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Atomic Force Microscopy (Bruker MultiMode Nanoscope IIIA)
This operating procedure intends to provide guidance for general measurements with
the AFM. For more advanced measurements or measurements with accessories,
please contact NCC staff members or refer to the Nanoscope Multimode SPM/AFM
manual.

General Information
The atomic force microscope (AFM) is a class of scanning probe microscopes, which provides
information on the surface properties at the nanometer scale. AFM measures the force between
a sharp tip and the surface of the sample. This sharp scanning probe, which is mounted over a
flexible cantilever, moves along the sample at short distances in the range of 0.2 to 10 nm.
When the sharp tip and the surface are sufficiently close, an interaction due to intermolecular
forces occur. This interaction force deflects the cantilever and laser/detector system measures
the corresponding deflection. The force is solely dependent on the cantilever constant and the
distance between the sample and scanning probe tip. As illustrated in Figure 1, the bending of
the probe and verticalChapter
– horizontal
of the cantilever is monitored during the surface
2 – Section 6 - deflection
Microscopy
analysis and then detected by a laser that is reflected from the back of the scanning probe to
obtain the topography of the sample surface.
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The interaction of the sample and scanning probe is determined by Van der Waals interactions.
When the tip is close enough to the surface, repulsive Van der Waals forces occur, whereas
attractive forces dominate when far away. AFM can be operated at two different modes for
imaging:
1. Contact mode: the tip is in soft direct contact with the surface. As the sample is scanned
the contact force bends the cantilever responding to the changes in topography of the
sample. These deflections can be used to form topographic visualization of the sample
surface by two different modes. In the constant force mode, the force between the
scanning tip and the surface thus the deflections of the cantilever is kept constant using
a feedback loop. The feedback loop collects the deflection of the cantilever as an input
and moves the scanner in z-direction to keep the deflection constant. For the generation
of the image, the z-value of the scanner is collected. On the other hand, the z-value of
the cantilever is kept constant in constant-height mode. This mode provides fast
scanning but relatively high interactions between the tip and the surface, which may
damage soft samples.
2. Tapping mode: the cantilever freely oscillates and taps the surface. When the oscillating
cantilever reaches and contacts the surface, the energy loss due to the interaction
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between the tip and the sample surface causes reduction of oscillation. The decrease in
the amplitude of the oscillation is then used to interpret the surface features of the
sample. This mode provides high resolution for soft samples especially biological
specimens but needs more scanning time.
Contact Mode

Tapping Mode

Advantage
-High Scan Speeds
-Samples with extreme changes in
vertical topography can be more
accurately scanned

-Lateral forces almost eliminated
due to tapping
-Higher lateral resolution on most
samples
-Less applied force so less damage
to soft samples or tips

Disadvantage
-Lateral forces may distort features in the
image.
-In ambient conditions may get strong
capillary forces due to adsorbed fluid layer
-Combination of lateral and normal forces
reduces resolution.
-The tip may damage the sample and the
sample may damage the tip
- Slower scan speed than in contact mode

Atomic Force Microscope Components
Cantilever and Tip
The cantilever with a sharp tip (probe) at its end is used to scan the specimen surface. AFM tips
are mainly silicon, Si or silicon nitride, Si3N4. Depending on the application, these tips may be
coated with Gold or Chromium.
For contact mode of operation, the cantilever should be soft enough to be deflected by very
small forces (i.e. small force constant) and has a high resonant frequency to not be susceptible
to vibrational instabilities. For tapping mode operation, the tip and cantilever are an integrated
assembly of single crystal silicon, these probes are stiffer than silicon nitride probes, resulting in
higher force constants and resonant frequencies.
Piezoelectric Tube Scanner
AFM scanners are made from piezoelectric material, which expands and contracts
proportionally to an applied voltage (within -100V - +100V).

Figure 2. Piezoelectric material working principle
The scanner is constructed by combining three independently operated piezo electrodes for X,
Y, and Z into a single tube. In MultiMode AFM, the scanner tube moves the sample relative to
the stationary tip.
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Laser and Photodetector
Laser light from a solid-state diode is reflected off the back of the cantilever. It is then reflected
off the tip onto an adjustable mirror and is finally collected by a position sensitive quadrant
photodetector consisting four quadrants. By measuring where the laser is on the photodetector,
the deflection of the cantilever can be detected.
Photodetector

(a)

(b)

Laser Source
Tip
Cantilever

VERT 0.00
HORZ 9.68

VERT 9.68
HORZ 0.00

VERT 0.00
HORZ 0.00

Line scan
Specimen

Figure 3. (a) Position sensitive quadrant photodetector (b) illustration of optical path of
laser

