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Chapter 1 New Features in NanoScope
v6.13 Software

1.1 Newly Supported Hardware

NanoScope v6.13 supports hardware that was formerly supported only by NanoScope v5.30. This
includes:

» Torsion (TRmode).
» Electrochemistry including the Universal Bipotentiostat.
» EnviroScope (not including Auto Programs/recipes).
» Dimension Hybrid XYZ Scanning Probe Microscope Head.
See the appropriate manudsipport Note 402 TRmadgupport Note 390 Universal

BipotentiostatElectrochemical SPM ManudEnviroScope ManuandSupport Note 394
Dimension Hybrid XYZ Scanning Probe Microscope Headletails.

1.2 Windows XP Support

NanoScope v6.13 runs on Windows XP in addition to Windows NT and Windows 2000.

1.3 Additional New Features

Additional new features, described in the NanoScope v6.13 release notes, are included in this
manual. These include:

e Single and batch Bitmap and jpeg export.
e Programmed move.

e Step and width analysis functions.

Rev. D Nanoscope Software 6.13 User Guide 1
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Additional New Features
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Chapter 2 Getting Started with
NanoScope v6.13 Software

The focus of this manual is the NanoScope software version 6.13. It is a reference to the tasks
related to your NanoScope system. The material provides an overview (i.e., theory and
applications), procedures, interface definitions and optimization tips.
Refer to the following sections to begin to understand the NanoScope software:

» Installing the NanoScope SoftwareSection 2.1

» Getting to Know the NanoScope SoftwareSection 2.2

e Setting up the WorkspaceSection 2.3

* Quick Guide to a 4K Point Image:Section 2.4

* Using Online Help: Section 2.5

» Technical Support at VeecoSection 2.6

2.1 Installing the NanoScope Software

2.1.1 System Requirements

CAUTION: Contact Veeco Technical Support (€antact Information Section
2.6.2 before attempting to increase the RAM of your system. Failure
to do so could cause irreparable damage to your system.

The 6.13 version of software requires the following:
e A minimum computer configuration of 1.7GHz (2.4GHz recommended)
e 512MB RAM (1GB recommended)

e (450 Video (G550 Video recommended)

Rev. D Nanoscope Software 6.13 User Guide 3



Getting Started with NanoScope v6.13 Software
Installing the NanoScope Software

2.1.2 Before You Install

CAUTION: Ensure you have backed up all critical data onto external media hefore
installing the NanoScope 6.13 software.

1. If you are upgrading from a previous version of NanoScope, ensure you are starting with a
working version. The settings from the working version will be used for the new version.

2. Note that some of the installation screen views may not appear, or may appear slightly
different, depending on your particular system configuration.

3. Make sure you have downloaded and installed NS Toolbox. This is available on the
NanoScope 6.13 CD or from the Veeco FTP site (contact Veeco for more information).

4. Make sure you are logged in as Administrator on the local workstation.

2.1.3 NanoScope 6.13 Installation

Note: Most systems are configured on the microscopes prior to delivery.

1. Insert the NanoScope 6.13 CD-ROM in your CD drive, open the CD-ROM files, open the
v613 folder, and select tt8etup.exeacon.

If you do not have Administrator privileges on your workstation, a WARNING will appear on the
screen and installation will discontinue ($égure 2.1

Figure 2.1a Administrator Warning

warning x|

b/ You do not have administrator privileges to do the Installation,
/ ! Please log on as administrator.
{
Installation will stop now,

4 Nanoscope Software 6.13 User Guide Rev. D



Getting Started with NanoScope v6.13 Software
Installing the NanoScope Software

2. TheWelcome to NanoScope flialog box will open (seEigure 2.1p. Click NEXT.

Figure 2.1b Welcome to NanoScope 6 Dialog Box

¥613 - InstallShield Wizard

Welcome to the InstallShield Wizard for V613

The InstallShield® \wizard will install %613 on pour
computer. Taocontinue, click Mest.

< Hack Cancel

3. After choosing a destination location ($egure 2.1% click NEXT.

Figure 2.1c Destination Location Dialog Box

Y613 - InstallShield Wizard E

Choosze Destination Location

Select folder where setup will install files. k |
G Irzkall W61 3 b
D:hivE 3 Change... |

IrstalEteld

< Back Cancel

Rev. D Nanoscope Software 6.13 User Guide 5



Getting Started with NanoScope v6.13 Software
Installing the NanoScope Software

4. Thelnstallation Type dialog box will open (seEigure 2.1J..

Figure 2.1d Installation Type Dialog Box

Y613 - InstallShield Wizard B3
_—
Setup Type i,

Select the setup type that best suits your needs.

Select the Manoscope installation type.

Slandad

¢ Difline *orkstation

ke =il

< Back | Mest » I Cancel

5. Select the features you wish to install:

Figure 2.1e Select Features Dialog Box

Y613 - InstallShield Wizard E3
Select Features . e
Select the features setup will install

Select the features vou want to install, and dezelect the features pou do not want to inztall.

