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CCMR Dimension 3100 Scanning Probe Microscope Guide 
Updated February 26, 2014 

1 Introduction 
 

1.1 Facility Access and Requirements 

 CCMR Coral user account 

 AFM training by CCMR personnel 

 Cornell lab safety training through Environmental Health and Safety and Clark Hall Materials Facility 

Safety Orientation 

If you have not previously used the Clark Hall Materials Facility and/or received Cornell lab safety training, 

please obtain the online orientation from the facility staff for details on how to do so.   

After proof of training, you will be provided ID card access to D15.  Allowing unauthorized individuals to use 

the AFM is a serious offense and will result in the loss of user privileges.  Individuals who are not trained are 

always welcome to observe. 

 

1.2 Microscope Reservation 

 

Online scheduling is done through the CCMR Coral system.  For information on registering for a Coral account, 

please visit http://www.ccmr.cornell.edu/facilities/coral.html.  There is a computer in D15 with Coral installed 

which can be used for making and editing reservations. 

 

Up to 12 hours prior to your reservation time, you may sign up for a maximum of three hours of time in the 

period from 9 AM to 5 PM, Monday to Friday.  Once starting your initial reservation time, if needed, you may 

extend the three hour time limit if that time is available.  Outside those hours you may sign up for periods of 

any length. Users not showing up within 15 minutes of the reservation start time forfeit their reservation.  

Users not showing up for reserved time may be charged for any unused machine time.  Please voice any 

reservation concerns to the facility manager. 

 

1.3 Microscope Usage  

 

A usage sheet giving all the details of your usage must be filled out.  These will be available in the AFM room.  

Once completed, please put the sheet in the binder.  Any problems you might be having with the instrument 

should be reported here and also directly to the facility staff. These sheets will remain in the AFM room as a 

record of usage. 
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In addition to the paper usage log, users must enable and disable the equipment in Coral when starting and 

finishing.  The right computer monitor is interlocked to Coral enabling. 

 

While the instrument is in operation, it is expected that users will be absent from the room for no more than 

10 minutes. 

 

1.4 Computer, Online Access, Data Storage 

 

Do not download/install any software onto the AFM computer.  The Nanoscope program may be affected by 

other software.  A computer has been provided in D15 for online scheduling and internet access.  Users are 

allowed to store their images on the hard drive, but CCMR takes no responsibility for lost images.  The 

computer hard drive image is backed up on a weekly basis.  We recommend that you copy (not transfer) your 

images immediately to a USB flash drive or to CD-R. 

 

The following programs and electronic documents are available to users: 

 WSXM and Gwydion - Free programs which can perform analysis similar to or even better than the 

Nanoscope software  

 Full collection of DI manuals 

 CCMR Dimension 3100 Scanning Probe Microscope Guide (this document) 

 DI training videos 

 Bruker Nano offline analysis software 

These are all available on the AFM computer and/or the Windows 7 AFM analysis computer in D15.  Many are 

also available online; consult staff for details. 

 

1.5 If You Need Help 

 

If problems arise with the instrument or you have questions about operating the AFM, please try contacting 

the persons below in the following order: 

 Steve Kriske, sjk27@cornell.edu (255-2367), Clark D21 

 Facility Manager, Jon Shu, jbs24@cornell.edu (255-9833), Clark D21/633 

 Prof. Kit Umbach, umbach@ccmr.cornell.edu (255-7339), Thurston 114 
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1.6 Advanced Training 

 

 Users can request advanced training in several areas:  

 Magnetic or Electric force microscopy (MFM, EFM) 

 Conductive AFM (C-AFM) 

 Piezoresponse Force Microscopy (PFM) 

To qualify for this training, the users must have demonstrated proficiency in basic AFM use and must have a 

demonstrated need for these techniques.   The above techniques require specialized equipment, which will be 

provided to the user as his/her responsibility.  Most advanced techniques can be performed more easily and 

successfully using the Asylum MFP-3D system. 

 

1.7 Cantilevers 

 

Each user is responsible for providing their own cantilevers. CCMR can sell the cantilevers described in Section 

1.10 (contact facility staff). The facility manager may only have a small supply of cantilevers, so you should 

arrange for this service well in advance of your reservation. 

