes into focus.  Now, hit the “Approach” button. Since 

there is already a default set point on the force, the approach is terminated when the sample and 

the tip experiences this particular force value.  Once can adjust this value in order to increase or 

decrease the distance between the tip and the sample.  
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(c) Imaging 

 

You’re ready to image.  First, open the Retrace input (Setup/InputConfig/Topography/left 

arrow) so we can see the data from both scan directions; the correspondence between the trace 

and retrace is a good indication of the scan quality.  Set the rate to 1.5Hz, and adjust the set point 

and gain so that the trace and retrace share the same features and slopes (a bit of offset is okay; a 

“mirror-image” effect definitely is not!) and are free from noise. Also, adjust the slope of the 

scanner in order to offset any tilt that the sample surface may have. 

 

A low gain blurs rapid changes in topography and might not show deep valleys and high 

ridges, but too high of a gain will drive the feedback loop into oscillations and produce a high-

frequency noise.  Raise the gain until you start seeing noise, and then back off a little to produce 

the best image. 

 

Once the slope, scan size, scan rate, gain and set point are adjusted, obtain an image noting 

down all of these parameters. The image is automatically saved; write down the name of the file 

for future reference.  

 

(d) Spectroscopy 

 

In order to understand the dynamics related to the tip sample interaction, we will use a 

special feature of the AFM, where the tip is placed at a particular location of the sample and the 

force between the tip and the sample is mapped out as a function of distance. In order to perform 

this measurement, first one has to calibrate the force on the cantilever by involving its spring 

constant. Since this procedure is a bit lengthy, we will perform this task before you get to the lab. 

You have to note down the spring constant of the cantilever and make some calculations of the 

magnitude of its force by knowing the displacement.  

The image you will obtain will look like the following. Be sure to explain all of the features 

in your notebook. Remember, you have to do this particular measurement for only the calibration 

sample. 
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(e)  Analyzing Images 

 

Once you have the THREE images of the calibration sample, diffraction grating and the CD, 

now you have to use ProScan Image Processing software to analyze each of them. We will show 

you how to analyze the topographical features of a sample through line analysis.  The objective 

of the analysis is to obtain the feature distances (height, depth, period etc.) of your sample. One 

has to perform several line analysis and then average the results. 

 

 

 

CHECKLIST 
 

 Clear diagram of AFM, including cantilever, sample, piezoelectric scanner, laser 

deflection sensor, vibrational isolation, optical microscope etc. 

 Brief description of the procedures involve in imaging and analysis  

 In the theory section, explain the forces involved in the experiment and briefly explain 

the physics of the defection sensor and the piezoelectric scanner. 

 Screen print of trace and retrace, and scan parameters for each sample 

 Screen print of the force vs. distance curve for the Calibration sample 

 Three (color) images of the samples. If possible, an additional 3D image for one of them. 

 Screen print of the line analysis for each of the samples 

 Origin tables for each of the feature analysis including their statistical analysis 

 Detailed discussion of errors and other issues 

  

 