— Description
Sample Files
Default Workspaces

I ain program

39,23 ME of space required on the 1 drive
538 54 MB of space available on the D drive
| retal Sheld

{ Back | Mest > I Cancel

Nanoscope Software 6.13 User Guide
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Getting Started with NanoScope v6.13 Software
Installing the NanoScope Software

6. The Install Shield Wizard will display system configuration and recommendations (see
Figure 2.1J. Click CANCEL if you wish to change your configuration. ClikkexT to
proceed.

Figure 2.1f System configuration and Recommendations Dialog Box

Y613 - InstallShield Wizard E

System Information and Recommendations e

.

The following addreszes recommendations that are not met by pour system.

frou have 3 Serial Ports installed, up to 4 may be needed. ﬂ
“rour system speed is F31MHz, 800MHz is recommended.
rou have 251 RBAM, 512 iz recommended.

i o

Irecallsteld
< Back | Hext » I Cancel |

7. The Ready to Install dialog box will display:

Figure 2.1g Ready to Install Dialog Box

Y613 - InstallShield Wizard E

Ready to Install the Program e

.

IF pou want to review or change any of your inztallation zettings, click Back. Click Cancel to exit
the wizard.

The wizard iz ready to begin installation.

Click Install to begin the installation.

IrstalEteld

<Back | install i Cancel

Rev. D Nanoscope Software 6.13 User Guide 7



Getting Started with NanoScope v6.13 Software
Installing the NanoScope Software

8. Installation of the NanoScope V6.13 software will then continue. A progress box, shown in
Figure 2.1happears:

Figure 2.1h Progress Dialog Box

¥613 - InstallShield Wizard E

Setup Status &

WE13 is configuring your new software installation.

Installing

[:%E1 3Helphnanozcope. chm

| retal Sheld

9. When the NanoScope V6.13 installation is complete, the following dialog box will appear:

Figure 2.1i Installation Complete Dialog Box

Y613 - Install5hield Wizard

InstallShield Wizard Complete

The InstallShield \Wizard haz successfully installed WE13. Click
Fimizh to exit the wizard.

<Bask |0 Finish Caree]

10. ClickFiNnisH to complete the installation.

Nanoscope Software 6.13 User Guide Rev. D



Getting Started with NanoScope v6.13 Software
Getting to Know the NanoScope Software

2.2 Getting to Know the NanoScope Software

Start the NanoScope software by double-clicking on the desktop shortcut ldbealeScope 6.1.3

2.2.1 Software Interface
The NanoScope software contains two modes of oper&eadtime (i.e., all operations related to
controlling of the microscope) arichage Processingr Offline (i.e., analysis and modification of
captured images). In previous versions of NanoScope software, these modes were separate work
environments. With version 6.13, both work environments have been combined into a “workspace.”
2.2.2 What is a Workspace?
A workspace is a configuration of views and parameters in the NanoScope software. Within the
workspace window, the user configures a hierarchy of commands (i.e., nodes) for running the
microscope and processing images. Auto programs are run in the order that commands are
configured.
The behavior and appearance of the workspace window may be controlled u$ifakbpace>
Preferencesmenu or by right-clicking in the workspace window.
Figure 2.2a Workspace Nodes
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Nodes

The top level node is known as tberent nodeand each node underneath is known elsld node
(seeFigure 2.23 Parent nodes are usually the name for the microscope mode (e.g., Realtime) or a
file name of an image within the workspace. Parent nodes are the higher level nodes for auto
programs. Child nodes, also known as “views,” are typically associated with a window that is used
to carry out an analysis, image processing, or Realtime control function of the software.

Each node may be renamed, deleted and grouped. Node names may be preceded by an icon and/or
lines indicating the relative positions of nodes in the hierarchy.

2.2.3 The Main Screen Elements

Workspace Window The left pane in the client window for viewing and configuring a
series of views.

Client Window A central window for viewing all Realtime graphical displays, input
parameters, results parameters and graphs.

Menu Bar A group of items for executing commands or viewing files.

Toolbar A group of icons for executing commands or viewing dialog boxes

to configure input parameters.

Status Bar A read only list that displays the stage X, Y, Z coordinates and
enabled functions (e.g., Capture: On).

RT Status Window A dockable window in the client window displaying information
about the sample during Realtime.

Browse Window A dockable window in the client window for browsing files. Avail-
able in list or thumbnail format.

Help Window A dockable window in the client window for displaying the Help
screen.

Start the NanoScope Software
Complete the following to open the NanoScope software:

1. Double-click the desktop shortcut labeg@noScope 6.13

2\

2. The default screen appears with menu itdfite,(View, Help, etc.), a blank workspace and
a toolbar (se€&igure 2.2M.

Note: SelectFile > Open Workspaceto open a previously created workspace file.
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Figure 2.2b Screen Elements
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Functions Menu

TheFunctionsmenu is accessed by right-clicking on a parent node (i.e., Realtime or a filename). It
includes specific elements for viewing multiple windows, renaming views, grouping views, and
adding and deleting views. This menu also includes the command for running an Auto Program
(i.e.,Run AutoProgram) where the image processing commands may be run in a series on
multiple images and results may be saved in a data filé-{gee 2.23.