 

1.8 Cantilever Tunes 

 

Every user must execute two cantilever tunes on his/her cantilever regardless of whether they are using 

contact or tapping mode imaging. The tunes should be executed before the start of imaging and at the end of 

imaging.  The tune data must be saved in the UserLog/default folder to indicate that the laser was properly 

aligned. 

 

1.9 Scanning Head Handling 

 

In order to prevent unnecessary damage to the piezoelectrics and other delicate parts within the head, there 

are two drop indicators on the SPM head (5G and 10G).  The 5G indicator is resettable and it would be ideal if 

the head were handled without activation of this indicator.  However, the 5G indicator is very sensitive, and 

may be inadvertently tripped.  The 10G indicator should not be activated during normal use.  There is a 3-

strike policy in regards to this indicator: 

First occurrence: Warning, half-hour charge to replace indicator 

Second occurrence: Warning, one-hour charge to replace indicator 

Third occurrence: One-hour charge, removal from the facility until re-instated 
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1.10  Parts and Services 

 

CCMR will provide parts and services at the following rates (subject to change):  

 Olympus AC160TS cantilevers (recommended, very high quality): $20 

 Silicon nitride contact mode cantilevers: $25 

 Other cantilevers may be available for contact mode, MFM, EFM. Please check for availability. 

 Gel-packs for cantilever storage: $3 per gel-pack 

 Hourly use of Dimension 3100: $35/hour 

 User training: $85 

 CCMR staff labor: $85/hour 

 

2 Dimension 3100 Usage 
 

Below is the summary of the steps needed to use the Dimension 3100 for basic imaging.  The full manuals are 

available in D15 and as PDF files on the AFM computer.  Please refer to these manuals if possible or contact 

the facility manager. 

 

Execute the steps in the order indicated below, regardless of what the Veeco manual indicates.  Refer to the 

subsequent section for details if you are not familiar with the procedures.   

 

Never use the Load/Unload command, which can result in unintentional collisions between the X-Y stage and 

the scanner. Only move the sample chuck manually. Refer to the Errors page in the AFM room for solutions if 

you encounter any unknown error messages. 

1. The computer and hardware should remain on.  If the system is off: 

 Power up the Master and Slave power supplies enclosed in the cabinet below the monitors. Turn 

on the computer if necessary. 

 Press  Ctrl-Alt-Del on the computer keyboard to login. 

 Enter Nanoscope as the user name (leave the password blank), press Enter 

2. On the desktop, click on the Nanoscope5.31rx icon. 

 The most current version will have a shortcut on the desktop, however older versions will still be on 

the computer 

3. Click on the yellow microscope icon, if you see Microscope Select, click OK 

4. While program is initializing, prepare sample and place on chuck (Section 2.1) 

5. To load in default settings select Microscope, Profile. 

 Select tap2 (Tapping mode, Use this profile). 

 Click Load Master and OK to load default settings 

6. Mount the cantilever in the cantilever holder. (Section 2.2) 

7. Unlock SPM head in dovetail by turning screw clock-wise. 
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8. Remove SPM head and insert cantilever holder. (Section 2.3) Always hold on to the SPM head - do not 

put it down unless putting back in the dovetail!!! 

9. Carefully slide SPM head all the way into dovetail (the black line will be visible) and turn dovetail screw 

counter-clockwise several turns to lock the head. (Section 2.3) 

10. Plug in both SPM head cables. 

11. Align laser onto cantilever (Section 2.4).  It may help to have a piece of paper below the SPM head to 

see the laser spot.  Steps are typically as follows: 

 Sweep beam to the right to find the leading edge of the substrate 

 Sweep beam front/back to find cantilever 

 Move beam to the left to put spot on the end of the cantilever 

12. For tapping mode, center the spot on the detector using the two knobs on the left face of the SPM 

head (Section 2.5).  Contact mode - spot typically at -2V. 

13. Perform a cantilever tune (Section 2.6).  Save the tune data and record the filename. 

14. Turn on the optical scope illuminator. 

15. Setting tip-to-sample distance (1 mm) 

 Enter Focus Surface mode.  Move sample to be below head/cantilever so that light is seen in the 

Vision System window (Section 2.7).  Once the camera shows something in this window, click OK go 

on to the next step. 