System Preparation
1. Toggle the mode switch to “STM” on the AFM base. Turn on the controller from the
power switch located at the back of the controller box. The display in front of the AFM
base shows “STM”. (Figure 4)
(a)

(b)

Figure 4. (a) AFM base, the toggle switch on the left is at “STM” (b) Controller box
power switch is located at the back.
2. Turn on the TV monitor and video camera light source. (Figure 5)
(a)

(b)

Figure 5. (a) Video camera light source and (b) TV monitor
3. Log on to the computer with your RCS ID and password.
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Sample Preparation
1. Always wear nitrile gloves and handle the samples with tweezers when working on
the AFM.
2. Attach the sample to a steel puck with a double sided tape or instant adhesive
(Figure 6). Steel pucks, double sided tapes and instant adhesive are available in the
center table. The available steel pucks are 12 mm in diameter; adjust the point of
interest to be in the center of the puck.

Figure 6. Steel pucks, double sided tape and instant adhesive.
3. Mount the steel puck on top of the scanner head.
4. Slightly adjust the sample position (if necessary) to have the area of interest at the
center of the scanner head.
5. Check the height of the specimen to ensure that AFM probe will not hit it when you
insert the probe holder. If the specimen surface is above the top of the two ball mounts
(Figure 7a), raise the holder the Up/Down toggle switch (use Up or Away) located on
the AFM base (Figure 7b). Once the sample surface is below the ball mount plane, the
probe can now be safely installed (Figure 7c).

(a)

(b)

(c)

Figure 7. Specimen height adjustments (a) Specimen surface is above the ball
mounts, (b) lower the scanner by moving the tip UP direction, (c) specimen
surface is below the two ball mounts.
6. Focus the camera on the sample surface by adjusting the camera height with the
adjustment knob behind the video camera (Figure 8) and simultaneously check the
surface from the TV monitor.
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Specimen
Figure 8. Microscope focus adjustment knob

Probe Preparation
1. Lay the probe holder on the workbench upside down with the groove and spring
facing up. Apply a downward force to the holder with two fingers to check if the spring
clip opens up (Figure 9a).
2. Select an AFM chip from the tip box. The tips are slightly attached to the gel pads.
Hold the AFM chips from sides with tweezers to lift them (Figure 9b).
3. With the spring clips open, carefully insert the AFM chip into the groove. Release the
holder to allow the spring clip hold the AFM chip. (Figure 9c) (Note: The tip of the AFM
cantilever is facing upward)
4. Slightly release the spring clip and push the AFM chip from sides with tweezers to
align the edge of the tip with one side of the groove. This ensures that the AFM
cantilever probe is oriented in the correct direction. Note: Always touch the AFM chip
from sides, otherwise the probe might get damaged.

(a)

(b)

(c)

X
X
Figure 9. Adjustment of AFM chip on probe holder (a) open the spring clips by
pressing from two sides (labeled with X) (b) lift the AFM chip by holding from the
sides (c) carefully slide the AFM chip in the groove and align the chip in the
groove.

Mounting the Probe Holder
1. Flip the probe holder (Note: the cantilever tip is now facing downwards) and insert the
probe holder into the AFM head from top at an angle. Push gently forward, then lower
the probe holder (Figure 10a)

Nanoscale Characterization Core, Center for Materials, Devices and Integrated Systems, Rensselaer Polytechnic Institute,
rended3@rpi.edu

5

Standard Operating Procedure

Revision: November.2016

2. Slightly push the probe holder to check if it is in the right position. The probe holder
rests on the three precision ball mounts inside the AFM head. (Figure 10b)
3. Secure the probe holder with the clamping screw (the large screw in the back of the
AFM head, Figure 10c) until finger tight.
(a)

(b)

(c)

Figure 10. (a) Mounting the probe holder (b) adjustment of the level of the probe
holder (c) rear clamping screw to secure probe holder

Laser Alignment
1. Carefully lower the probe with the “Up/Down” switch (use Down or Closer) on the
AFM base while monitoring the separation between the AFM probe and the sample
surface. Stop when there is around 2 mm gap between the probe and the sample
surface.
2. Focus the camera on the sample surface by adjusting the camera height with the
adjustment knob behind the video camera.
3. Locate an area of interest on your sample surface by moving the sample around
under the video camera using the two positioning micrometers under the AFM base
(Figure 11a).
4. Adjust the camera focus knobs to locate the AFM cantilevers. Position the probe
above the area of interest on the sample with the Head X-axis and Head Y-axis stage
adjust micrometers (Figure 11b) at the bottom of the AFM head.
5. Find the laser spot on the sample surface (you may need to turn off the light source).
Move the laser spot near the AFM probe using the Laser X-axis and Y-axis adjust knobs
(Figure 11c) on top of the AFM head.
(a)

(b)

(c)

Figure 11. (a) AFM base adjustment micrometers (b) head micrometers to position
the area of interest (c) positioning laser with laser micrometers
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6. Monitor the SUM reading on the AFM base display (Figure 13b). It should gradually
increase as the laser spot comes closer to the AFM probe.