Figure 2.2c Functions Menu
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Menu Items

Add View

Add Group

Delete

Delete Sub Items

Change Title

Permit Multiple Views

Assign File

Create Auto Program

Edit AP Attributes

Run Auto Program

Accesses a submenu of Realtime or offline commands.

Adds aGroup node to the workspace for creating a defined set of
commands.

Deletes the currently selected node in the workspace. If changes
were made, a prompt appears to save the view.

Deletes the items listed under the currently selected node in the
workspace. If changes were made, a prompt appears to save the
view.

Allows for the selected view title to be changed.

Selecting this item allows for multiple views to appear in the client
window (sed-igure 2.29l

TBD

Allows you to create a new Auto Program based on analysis done
on a node.

If the currently selected node is in Auto Program, this parameter
allows you to edit the Auto Program properties.

Accesses the Auto Program Results view to run the selected image
processing commands.

12
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Figure 2.2d Permit Multiple Views
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Functions Submenu
TheFunctions submenu allows for adding new views to the workspace iAdde/iew command
(seeFigure 2.2%
Figure 2.2e Realtime Workspace Functions Submenu
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Functions Submenu Items

TheAdd View submenu includes commands for running the microscope, analyzing and reporting.
Selecting a command adds the item name and icon as a new child node to the workspace window.
Click on a node to invoke the view in the client window.

Depending upon the microscope type and mode (i.e., Realtime, Image Processing and Profiler),
each workspace has uniqgue commands il\tlteView submenu. For the Realtime functickad
View submenu, sekigure 2.2eFor more detailed descriptions about the viewsCéepter 3

Quick Key Commands

224

Many commands havguick key commands (series of keys to enter in place of using the mouse).
You can open menus, access panels and execute commands with the keys or combination of
keystrokes. In the NanoScope software, the quick keys are designatediigeaiined letter in

the command name (e.®,is the quick key in Raltime).

To activate a quick key command, pressAltebutton then the quick key, or select the command
with the mouse and press the indicated quick key.

Quick keys only apply when in activebox, menu, panel or window that is currently visible on

the screenActivepanels are designated in color with a highlight on the panel title or with a heavy
frame around the panel.

Menu Bar Items

The initial menu bar includesile, View andHelp to begin the process of initializing and opening
files in the client window. Once a workspace is open an expanded toolbar exists for running and
configuring the microscope to scan or process images.
The menu items include:
» File—Accesses menu selections for opening, saving and printing files and documents.
» View—Accesses menu selections allowing to choose display properties.
» Format—Accesses menu selections for modifying NanoScope files.
» Realtime—Accesses menu selections to administer commands during data collection.
» Acquire—Accesses all Realtime Views.
* Analyze—Accesses all Offline Views.

» Tools—Accesses menu items for selecting and calibrating various settings.

* Window—Accesses menu selections for arranging windows.

14
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¢ Help—Accesses menu items for initializing and displaying the help scré&rg a
Report dialog box to submit bugs/requests to Veeco, and NanoScope information about
your system.

2.2.5 Cursor Types

Within captured images, it may be necessary to do analysis or modification on a selected area or
exclude this area from the analysis. Cursors allow for specifying this information.

The cursor types are as follows:

» Lines—Selecting specific data (e.g., lengths of features or sectioning features) along the
line.

» Boxes—Selecting specific areas on the display for including or excluding data.

« Grid Markers —Horizontal or vertical line cursors within histograms and spectrum
graphs for choosing data ranges or making measurements.

Using a Slider Cursor

In a graph or histogram, position the mouse with in the blank area between the axis and the edge of
the graph and drag the slider along the graph to position the cursor. The mouse cursor will change

to >,

Positioning a Line or Box Cursor
¢ Click and drag the image to draw a line or box cursor.

« To resize an existing line or box cursor, click and drag on a corner edge or end of the
object. Cursor will change & o

« To move an existing object, click and drag the center of the object to the desired
location. The cursor will change
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2.3 Setting up the Workspace

2.3.1 Create or Open a Workspace
1. A workspace can be opened or created by selecting the following:
* File > NewWorkspace
» File > OpenWorkspaceand browse to open an existing workspace.
* File > Select th&Vorkspace Namefrom the Recent files list.
Note: A new blank space will automatically display when version 6.13 is opened.

2. To begin Realtime operations, open a Realtime node. Rdattime > Start Realtime or
click theNanoScopeicon.

A Realtime mode appears in the workspace, along with a dialog box allowing you to add views to
theRealtime node.

2.3.2 Add Views and Configure the Workspace

1. Position the mouse on tRealtime icon and right-click to view the functiomsenu (see
Figure 2.3

2. If one of the views3can-Single Scan-Dual or Scan-Triple) does not appear
automatically, in the functions menu, seladd View and one of the scan views or click the
Scanbutton.

3. Add the following views to your workspace to set up the hardware for scanning:

» Meter View—for verifying the laser signal on the cantilever. (If desired, the Realtime
Status Window can be opened in placd/leter View).

» Navigate View—for setting the tip to sample focus, locate tip and stage alignment (not
present for MultiMode).