 Enter Locate Tip mode.  Focus lens onto tip height (Section 2.8) and align lateral position, then click 

OK. 

 Return to Focus Surface mode.  The lens will adjust to 1 mm below tip height.  Focus on sample 

surface and locate region to image. (Section 2.9). Focus on sample edge first if there are no distinct 

surface features. There should now be 1 mm spacing between tip and sample surface.  Click OK. 

16. Set scan parameters (Section 2.10) 

17. Engage on sample (Section 2.11). On engaging, reduce the Amplitude Setpoint by approximately 3 

clicks (left arrow on keyboard) if necessary to overcome false engage. 

18. Adjust parameters for imaging (Section 3). 

19. Perform desired imaging and measurements. 

20. When finished: 

 Withdraw cantilever from sample surface 

 Perform final tune and save tune data 

 Withdraw the sample chuck to the forward position (Focus Surface or Navigate mode) 

 Unplug SPM cables, remove your cantilever from the SPM head, secure head back in scope 

 Turn off the optical illuminator 

 Close Nanoscope program 

 Leave the computer on 
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2.1 Sample Mounting 

 

Load a sample (Focus Surface or Navigate activates chuck motion) by placing on the chuck.  Large-area 

samples can be placed directly on the sample chuck.   For smaller samples, it is best to use double-stick tape 

(use SPI tabs, not commercial Scotch tape) to mount to a steel disk. The disk can be affixed to the magnetic 

sample holder (using the magnet, NOT any sort of adhesive) and the sample holder to the sample chuck. If you 

need to use glue to mount your samples to discs, you can remove your samples with acetone and reuse or 

return the steel disks. 

 

2.2 Cantilever Mounting 

 

Because users mount their own probes, it is likely that there will be no cantilever holder mounted on the 

scanner.  Use the cantilever holder stand to mount a probe in a cantilever holder.  Note that you can install 

the holder on the pins in only one direction, with the spring clip oriented towards the center of the stand.  Do 

not force or twist against the pins! 

 

When mounting the cantilever in the holder, slide the spring clip back by gently pushing down and then back.  

Place the cantilever on the holder so that it is flush against one side and laying flat.  Push down gently on the 

spring clip and push the clip forward over the cantilever.  Wiggling the clip slightly when on the cantilever may 

help to seat the cantilever better for tuning. 

 

2.3 Remove the SPM/Scanning Head 

 

Mounting a probe requires removing the scanning head.  Make sure the two cables connecting the head are 

disconnected—to disconnect, pull on the plastic connector, not the wire!  First, verify that the head is all the 

way down the dovetail slide by checking that the black line is aligned with the angled portion of the head.  If it 

is not, make sure you hold onto the scanning head when turning the knurled knob so that there is no chance 

of the scanner dropping and/or contacting the stage.  Never remove the cantilever holder from the end of the 

scanner without first removing the scanning head from the dovetail slide!  Then tighten the screw on the right 

side of the dovetail track while holding onto the SPM head.  Tightening releases the spring that holds the 

dovetail in place.  Make sure that there is no sample underneath the scanner while doing this.  Carefully slide 

the SPM head up the slide.  Never put the SPM head down on any surface - always keep it in your hands!  If 

there is a cantilever holder on the scanner, remove it.  Mount the cantilever holder with the new tip onto the 

end of the scanner head by gently mating the cantilever holder sockets with the SPM head pins.  The tip 

should point down away from the head.  Slide the SPM head back onto the dovetail, holding on to it until you 

verify that it will not contact the stage when it is all the way down and aligned with the black line.  Loosen the 

dovetail screw several turns to lock the SPM head in place. 

 

  



7 
 

2.4 Align Laser 

 

Plug in the scan head cables (these should be disconnected at the end of every session). It may be helpful to 

turn down the illuminator intensity before aligning the laser.  The previous user should have withdrawn the X-

Y stage in order to have sufficient room to view the shadow of the cantilever.  (If this is not the case, then you 

may manually move the stage using the knobs on the end of the X and Y rails.)  Put a piece of white paper 

underneath the scanner.  If the laser is not on the cantilever, it will appear as a bright red spot on the paper.  