Figure 12. The SUM reading on the AFM display confirming the laser is on the
AFM tip
7. Once a SUM signal on the display is read, finely adjust the position of the laser by
inserting the piece of paper in front of the mirror (Figure 13). Slowly adjust the laser spot
position with the Laser X/Y-axis adjust knobs to achieve a maximum SUM reading
(typically > 4.0 for coated AFM probes).
paper

Laser spot

✔ correct

Figure 13. Paper method to finely adjust the position of laser.

Photodiode Alignment
1. Check the Vertical Deflection (VERT) and Horizontal Deflection (HORZ) signal
readings on the AFM base display (Figure 14a).
2. Adjust the two Photodiode adjust knobs (Figure 14b) to reduce both the Vertical
Deflection and Horizontal Deflection signal readings to within ± 0.10.
3. Check the SUM reading on the AFM base (Figure 14c). The SUM reading is not very
sensitive to the photodiode adjustment and should only change slightly (less than 1.0
difference) during the photodiode adjustment.
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(b)

(c)

Figure 14. (a) Initial VERT and HORZ deflection signals (b) adjust the photodiode
knobs to center the laser (c) the VERT and HORZ signal reading should be close
to 0.

Contact Mode Operation
1. Set the Vertical Deflection reading on the AFM base to a value between -3.0 and -2.0
if you use silicon nitride cantilevers or -0.5 and -1.0 for silicon cantilevers.
2. Click on the microscope
icon on the software to initialize the system. On the
Nanoscope software, change the profile to Contact Mode. (Microscope > Profile >
!Contact AFM
3. Set scanning parameters
Scan Size:

The scan size varies with the scanner used. The J scanner currently
mounted on the AFM has a maximum scan size of 125 um x 125um.
The E scanner (suitable for fluid cell) has a maximum scan size of
10 um x 10 um.
XY Offset:
Set to 0
Scan Angle:
Set to 0 degree
Scan Rate:
Typically 0.5-1.0 Hz (use lower scan rate to achieve better
resolution). The scan rate must be decreased as the Scan Size is
increased.
Samples/Line: Set to 256 for parameter adjustment and 512 when recording
images.
4. Set controller parameters
Integral Gain:
Proportional
Gain:
Setpoint:

Set to 0.8. Adjust the value if necessary.
Set to 1.6. Adjust the value if necessary
Set the Setpoint value to 0 Volt. The difference between the Vertical
Deflection signal before engage and the Setpoint is related to the
force. A larger, more positive Setpoint voltage results in a larger
contact force. You can adjust the voltage later during the
measurement.

Nanoscale Characterization Core, Center for Materials, Devices and Integrated Systems, Rensselaer Polytechnic Institute,
rended3@rpi.edu

8

Standard Operating Procedure

Revision: November.2016

5. Engage the probe by clicking on the “Engage”
button on the Nanoscope program
menu to start the engaging process. A pre-engage check, followed by Z-stage motor
sound should be observed. If the AFM probe is too far away from the sample surface,
the engage failure will occur. Under such circumstance, slightly raise the sample and
restart the engage process. The tip will start scanning when it engages with the sample.
6. Click on the “scope trace”
button to check if the AFM probe is tracking the
surface. Adjust setpoint, integral and proportional gain and scan rate parameters while
the tip is scanning until the trace and retrace lines overlap for better engagement.
According to the height of the features on the surface, set the data scale accordingly on
the height channel.
7. Once a good tracking is maintained, click on the “imaging”
to image.

button to switch back

Tapping Mode Operation
1. Tune the cantilever. Toggle the mode switch (Figure 4a) on the AFM base to “TM
AFM” mode. Note that the top line display on the AFM base changes to “RMS” and
“VERT”.
2. Check the Vertical Deflection signal (VERT) reading on the AFM base. Adjust the
Photodiode vertical adjust knob (on top of the AFM head, Figure 14b) to set the VERT
reading between ± 0.10.
3. Click on the “Cantilever Tune” button to activate the “Auto Tune Controls” window.
4. Input the Start Frequency, End Frequency values of the AFM probe, this information
is provided by the AFM probe manufacturer.
Start Frequency
End Frequency
Target amplitude
Peak Offset

200 kHz (check the AFM probe specifications)
400 kHz (check the AFM probe specifications)
Set the target amplitude to 2 Volt, this value is proportional to the
vibration amplitude of the cantilever tip before being contact with
the sample surface (free vibration).
Set the peak offset to 10%, this value offsets the drive frequency
above or below the resonance frequency of the cantilever to
avoid cantilever damage.