4. Customize your workspace with any additional views using the same proceduBtegs2n

Note: In theFunctions menu, seledPermit Multiple Views for allowing several
windows to display.
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2.3.3 Multiple Users using NanoScope
The NanoScope computer can save multiple user preferences/settings in the computer registry.
Once a user sets up an account on the computer, several settings are automatically saved for the
user. These settings include:
* Previous image file type
* Prevbus directories
« Browse window settings
* Option to disable video while scanning
* Section View results to display
* Location of Abort dialog box
* Reviewcurve settings
» Force Filter settings
e Help settings
e Script directory
e Track ball on
« Default Parameter dialog box location
* Point and Shoot View settings
* Sweep dialog box settings
* Workspace settings
* Image control settings
*  Grid control settings
* Meter View control settings
» Color control settings

e Z center control settings
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Figure 2.3a New Realtime Screen
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2.4 Quick Guide to a 4K Point Image

The following procedures provide quick steps for using the NanoScope 6.13 software. Follow these
steps to quickly scan a sample and then capture and analyze an image. Along the way, you'll see
how the NanoScope 6.13 software works, learn some useful tricks, and find out how to learn more
later.

If you have used the “classic” NanoScope software, you'll see that the new interface is Microsoft
Windows-based.

This section is not intended to teach a new user how to run an AFM, but only to introduce
experienced users to V6.x.

2.4.1 Starting the NanoScope Software

After the software installation is complete, you are ready to start the NanoScope software and add
some views to the software workspace.

computer desktop. You will see the NanoScope software windoviFigee 2.4% which
can span one or two monitor displays. This large window will contain all the areas and views
you use to control the microscope and analyze your results.

T"' 1. To start the NanoScope software, double-clickihroScope 6.13tartup icon on the
-
ch

Figure 2.4a NanoScope Software Window

[{{Nanoscope

File Wiew RealTime Acquire Analyze Tools Help

$ 1@ d&[a -

2. Notice the white area on the left side of the NanoScope software window. This white area is
the “workspace.” This area acts as an organizer for operations you use in the software—
including scanning and analysis. Each item in the workspace has a view window that lets you
set parameters, perform actions, or view results. The sequence of items in the workspace is
important only for Auto Programs that use analysis functions.
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3. Selecflools > Select Microscopeo open théMlicroscope Selectdialog box.

Figure 2.4b Microscope Select Dialog Box

Microscope Select x|

builtibd ode:

Ok, |
New |
Delete |
LCancel |

In theMicroscope Selectlialog box:
a. You can add a new set of hardware configuration parameters by cikwm@r edit
the parameters of the selected microscope by clidkiig The parameters include
things such as the controller, extender, and vision system.

b. IntheEquipment dialog box, choose the microscope you are usingHisere 2.4%. If
you are using a MultiMode AFM, select the scanner you plan tdSecsmferbutton).

Note: Select théddvanced button to view all equipment parameters.

Figure 2.4c Equipment Dialog Box

Equipment - mm.eqp 2 x|
Description MulkiMode
Controller 1114
Microscope MulkiMode
Extender MNone
Vision Mone
Scanner .. Senal ... | Advanced |
LCancel |
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<

4. Click the yellowRealtime icon in the toolbar. This adds Réaltime’ group and &can
View to the workspace. It may take a moment the first Raaltime is added. A dialog box
(seeFigure 2.4 will appear giving you the option to add more views.

Figure 2.4d Add Realtime Views Dialog Box
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5. Right-click onRealtime in the workspace and selé&rmit Multiple Views from the pop-
up menu. When this item is enabled (that is, has a check mark next to it), you can have
several views open at the same time.

Note: Areas in the NanoScope software window can be resized and moved to make it
easier for you to use. When you reopen the software, it will remember your
changes. Drag the edge of an area to resize it. Drag the title bar or double raised
lines on an area to move it to another edge of the window or to make it a
floating window. (In Microsoft Windows terminology, these areas are
“dockable.”) Click the “X” in the upper-right corner to close an area. Use the
View, File, or Scanmenu to open an area. For details about the areas of the
NanoScope software window, sgection 2.2

If you are using a Dimension Series AFM, continue with the steps in Preparing a Dimension Series
AFM for aRealtime Scan. If you are using a MultiMode AFM, skipSoanning and Scan
Parameters Section 2.4.4

2.4.2 Preparing a Dimension Series AFM for a Realtime Scan

Once you've created the workspace, prepare the system to scan. This includes selecting the
operation mode, aligning the laser, adjusting the photodetector, locating the cantilever tip with the
optical microscope, and focusing the optical microscope on the surface. If you have not yet learned
these procedures please refer to y@umension Microscope Manualand/orSPM Training
Notebook
For details on using the Realtingean Views seeChapter 3
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1. Click theScangroup or one of th8canviews Scan Single Scan Doubleor Scan Triple)

in the workspace to see one of 8@anViews. Set theMicroscope modeparameter to
Tapping or Contact.

Mount the probe into the cantilever holder
Mount the cantilever holder onto the end of the scanner head.
Align laser on cantilever.