When the laser is on the cantilever, you see the shadow of the cantilever.  The laser position is adjusted by 

turning the two screws (X- and Y-) on top of the scanner. 

 

In the image monitor, you will see a voltage reading indicating the laser sum signal.  Use the two knobs on top 

of the SPM head to maximize the sum signal.  This should be reading about 2 V for an uncoated cantilever and 

3—4 V for a backside-coated cantilever.  You can refer to the DI training videos on the computer desktop for 

alignment of tapping or contact mode cantilevers, but be aware that we do not recommend laser alignment 

while holding the scanning head. 

 

2.4.1 Tapping mode cantilevers 

A tapping mode cantilever is typically a single beam, like a diving board mounted at the edge of the chip.  For 

tapping mode tips, first position the spot in X so it is barely visible, just touching the leading edge of the 

cantilever chip (you can also see it reflecting to the left at this time).  Then move the spot in Y until it is over 

the cantilever.  Then move the spot left along X (turning counterclockwise) so that it is at the end of the 

cantilever--you will have to overshoot so that the spot appears on the paper and then turn the knob clockwise, 

stopping just when the spot disappears.  At this point the spot should also appear near the center of the head 

filter screen.  Maximize the sum signal only by moving the beam front/back, NOT left/right. 

 

 2.4.2 Contact mode cantilevers 

A typical contact mode cantilever is triangular in shape and has two legs connected to the chip.  Contact mode 

cantilevers are typically mounted in pairs at the end of the chip.  So when aligning the laser for contact mode 

tips you will need to pick out which of the pair you want to use.  It is easiest to do this by first positioning the 

laser at the edge of the chip so that the spot is barely visible.  Then turn the Y-knob to move the spot along the 

edge of the chip. The spot should disappear and reappear four times as you cross the four legs of the 

cantilevers.  Turn the knob back, counting the times the spot disappears until you are positioned between the 

legs of the cantilever you want to use.  Then turn the X- knob counter-clockwise to move the spot until it 

crosses the tip end and appears on the surface below.  Then turn the X- knob clockwise so that the spot just 

disappears.  At this point the spot should also appear near the center of the head filter screen. The shape on 

the screen will not be quite as elongated as the spot from the tapping mode cantilever.  Be careful that you 

have not accidentally put the spot on a cantilever leg. 
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2.5 Adjust Photodetector 

 

Adjust the photodetector knobs (two knobs on left face of SPM head) so that the red dot in the detector graph 

moves towards the center of the square, using the two screws on the side of the scanner.  The detector graph 

is only a small portion of the full detector range so the spot will be on the graph edge until the beam is very 

close to the detector center, and it is nonlinear, so you may get horizontal movement when moving the spot 

vertically. 

 TAPPING: Center the red dot and set the vertical deflection (Vert Defl) to a value close to 0.0 volts. 

 CONTACT: Horiz Defl should be about 0.0 volts, and Vert Defl should be about -2.0 volts. 

 

2.6 Cantilever Tuning 

 

A cantilever tune must be performed for both tapping and contact mode cantilevers before and after imaging.  

A successful tune indicates that you have aligned the laser properly.  By saving the tune data, you leave a 

record of this proper alignment.  Click on the tuning fork icon (or View, Sweep, Cantilever Tune in the menu).  

In the Auto Tune Controls, make sure the frequency range to scan is appropriate for the cantilever being used 

(typically 20-100 kHz for contact cantilevers and 100-500 kHz for tapping mode). Target Amplitude should 

typically be 2 volts. Click Auto Tune.  The frequency tuning should be active in the amplitude and damping 

graphs.  If the tune fails, then you may need to realign the laser.  Refer to the tuning plots in the AFM room to 

see if turning off the program and restarting is appropriate.  Note that the plot is from a tapping cantilever 

tune; the peak will be much wider for a contact cantilever, so you will not see the full width.  You may need to 

look down at the cantilever through the SPM head to see where the laser is hitting the cantilever.  If 

realignment and restarting the computer does not produce a successful auto-tune, then replace the 

cantilever.  A successful tune may change the value of Drive Amplitude in the Sweep Controls window.  If you 

successfully tune but the drive amplitude changes to a value larger than 1 V (1000 mV) then it is likely that you 

have a mis-aligned cantilever.  Re-align and try the tune again.  You must save your tune (Utility menu) in the 

Userlog folder using a file name that includes your initials, date, and start/stop (i.e. jaf13Aug03start).  When 

finished, exit the tune window by going back to image mode. 