5. Click on the Auto Tune button. When auto tune is completed, a frequency response
curve will show up on the screen (Figure 15). Click on the “Back to Image Mode” button
to return to the main window.
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Figure 15. Auto-tune results with driving frequency 10% off the resonance peak
6. Set scanning parameters
Scan Size:

The scan size varies with the scanner used. The J scanner currently
mounted on the AFM has a maximum scan size of 125 um x 125um.
The E scanner (suitable for fluid cell) has a maximum scan size of
10 um x 10 um.
XY Offset:
Set to 0
Scan Angle:
Set to 0 degree
Scan Rate:
Typically 0.5-1.0 Hz (use lower scan rate to achieve better
resolution). Lower the scan rate to get better results at larger scan
size.
Samples/Line: Set to 256 for parameter adjustment and 512 when recording
images.
7. Set controller parameters
Integral Gain:
Proportional
Gain:
Amplitude
Setpoint:

Set to 0.5. Adjust the value if necessary.
Set to 0.8. Adjust the value if necessary
This value will be transferred from Cantilever Auto Tune window.
Decreasing the Amplitude Setpoint increases the tip-sample force.

8. Set the information type that will be collected through channels. Typically, Channel 1
is designed to “height” image, the data scale should be adjusted according to the tallest
feature on the surface. (Note: J-scanner has a height limit of 4.33 um). Channel 2 is
designated to “phase” image, which is based on the shifts on the phase profile.
9. Engage the probe by clicking on the “Engage”
button on the Nanoscope program
menu to start the engaging process. A pre-engage check, followed by Z-stage motor
sound should be observed. The tip will start scanning when it engages with the sample.
(Note: In case the AFM image is blank, check the scan size, and gradually decrease the
amplitude setpoint with 0.1-0.2 V increments.
10. Click on the “scope trace”
button to check if the AFM probe is tracking the
surface. Adjust amplitude setpoint, integral and proportional gain and scan rate
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parameters while the tip is scanning until the trace and retrace lines overlap for better
engagement. According to the height of the features on the surface, set the data scale
accordingly on the height channel.
11. Once a good tracking is maintained, click on the “imaging”
to image.

button to switch back

Capturing an Image
1. When a good tracking is obtained, give a name to the images from Capture >
Capture Filename menu. (Note: Do not leave space when giving a filename)
2. Restart the scan by clicking the top>down or bottom>up buttons,

.

3. Click on the “Capture” camera icon to record an image. Once the capture action is
initiated, the Capture:On message will be observed at the bottom of the window. Until it
turns into Capture:Done, do not interrupt the image scan.

Image Analysis
1. Once all the images are captured, switch to images folder by clicking on the images
icon. You will be directed to d:\capture folder where all the images are listed.
2. Double click on the image. If multiple data type is recorded (i.e. height and phase),
select the height image from the menu items, Select > Select Left Image. This action will
leave the height image on the screen.
3. To perform background subtraction and eliminate minor skips on the image, go to
Modify > Flatten option and click on execute button.
4. The shortcut icons in the analysis window are:
2D
3D
Roughness

Cross-section

Adjust the color and height scale.
Adjust the viewing and lighting angles, data type and the height
scale if necessary.
It can be measured for the entire image or a selected area within the
image. The Root Mean Square Roughness RMS (Rq) is the
standard deviation of the Z value. The Mean Roughness (Ra) is the
average of deviations from the center plane.
Draw a cross-sectional line on the topography across the area of
interest with left mouse click. Release the line with right mouse click.
The vertical profile along that line is displayed. Use red triangular
markers to measure the horizontal or vertical distances between two
points.

5. Once an analysis is completed, you may export your files as .TIFF and .PNG files.
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Sample Exchange and Shut Down
1. Disengage from the surface by clicking the “disengage” button. This action will lift the
probe to a safe distance (~20um) above the surface.
2. Further separate the probe and the surface and raise the holder the Up/Down toggle
switch (use Up or Away) located on the AFM base (Figure 7b) until there is at least 2
mm separation is maintained.
3. Toggle the mode switch to “STM” on the AFM base. (Figure 4a)
4. Untighten the clamping screw (Figure 10c) to release the AFM probe holder. Take out
the probe holder and remove the AFM chip. Store the holder in the storage box on the
sample preparation bench.
5. Remove the sample from the scanner. Take off the sample and dispose the steel
puck.
6. If you are willing to make another scan, place the new sample on the scanner and
restart the procedure. Otherwise, turn off the controller from the power switch located at
the back of the controller box.(Figure 4)
7. Turn off the video camera light source and TV monitor (Figure 5)
8. Transfer your files.
9. Log off the computer (user tracker system) and record your use to the logbook.
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