Click Meter in the workspace or chetiew -> Real Time Statusto see thé/ieter View.

Turn the two screws on the side of the scanner to adjust the laser position in the
photodetector. In thBleter View, the location of the red dot and the values at the bottom of
the display change.

Click Navigatein the workspace to see tNavigate View. This view shows the video and
stage controls. Activate thieack ball by clicking on theTrack ball ON button inside the
Navigate View.

Click theLocate Tip icon in the toolbar or thieocate Tip button withinNavigate View.
Using the two adjustment screws to the left of the optical objective of the microscope, center
the tip of the cantilever under the crosshairs.

Focus on the tip end of the cantilever either by using the trackball while holding down the
bottom-left button or by using th@ptical Focusmouse controls. Click and hold the large
arrow keys to move the focus up or down. The speed is controlled by the sliding bar or by
typing a value from 0 to 100. Cli€BK to set the focus and enteéocus Surfacemode.

When you leave Locate Tip mode, the optics move to a focus position, typically 1mm below
the tip. To set this, select Tools > Engage Settings > General > Motor.

9. Focus the optics on the sample surface using either the trackbalZo¥iter arrows in

theNavigateView. To use the track ball, set ttrackball to On, and roll the trackball up or
down while holding down the bottom-left button. To usedhdotor arrows, click and hold
them down. You can use the speed controls iZthtor area to adjust the speed. This
adjustment raises or lowers the Z stage on which the SPM and optics are mounted.

10. Move the x-y stage to align the desired location on the sample under the crosshairs either by

using the trackball without holding down any buttons or by usin¥h8tagearrows in the
Navigate View.

11. If you are using TappingMode, click theneicon. Check your parameters in th&o Tune

list.

12. Click theAuto Tune button. Notice that the status bar at the bottom of the NanoScope

software window says “Cantilever Tuning” during automatic tuning. When tuning is
complete, clickexit in theCantilever Tune dialog box. Proceed t®8ection 2.4.4, "Scanning
and Scan Parameters"”
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2.4.3 Preparing a MultiMode AFM for a Realtime Scan

Once you've created the workspace, prepare the system to scan. This includes selecting the
operation mode, mounting the probe, selecting the scanner, mounting the sample, aligning the laser,
and adjusting the photodetector. If you have not yet learned these procedures, please refer to your
Multimode Manual and/orSPM Training Notebook

1. Click Scanin the workspace to see tBeanView. In theScanView parameters area, select
theOther tab. Set théMicroscope modeparameter to Tapping or Contact.

2. Change the mode switch on the base of the microscope. SEMA#M if you are using
TappingMode. Set it tAFM & LFM mode if you are using Contact mode.

3. Mount the probe into the cantilever holder.

4. Put the cantilever holder in the optical head. Secure the holder by tightening the screw in the
back of the optical head.

5. Choose a scanner (A, E, or J) by clickingl@ols > Select ScannerMount and plug the
scanner into the base. Attach the corresponding springs to the microscope base.

6. Mount sample onto scanner.

7. Place optical head on scanner, making sure there is enough clearance between the tip and the
sample.

8. Align laser.

9. Adjust the photodiode signal.

10. If you are using TappingMode, click fReneicon. Check your parameters in thagto Tune
list.

11. Click theAuto Tune button in theCantilever Tune dialog box. Notice that the status bar at
the bottom of the NanoScope software window says “Cantilever Tuning” during automatic
tuning. When tuning is complete, cliékit in theCantilever Tune dialog box.

2.4.4 Scanning and Scan Parameters

Next, you set scan parameters and scan the sample.

1. IntheScanView, use the following initial parameter settings in 8santab. These values
may already be set; they are handy starting values.

Scan size 1um
Aspect Ratia 1.00
X offset Onm
Y offset Onm
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Scan angle 0.00°
Scan rate 2Hz
Most of these commonly-used parameters are also shown Blaitngab. You can right-
click on the field in thévlain tab to open a dialog box that allows you to change which
parameters are shown on tain tab.

To collect 4K points of data per line, set the following parameters i8daptal

Samples/line 4096
Lines: 512 (or 1024)
Aspect ratio: 8.00 (or 4.00 if Lines is 1024) and you want

square pixels

Note: You can use the mouse to adjust the value in many parameter fields. Click on
the value and drag the mouse left to decrease the value or right to increase the
value.

The Aspect ratio controls the X:Y ratio of the pixels in the displayed image. Since there is a
8:1 ratio between 4096 samples/line and 512 lines using an Aspect ratio of 8 causes the pixels
displayed in the image to be square.

4. For TappingMode, use the following initial parameter settings if¢leebacktab:

SPM feedback Amplitude
Integral gain: 0.2
Proportional gain: 0.3

For Contact mode, use the following initial parameter settings Rethébacktab:

Integral gain: 2.0
Proportional gain: 3.0
Deflection setpoirt: 0V (vertical defection = -2V (before engage)

Click theEngagebutton in theMain tab or click theEngageicon. Scan lines appear in the
ScanView once the tip engages and scanning begins.