 

2.7 Sample Loading 

 

Never use the Stage/Load New Sample or Unload command to move the stage.  This will avoid potential 

collisions between the sample and the scanner. When moving the sample chuck, always maintain visual 

contact of the SPM head so that the stage/sample does not run into it!  Click on the red Focus Surface icon (or 

Stage, Focus Surface in menu).  Use the trackball to move the chuck until it is below the SPM head and a 

reflection is seen in the video monitor.   
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2.8 Locate Tip 

 

Make sure your sample or chuck is below the cantilever.  Click the Locate Tip icon (or Stage, Locate Tip in the 

menu).  The optics will adjust and the cantilever will move for several seconds.  You may need to zoom out to 

find the tip initially.  Once you have found it, move the crosshair to the cantilever tip by using the two 

adjustment screws to the left of the optical objective on the microscope, then zoom back in.  Focus on the tip 

of the cantilever by rolling the trackball up/down while holding down the Focus button.  For those using 

contact mode cantilevers where multiple cantilevers are at the end of the chip, you may want to check that 

you are located on the correct cantilever.  You can do this by adjusting the laser spot towards the chip until 

you see the laser light reflected as it strikes the chip edge.  Then return the spot to its original position. Once 

the tip is located, click OK. 

 

2.9 Focus Surface or Navigate 

 

In VERSION 5, click the Focus Surface icon (or Stage, Focus Surface in menu).  The optics will move to a focus 

position 1 mm below the tip.  Focus on the sample surface by rolling the trackball up or down while pressing 

the Focus button.  This adjustment raises or lowers the entire assembly on which the SPM and optics are 

mounted.  Caution!!! When focusing, it is possible to crash the tip into the surface.  To prevent a crash, 

watch how close the tip is getting to the sample.  The sample should be in focus when the tip is approximately 

1 mm above the surface.  You should not let the tip get close to the surface when focusing.  If the surface is 

extremely smooth and clean, it may be difficult to focus on it.  In this case, it is best to focus on the edge of the 

sample and then move to the area of interest, or to click Tip Reflection in the Focus On drop-down menu and 

then focus on the reflection of the tip on the sample (note that this will focus a further 1 mm down).  If you 

use Tip Reflection mode, please switch back to Surface mode when you finish.  Move to the desired 

measurement point under the cross hairs with the trackball. 

 

2.10 Set Scan Parameters  

 

Set Initial Scan Parameters in the Scan Controls panel.  Default settings for tapping mode are: 

 Scan size 5 µm, Scan rate 1.0 Hz 

 Offsets 0, Samples/line 256 

 Integral Gain 0.3, Proportional Gain 0.6 

 

2.11 Engaging 

 

Click on the Engage icon (or Motor, Engage).  Once the tip engages, it begins scanning with the initial scan 

parameters.  It may improve image quality to reduce the Amplitude Setpoint by two clicks after engaging (see 

Section 3 below). 
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2.12 Shutdown 

 

After imaging, click the Withdraw icon (or Motor, Withdraw) to pull the scanner up.  If the samples are taller 

than 1 mm, click Withdraw several times. 

 

Move the X-Y stage out (Focus Surface or Navigate) so that it is no longer directly underneath the scanner.  

This will allow the next user to find the shadow of the cantilever more easily.  Perform a cantilever tune and 

save the data.  Disconnect the two cables from the scanner.  Slide the SPM head off the dovetail and remove 

the cantilever holder.  Replace the SPM head. Remove your cantilever. 

 

Exit the DI Nanoscope software and leave the computer on.  Clean up. Leave the area cleaner than how you 

found it. 

 

 

3 General Parameters for Real-time Operation 
 

When on a feature of interest, you may want to disable the slow-scan axis so that the tip traces over the same 

feature repeatedly.  Select View, Scope Mode (or click on the Scope Mode icon) and check to see if Trace and 

Retrace are tracking each other well (i.e. look similar).  If the tip is tracking the surface well, trace and retrace 

will overlap or be identical, but slightly offset. 

