The Veeco Atomic Force Microscope gives morphology and surface measurement data with sub-nanometer vertical resolution and nanometer-scale lateral resolution.  
Getting Started 

If they are not already on, switch on the AFM scanner controller (top electronic unit on AFM table) and the stage controller (bottom unit).

Locate the probe holder, the black mounting block for loading probes, and the surface-mount device tweezers (very small 90-degree bend at tweezer tip).

Loading the Probe 

Mount the probe holder on the sample loading block position with the small pedestal.  The probe holder will only fit one way on the pins:  If it does not go on easily DO NOT force it.  Use the N2 gun to blow out any dirt or chips on the holder.

Load the probe that you have selected into the T-shaped channel in the probe holder.  The tip should be facing upward.  The probe should be moved all the way back and to one side (left or right) until it makes contact with the edges of the holder.

Use the spring clamp to secure the probe.

The probe holder sits probe-facing-downward on the 4 pins of the AFM scanner head.   The probe holder will only fit one way on the pins:  If it does not go on easily DO NOT force it.
Hold the AFM scanner securely when loading the probe holder, but make sure not to touch the optics on the underside.

After the probe is attached to the AFM scanner head, the scanner should be placed back in its mount on the Z motor stage.  Hold the head firmly and gently slide the dovetail on the back into the slot on the z-motor stage.  The scanner should slide easily all the way to the bottom of the holder – DO NOT FORCE IT – and make a metal-to-metal “clack” sound when it is in place.  Loosen the reverse-acting screw clamp to clamp the head in place.

Aligning the system
Open the AFM software (Nanoscope icon on desktop). [image: image6.jpg]5 Real Time1 : Navigate





Once the program is open, click the nanoscope icon on the top left or go to Realtime/Start Realtime to initiate communication with the AFM head.

You should hear a couple of clicks from the system and you might see a popup window(s) asking one or both of the following questions:
A) Use original default parameter settings/ Use parameter settings of previous user

You can use either option.  If you choose to use the default settings, then another dialog window “Add Realtime views” will pop up.  You should check the boxes to add the following

Single Scan, Scan Parameter list, Meter, and Navigate
B) Do you want to initialize the stage? 
Answer yes to this question then click OK for the 4 subsequent windows that pop up.  

Once you have completed these steps, the LED on the scanner head should be lit indicating that the laser diode is emitting.  You should also see the laser spot on the stage.

There are 4 main steps to aligning the system for a scan:
[image: image1.emf]
1) Adjusting the laser to hit the cantilever
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Open Meter from the realtime view list on the left.

b. Using a piece of paper or TexWipe on the stage can help make the laser spot easier to see.  Adjusting the laser to hit the cantilever is necessary before the software will control the XY stage, so use the knobs on the stepper motors if you need to position the XY stage under the scanner.

c. Watch the spot on the stage/paper.  
i. Using the 2 laser adjust knobs on the top of the scanner, move the spot to the right or +X direction (knob in back) until it disappears.  
ii. Move it back until it just reappears completely.  
iii. Move the spot in Y (front knob) – might be positive or negative – until you see the spot dim slightly or flicker.  If you look carefully you will see a line across the spot that is the shadow of the cantilever.  The Meter window bar graph should begin to fill in green and the dot in the detector indicator will turn bright red.  
iv. Now, looking at the intensity bar graph on the Meter window, adjust X and Y for maximum intensity and position near the end of the cantilever.

2) Adjusting the reflected laser spot to the center of the photodiode

a. Look at the red spot in the oval view window on the AFM scanner head.

b. Using the two knobs on the side of the scanner head, move the spot to just below and to the right of the center of the window (no more than a few mm from the center).

c. Look at the detector indicator on the Meter window

d. Adjust the back/top knob to center the spot in the Y direction.

e. Use the front/bottom knob to center the spot in X.  This knob will move the spot in Y except for a small range near the center of the mirror.  Be patient and make sure that the laser spot stays near the middle of the view window.

f. Fine tune the position of the spot to the center of the crosshairs using both knobs.