Click theScopebutton. Check to see whether the trace and retrace lines are tracking each
other well. They should have a similar shape, but they may not overlap each other
horizontally or vertically. Adjust th8can rate Integral gain, Proportional gain, and/or
Setpoint(that is,Amplitude setpoint for TappingMode an®eflection setpointfor Contact
Mode) parameters. Once the trace and retrace are tracking well, your tip is scanning the
sample surface.

At this point, you may want to adjust tBean sizeX offset, Y offset, andScan anglgScan
Tab) parameters to locate the scan over features of interest. If you increSsantsze
remember that th8can rateshould be lowered.
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Note: You can zoom in on the scan image by selecting ttoen button below the
image. Then, use your mouse to drag a box outline over the area you want to
zoom in on. ClickOffset to offset the center position of your scan.

9. With a 4K image, it may be useful to zoom in on the scan without changing the scan size.
Select thddata Zoombutton above the image. Use your mouse to drag a box outline on the
image (begin by clicking where you want the center of the box to be). When you release the
left button, you will be zoomed in (scan size of image display will change) but the scanner
will remain scanning the original scan size. At this point you can choose to “pan” over to
other areas of the total scan. Selectfthrbutton and click and hold the left mouse button as
you move the mouse. The left arrow button above the image allows you to go back to the
original scan and the right arrow button allows you to go to more zoomed in scans (if you
have done multiple zooms). You may also choose to physically change the scan size or X/Y
offsets by using th&oom or Offset.

2.4.5 Capturing an Image

Once you have adjusted the scan parameters, you can capture a scanned image. Perform these steps
once a scan you want to capture is in progress.

1. You can capture a scan in any one of three ways:
« From the menu bar, seldgealtime > Capture.
e From the menu bar, seldgealtime > Capture Now.
. « OntheMain Tab in theScanView, click theCapture button.
m » Click theCapture icon in the toolbar.
The scan will continue. Notice that the status bar at the bottom of the NanoScope window (see
Figure 2.4¢says “Capture: On.” When the current scan is complete, the image will be stored
automatically in the Capture Directory with the file name indicated in the status bar. The file

name and directory can be changed by selecting Realtime > Capture Filename from the
menu bar (see Figure 2.4,
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Figure 2.4e Status Bar
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2. Inthe Image Browser area ($6gure 2.4¢, check to see if you are looking at the Capture
I Directory. If not, select th€apture Directory icon (or click the *.." button and select the

Capture Directory, which is usuallyi > Capture). If you don't see the Image Browser,
chooseView > Browse
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Figure 2.4g NanoScope Image View Window
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3. Double-click the image you just captured. The image opens im#ge View window (see
Figure 2.4¢. Notice that the image filename and an image view are added to your
workspace.
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4. If you need to change timaTA SCALE, CONTRAST, OFFSET or COLOR TABLE, use
Format > Color Scaleon the menu bar or right-click on the data scale value in the top right
corner of thdmage View window, and change the appropriate values irCibler Scale
popup window. Th€olor Table may also be changed by clicking and holding the color bar,
then dragging the mouse left or right.

Note: To rename image files, you c&ave As use Explorer to rename the file, or
right-click on the image in the image browser and sé&/amte

Figure 2.4h Color Scale
1I
5 [ oc |
Dffset: ID— Cancel |
D ata Scale: IW

Table——————
’7|2 [~ Make Default

=

Contrast:

2.4.6 Analyzing an Image with the Section Analysis

After opening the captured image, you can analyze the image. In this examplaitdrefilter
andSectionanalysis views are used.

1. Right-click on the name of the image in your workspace. Chddé/iew > Flatten from
= the pop-up menu, sele&halyze > Flatten from the menu bar, or click thgatten icon.

The Flatten filter can be used to remove image artifacts due to vertical (Z) scanner drift, image
bow, skips, and anything else that may have resulted in a vertical offset between scan lines.
Refer to the Command Reference Manual, 004-122-000 for a detailed description of Flatten.

2. Set the input parameters for the filter. For example, you can choose the order of the
polynomial to use to fit scan lines.

3. Click Execute
4. To restore to the original data, cliRleload Then change the parameters and diigkcute

again.

from the pop-up menu, seleshalyze > Sectionfrom the menu bar, or click ti&ection
icon. Sectionanalysis allows you to easily make depth, height, width, and angular
measurements.

%I 5. Right-click on the name of the image in your workspace again. CAdadséiew > Section
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6. Drag a line across the image. A vertical cross section along that line is shown in the upper

graph area, shown kigure 2.4i The lower graph also shownfigure 2.4j shows the
power spectrum (Fourier Transform) of the cross section.

In the upper grid, drag the two cursors around to make measurements. You can grab two or
more measurement cursors from the outside of the grid. You will see the cursor change from
a—',— to a€® , at which point you can grab the measurement cursors. The results area at the
bottom of the view shows various measurements at the marker position.

Note: Section can have three horizontal lines or 3 rotating lines or one rotating box. It
can have three sets of grid markers on one image cursor or one set of grid
markers on each image cursor.

If you would like to make an Average Section, right-click on the image, Saéating Box.