 

If the trace and retrace lines do not overlap, adjust the Scan Rate, Gain(s) and/or Setpoint to improve the 

tracking.  For scan sizes of 1—3 µm, try scanning at 2 Hz; for 5—10 µm, try 1 Hz; and for large scans, try 0.5 – 1 

Hz.  Next, try increasing the Integral Gain using the right arrow key.  As you increase the Integral Gain, increase 

the Proportional Gain as well (Proportional Gain can usually be 30-100% greater than Integral Gain).  The 

tracking should improve as the gains increase, although you will reach a value beyond which the noise will 

increase as the feedback loop starts to oscillate.  If this happens, reduce the gains until the noise goes away.  If 

the trace and retrace still do not track satisfactorily, the last thing to try is reducing the Setpoint.  Once the tip 

is tracking the surface, choose View, Image Mode (or click on the Image Mode icon) to view the image. 

 

Set Desired Scan Size, Scan Angle, and Offsets.  Once the scan parameters are optimized, scan size and other 

features may be adjusted for capturing images for analysis.  When changing the scan size value, keep in mind 

that the scan rate will need to be lowered for larger scan sizes. 
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3.1 Scan Rate 

 

The Scan Rate is the number of trace and retrace scan lines performed per second (Hz).  For example, with a 

scan rate set to 1 Hz, the tip will scan forward and back (trace and retrace) in 1 second.  Set this value so that 

the feedback loop has time to respond to changes in the sample topography.  Setting the scan rate too high 

will result in poor tracking of the surface. 

 The actual tip speed or of the tip depends on two parameters: Scan Rate and Scan Size.  Since the Scan 

Rate units are lines per second (Hz), increasing the Scan Size without changing the Scan Rate actually 

increases the tip velocity of the tip.  For example, if the Scan Rate is 1Hz and the Scan Size is 1 µm, the 

tip velocity is 2 µm /sec (since it performs the trace and retrace scans in 1 sec).  By increasing the Scan 

Size to 100 µm, the tip velocity increases to 200 µm m/sec if the Scan Rate remains 1Hz. 

 The Scan Rate setting may depend on the scan size and the height of the features being imaged. In 

general, the taller the features and/or the larger the scan size, the slower the scan rate. 

 Typical Scan Rate settings are 0.5 - 2.0 Hz for Tapping Mode and 1 – 4 Hz for Contact Mode. 

 

3.2 Integral Gain 

 

The Integral Gain controls the amount of the integrated error signal used in the feedback calculation. The 

higher this parameter, the more the Z piezo will react when a change in amplitude/deflection occurs.  Setting 

the integral gain too low may result in the tip not tracking the surface properly. However, if the integral gain is 

set too high, noise due to feedback oscillation will be introduced into the scan.  Set the Integral Gain as high as 

possible by increasing the gain until noise is seen, then reduce the gain just lower than the value where the 

noise disappears. 

 

3.3 Proportional Gain 

 

Proportional Gain is typically 30-100% greater than the Integral Gain.  There is typically not much effect on the 

image due to changing Proportional Gain. 

 

3.4 Amplitude Setpoint 

 

The Setpoint parameter tells the feedback loop what amplitude (Tapping Mode) or deflection (Contact Mode) 

to maintain during scanning.  Set this parameter so that the smallest amount of force is applied during 

scanning while still maintaining a stable engagement on the surface.  If the setpoint is too close to the free air 

amplitude (Tapping Mode) or free air deflection (Contact Mode) of the cantilever, the tip will not trace the 

topography properly. 
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3.4.1 Tapping Mode 

If trace and retrace lines overlap, then your tip is scanning on the sample surface.  You may want to try 

keeping a minimum force between the tip and sample by adjusting the Amplitude Setpoint and using the right 

arrow key to increase the Setpoint value gradually, until the tip lifts off the surface (at this point the Trace and 

Retrace will no longer track each other).  Then decrease the Setpoint with the left arrow key until the Trace 

and Retrace follow each other again.  Decrease the Setpoint one or two arrow clicks more to make sure that 

the tip will continue to track the surface.  Choose View, Image Mode (or click on the Image Mode icon) to 

view the image. 