3) Focusing on the cantilever

a. Open the Navigate window from the Realtime views

b. Use the X and Y controls in Navigate to move the sample under the tip (the laser spot is a rough guide to where the tip will make contact.
c. Use the Z-motor down arrow to move the tip within ~4 mm of the sample surface.  Use extreme caution when moving down in the Z direction.  There is a danger of crashing your tip into the sample and damaging the cantilever and/or small features on your sample.  Watch your probe and sample to make sure that you stop in time.
d. Click the Locate Tip button on the Navigate window.

i. Zoom all the way out by clicking the Zoom Out button or by stepping out to the minimum zoom with the zoom out arrow.

ii. Set the illumination slider to 100.

iii. Use the knobs on the camera to move the camera view until the cantilever is centered in the red cross-hairs.  

iv. Zoom in and follow the on-screen instructions (1) – (4) to center and focus the cantilever.  The crosshairs should not be at the very tip of the cantilever but a short distance back.
v. Click OK to set the tip position in the system and return to the Focus on Surface screen

4) Focusing on the sample surface

a. In the Focus on pull-down window, select “Surface” or “Tip reflection”.
i. For samples with a flat specular surface (polished wafers, glass slides, etc.) the “Tip reflection” option gives you the best opportunity to find an otherwise featureless surface.

ii. Focus on – “Surface” should be used if the sample is rough or non reflective (e.g., rough cut Si wafer, anodized metal) or when there are optically visible – micron scale – recognizable features on the surface.
b. Set  the Z motor speed to Slow

c. Watch the camera view in the Navigate window and move down using the Z-motor. 

i.  If you are using Focus on Tip reflection, you may see your sample surface as you focus down, but you should continue down until you see an in-focus image that looks identical to the cantilever from the Locate Tip step above.   When the tip reflection is in focus, you can change the Focus on option to “Surface” and you will see an in-focus view of the sample surface.

ii. If you are using Focus on – “Surface”, you must be careful to look for – and stop on – features on your sample when they are sharply in focus.
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Tuning the cantilever (tapping mode only)

Click on the tuning fork icon at the top of the main window (or go to RealTime/Cantilever Tune)
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In the window that opens check and – if necessary – change the following parameters:

Start Frequency (10 kHz or below)

End Frequency (500 – 1000 kHz)

Target amplitude (typically 1500 mV)

Offset (Typically 5%)

Channel 1 data type (Amplitude error)

Channel 1 data scale (2000 mV)
Channel 2 data type (Phase)

Channel 2 data scale (180 degrees)

Click the Auto Tune button.  You should see the system sweep the frequency range specified and quickly home in on the peak at the cantilever resonant frequency.

When the tune is complete, click Exit.  In the meter window, the RMS amplitude should now be the target amplitude minus the offset you entered.

Starting a scan
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Open the Scan Single window from the Realtime Views.
In the Tab entitled “Other” check that the Z-limit is appropriate to your sample roughness.  If you have any doubts or uncertainty, set it to the maximum value (5.355 microns)

In the Scan tab, make sure that the scan size is 2 – 10 times larger than the features or area that you ultimately want to scan.  

The scan rate should be changed to keep the tip velocity below 20 microns/s.

Click the engage button.  The system will focus on the tip position that you set earlier, then move to within ~ 100 microns of the surface and begin stepping towards it.  You will hear a soft beep when the surface is engaged and you will see the cantilever begin rastering across the surface in the Navigate window camera view.

In the Feedback tab check/alter the following:
1) Amplitude setpoint:   look to see whether the trace and retrace scans (the blue and red curves, respectively) overlap each other more or less exactly.

a. If so, then you should be able to increase the value of the amplitude setpoint (usually an increase of 200 – 300 mV) until the curves no longer overlap and the green column that indicates the Z-piezo position changes to yellow or red.  That change means that you have lifted off of the sample.  Reduce the Amplitude setpoint to about halfway between its start value and the value at which contact is lost.

b. If the curves do not overlap, but the Z-piezo indicator is green and the moving bar is roughly centered, then you have a false engage where the system is confused by near-surface forces into detecting surface contact when the cantilever is still above the surface.  You should reduce the amplitude setpoint until the trace and retrace curves overlap.

2) Integral Gain:

a. Increase this parameter – you can usually double it at each step – until you begin to see obvious noise in either the scope view or the image itself.  When you see noise step the parameter down by halving the difference between the current setting and the last noise-free value.  (e.g. Initial gain = 0.5 ↗ 1 ↗ 2 ↗ 4 ↗ 8(noise) ↘ 6(little noise) ↘ 5(no noise))
3) Proportional gain can typically be set to 2 – 3 times integral gain.  The system is relatively insensitive to the proportional gain in most cases.  Large changes of this parameter cause little-to-no noticeable change in the response.
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