After drawing the box, you can make it rotate by holding down the shift key while grabbing
anywhere in the box.

Figure 2.4i Section Analysis

Rings.128 : Section =1 E3
DataZoom I 2.0 pm Seston
1.5
- | B
v Botat!ng Line a5 | |
Fiotating Box g
Horizontal Line . . . - 0 ! !
LCopy Clipboard -0.5 I !
Toalip Info Level » | | |
| Export ) S El ; ;
i pum i i
0.2 0.4 0.6 0.8 1 pin

1: Height

Spectral Period 0.702 pm
Spectral RMS Ampl. 342 nm

Spechial Freg 9.77 /um
Temparal Freq: 0.00 Hz

400 |

Horizontal Dist.
0.244 (pm)
0.000 (pm])
0.000 (pm)

“Wertical Digh,
788.239...
0.000 [nm])
0.000 [nm])

Surface Dist.
4.732 [pm)
0.000 [pm])
0.000 [pm)

0.00...

Rz Count

308174 (nm)
0.000 (nm)
0.000 (nm)

9.769 .
0.000 .
0.000 ..

2.4.7 ASCII Export
When transporting the results of using NanoScope software to another computing platform, the
most generic format is an ASCII text file. Tige > Export > ASCII command builds such a file.
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1. Select a directory, then an image file within it, from the file browsing window at the right of
theNanoScope Version énain window. Right-click in the thumbnail image to open the
menu shown irrigure 2.4

Figure 2.4j The ASCII Export Command

Di[ectm_.,.;JcI:'\capture\F’icoForce\Images

Delete
Move. ..
Copy...

AutoProgram
Beview Curve
Properties...

_J
'.-i""-":‘.F

Sic_cell. zpm Lategx.zpm

5

RSN S -

2. Click Export >ASCII to open thé&Export dialog box (se&igure 2.4}
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Figure 2.4k The File Export Dialog Box

Esport x|
nits I
OlLsE Caticel |
O Select &l |
rim
Clear Al |
— Amplitude Options
Units | Calumnrs: |1
QLse v Export Header
[
[~ Export Flamp
[~ Export Time
— Phasze
| nits |
OLse
Deg

3. Select the units in which to record the data in the new file by checking the appropriate boxes.
You can also export image header, ramp, or time information by selecting those check boxes.

4. Click Save As...designate a directory path and filename, and Sake

Figure 2.4lshows the start of an exported ASCII image file saved without a header.

Figure 2.41 Sample ASCII Image File

File Edt Search Help
Height(nm) Amplitude(LSB)
1.581191e+002 5.940000e+002
2.019038e+002 5.860000e+002
1.803088e+002 5.710000e+002
1.795310e+002 5.570000e+002
1.730342e+002 5.280000e+002
1.731715e+002 5.240000e+002
1.653479e+002 5.110000e+002
1.712957e+002 4.830000e+002
1.917468e+002 5.120000e+002

2.5 Using Online Help

The NanoScope software now includes complete documentation in online Help, including: Theory,
Procedures and Interface references.
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If the help is not open,
» Selectview > Help or
» UseHelp > Nanoscope Helpo display and hide the Help window.
To manually select the Help file:
1. SelecfTools > Options > Set Help File

2. A browse dialog box appears to select the NanoScope 6 help filEdsee 2.5

Figure 2.5a Initialize Help Dialog Box

open 21|
Lok jr: |E Help j = c¥ BB~

Browse to select
| = PicoForce_Help_RevD.chm the NanoScope file

File narmie: INannS copek.chm Open

Files of type:  |HTHML files [* htm:*. htm.". chi) =l Cancl |

4

3. Select the NanoScope6.chm file.

2.5.1 Help Window
TheHelp window includes three tabs (segure 2.5
» Contents—Displays a list of topics and subtopics to search.

* Index—Allows searching by indexed items in alphabetical order.

» Search—Allows for searching the entire online help for a word or phrase.
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Figure 2.5b Help Window

o

Hude Back

o | G| Pes e | S
Menu Tabs —— > [rmmmr | Buewieses - T vty sl salte aile. witie

11 Inataling the ancticoge Sctvs

Veeco
di NanoScope 6.12 Help

List of Topics —Jp»

Right Frame
for Viewing
Contents

Contents
The Contentstab allows for scrolling between main topics and subtopics. Click on a topic to view
documentation in the right frame (géigure 2.5p.

Index Tab

Thelndex tab allows to search the index of items, then select display to view the contents in the
right frame (se&igure 2.5%.

Note: Often, the indexed item displays the top level help page where the item is
found. For viewing the exact location, select the indexed item, display the page,
then select the contents tab to view the related topic of the indexed item.

Rev. D Nanoscope Software 6.13 User Guide 33



Getting Started with NanoScope v6.13 Software

Using Online Help

Search —Jp
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Figure 2.5¢ Index Tab

T LO-E

Proportional gain-Contrals the amount of the proportional error
signal used in the feedback calculation. The Proportional gain term
in the feedback calculation has equal gain at all frequencies;
therefore, it has a dominating effect over the Integral gain f0| high
frequencies

Range ar Sattngs:

» Typically, sattings are 35 L0100 percant more than Integral gain valuas.