 

3.4.2 Contact Mode 

Remember that in Contact Mode, increasing the Setpoint increases the force on the sample.  Minimizing the 

imaging force is recommended for most applications.  Once engaged, increase the Setpoint by using the right 

arrow key and observe the Z-Center Position.  If the line in the Z-Center Position moves far to the extended 

end, the tip has false engaged.  Increase the setpoint by +2 volts and execute the engage command again.  If 

the Z-Center Position does not change greatly, you are probably on the sample surface and should go to 

View/Scope Mode to see how well Trace and Retrace are tracking each other. 

Adjust the Gains, Scan Rate, and Setpoint if needed. 

 

3.5 Other Important Parameters 

 

Scan Size - Adjusts the size of the X-Y scan area. 

 

X Offset, Y Offset - Translates the scan area in X and Y directions without changing scan size.  Note: The Zoom 

and Offset commands found on the display monitor may also be used to change the scan size and X and Y 

offsets. 

 

Scan Angle - Angle of the scanner's fast scan direction with respect to the X axis 

 

Samples/line - Number of data points or pixels in X and Y (128, 256, or 512) 

 

Slow Scan Axis - Enables and Disables movement of the scanner in the direction of the slow scan axis. (Y 

direction at 0° Scan Angle) 

 

Proportional Gain - Controls the amount of proportional error signal used in feedback calculation. Typically set 

30 to 100% higher than the Integral Gain. 

 

Data Type - Selects the signal viewed on the display monitor; this parameter is set to Height for topographical 

measurements. 

 

Line Direction - Selects the direction of the fast scan during data collection: Trace (left to right) or Retrace 

(right to left) 
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Microscope Mode - Sets mode of operation to Tapping, Contact, or Force Mode 

 

Data Scale - Controls the vertical scale of the full height of the display and color bar. This parameter does not 

affect the real-time operation of the microscope, only the expansion and contraction of the color scale. 

 

Z-limit - Allows the 16 bits of the digital-to-analog converters to be applied to a smaller vertical range. This has 

the effect of increasing the vertical sampling resolution and should be used for imaging very smooth surfaces 

(<5nm RMS) or performing atomic resolution.  For example, a Dimension or J MultiMode scanner may have a 

full vertical movement of 6 µm over 440 V.  By reducing the Z-limit to 55 V, the full vertical movement of the 

scanner is reduced to 0.75 µm over the same 16 bits. Therefore, the vertical sampling size becomes smaller, 

which increases the Z resolution.  Warning: Do not reduce the Z-limit if there is a chance that a feature will 

exceed the reduced vertical range. 

 

Z-Center Position - The Z-center voltage scale is located to the right side of the image on the display monitor.  

It represents the current extension or retraction of the Z piezo electrode of the scanner during operation.  It is 

displayed from -220 V to +220 V (440 V full range) which represents the entire vertical travel of the scanner 

(i.e. 5 to 6 µm for a Dimension scanner or J MultiMode scanner).  You should not adjust the Z-position using 

the Motor menu while you are engaged.  If the Z-Center position drifts close to its limits, withdraw the tip and 

then re-engage. 

 

3.6 Captured Images 

 

Images which are saved in Off-line and are being acquired in Real-time are all referenced to a Z-Center 

Position of 0 V, which is the middle of the overall vertical movement.  In other words, when the system shows 

you an image, it centers the data at a Z-Center Voltage value of 0 V. Therefore, if the data is captured at an 

average value of 100 V, a Z offset of 100 V will have to be removed from the image in order to observe the 

data. This can be offset in Real-time and Off-line by the Real-time Planefit and Off-line Planefit parameters, 

respectively. 

 

Real-time Planefit - The setting of this parameter only affects how the image is viewed in Real-time. It has no 

effect on how the data is saved. 

 

Line - Removes tilt by applying a first-order plane fit and removes the Z offset from every line scan individually 

in the fast scan direction (X direction at 0°) during scanning.  This is essentially the same as performing a first-

order Flatten (see Off-line Analysis).  This setting is commonly used for every-day imaging. 

 

Offset - Does not remove the tilt from the scan lines, but does calculate and remove the Z offset from each 

scan line individually.  This setting is useful if you need to view the tilt in the sample in Real-time. 

Note: Does not remove the tilt or the Z offset from the image.  This setting is not generally recommended. 
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Off-line Planefit - Controls whether the images are saved with or without tilt correction. There are two 

primary choices: Full and Offset. 

 

Full - Applies a first order plane fit (explained in Off-line Analysis) to the image in X and Y and removes the Z 

offset before the image is saved. 

 

Offset - Saves the image without removing the tilt with a first order planefit, but does remove the Z offset. 

 

None - Saves the image without removing the tilt or the Z offset. The Full setting is commonly used for 

everyday imaging.  However, the Offset setting can be useful when a first order plane fit would negatively 

affect the measurement of interest. If the measurement of interest is the height of a step, then setting the 

Off-line Planefit to Full will result in the tilting of the data.  However, if the Off-line Planefit is set to Offset, 

then a plane fit is not applied and the step orientation is not altered.  If the Full 

setting were applied, a first order plane fit could be applied in the Off-line software to re-oriented the features 

without negatively affecting the measurement. 

 

3.7 File Handling  

 You may create personal folders in E:\users 

 Save tune data in the default directory 

 Captured data should go to D:\Captures 

 Images should go to D:\Images and/or your personal folder 

 Archived data is labeled by month and year in E:\ 

 

Once images are captured during Real-time operation, they are viewed and measured with the Off-line 

commands.  Here we will touch on a few of the basic operations and functions.   

 The data management commands are found in the File pull-down menu.  This menu contains the 

Move, Copy, Delete, Rename, and Create Directory commands for transferring data between 

directories. 

 The Browse command, also under the File menu, places up to twenty-four images on the screen with a 

variety of commands available at the top of the Browse screen. There is also a File menu within the 

Browse commands which provides the ability to specify in any order which images to Move, Copy, 

Delete, or Rename. Browse also provides the ability to view two images side-by-side by using Dual, or 

to view up to six images side-by-side using Multi. 
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4 Image Analysis 
 

A wide variety of analysis functions are available in the Analyze menu in the Off-line for measuring captured 

SPM images.  Each of the analysis routines is useful and described in detail in the Command Reference 

Manual.  Some of the most commonly used analysis routines are briefly described below. 

 

4.1 Surface Plot, 3-D rendering 

 

Raw data can be displayed in a 3-dimensional view.  Viewing angle and illumination angles can be adjusted in 

Version 5.  Version 6 allows you to tilt, pan, zoom by dragging the image, as well as adjust the light angle.  

These images can be exported in the Utilities menu or by right-clicking the image. 

 

4.2 Section Analysis 

 

Depth, height, width, and angular measurements can be easily made with Section analyses. 

 A cross-sectional line can be drawn across any part of the image, and the vertical profile along that line 

is displayed.  The Cursor menu located at the top of the Display monitor provides the ability to draw a 

fixed, moving, or averaged cross section. 

 Up to three pairs of cursors may be placed on the line section at any point to make horizontal, vertical, 

and angular measurements.  These measurements are reported in the box at the lower right of the 

screen.  Cursors may be added or deleted with the Marker menu located at the top of the Display 

monitor.  

 The measurements are displayed in the same colors as the corresponding markers. 

 A fast Fourier transform (FFT) along the cross section is displayed in the lower center window. The 

cursor may be used to determine the predominant periodicity along the cross section by placing it at a 

peak in the spectrum.  Multiply the periodicity value (1/length) by the tip velocity (length/sec) to get 

the frequency (1/sec). 

 The roughness measurements of the portion of the cross section between the two colored cursors are 

displayed in the window in the upper right. 

 

4.3 Roughness   

 

Roughness measurements can be performed over an entire image or a selected portion of the image. There 

are a wide variety of measurements made in Roughness.  The roughness parameters which are displayed are 

chosen under the Screen Layout menu. The measurements made on the entire image are displayed under 

Image Statistics.  Roughness measurements of a specific area may be determined by using the cursor to draw 

a box on the image. After selecting Execute, the measurements within the selected area are displayed under 

Box Statistics. 