Amplitude [Deflection] limit
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and 2.5 for erystal silicon Hps.

Analog 1, 2, 3, 4

(ST and standard contact AFM only J-Outputs & seleckable voltage to the microseope [see
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System Uszer's Manual). This voltage has no effect on the operation of the standard
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Search Tab

The Searchtab allows to search the entire help text, then view the content in the right frame (see

Figure 2.59.

Figure 2.5d Search Tab

i

Qptichz

Fiirt
Conterks | Indsy | Ssarch |
Type in the ke o ird

[ ampiiude

Selemct T opic I dizpley:

12.7 2 Buttoes and Paramedess i the Greph
14122 kiShd arad HFWFM Corficuie Panel
14.4 Fower Speciial Deraiy

14,41 HanoSeope PED Mezswemerts
15.21.4 Spesinim 20 Digplay Harital

31 Dwerview of Contiol Panels

331 Parameksr in the Feedback Canials
241 Paiametziz in the Other Controls Pranel
A5 Paramebzrs in the Interleove Contol
SECharnel [1,2,3]

ABDrve Feadhack Controls

3 B.1 Patameteis in the Diive Feedback Co..
6 4 Fores: Caltrate

5.4.1 Force Caioiale Contral Mool

5 4.2 Parameters on the Fomee Colbraie Mai
B4 Channzl Paametens Alfecing Force M.
6 5.3 Feschack Confrab Paramebzrs inForc
G EForce Step

5B Carilever Tune

B B4 dusbo Ture Cortrole Panel

5.B5 Swaen Cariiol: Panel

SE7 Cartlever Tune Deplay Morilo

E.7.1 Captuna Calibration Cariiol Moaioe
771 Tapping Engage Panel

7.7.2 Paramztars in the TacpnoErgzosPa .
BE.2 Cakcusbng Yabies inVerson 4 2

EB.5.5 Finding 2 Scdes in Software Versich .

_Dissley |

11.6 Amp/Phase to Amp SinPhase/Amp Cosphase

In this function, dual images, which were cbtained in Force Modulation appear on the
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2.6 Technical Support at Veeco

Your satisfaction and productivity regarding Veeco products and documentation are absolutely
essential.

2.6.1 Submitting Bug Reports

The NanoScope software automatically generates a bug report if the system should abort for any
reason. This bug report form may help a Veeco programmer correctly analyze the problem that
caused the abort.

If the system should abort, the next time the software is initiated a bug report form automatically
displays. You can also report a bug by seleddegp > BuG REPORT... For submitting bug

reports, complete the following:

1. Enter your name and a brief description of the functions in use when the crash occurred.
Please describe the situation as accurately as possible.

Note: The form also includes crucial internal coding information for the developer.

2. SelectOk to transmit the file.
Note: A file labeledsuc. TxT will be created in your SPM directory. If another bug.txt
file exists, the number on the file name is incremented or the information is

appended to the previous file.

Note: If there is no SPM directory or bug.txt file, the software prompts to place the
file in another location.

3. Once the file is created, attach Hue. TXT file to an e-mail and send to bugs@di.com.

Note: You may not get a response to your bug submittal, but be assured that our
programmers will analyze the problem and fix it in a future release if necessary.

2.6.2 Contact Information

Mailing Address

Technical Documents, Technical Support or Bug Reports at Veeco
Veeco Instruments Inc.

112 Robin Hill Rd.

Santa Barbara, CA 93117

E-mail: help@veeco.com
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Voice Phone

(805) 967-1400, (800) 873-9750

Fax

(805) 967-7717

E-Mail (Documentation Feedback only)

TechPubsSBO@veeco.com

World Wide Web

http://www.veeco.com
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Chapter 3 Realtime Views

The Realtime Views control the Realtime collection of data. Each part of the screen is an integral
part of the scanning process. For more information on controlling views and the workspace,
referenceChapter 2

For general procedures in setting the parameters and data definitions, refer to the following
sections:

» Overview of Realtime Views:Section 3.1
» Views for ScanningSection 3.2

» Tips on Using RealtimeSection 3.3

» Force CurvesSection 3.4

* Auto PanelSection 3.4.5

Note: If you have never used an AFM before, please refer to your microscope manual
or contact Veeco for training.

3.1 Overview of Realtime Views

TheScanView includes all SPM parameters previously found in the Realtime control panels. The
settings and parameters configure the microscope and NanoScope controller signals to optimize
each scan.

You can access Realtime views suclsean-Single Scan-Dual Scan-Triple, Meter, Navigate
Video, andPoaint and Shootby any of the following methods (sEgure 3.1

1. Right-click on Realtime in the workspace and select the desired view frékddhéiew
menu.

2. Click on the desired view icon in the Realtime button bar.

3. Select a view from th&cquire menu.
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Figure 3.1a Manual Scanning in Realtime
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3.1.1 Typical Procedures to Begin to Scan

SetScanparameters to affect piezo movement and data collectiorSd@drgfunctions control the
type of scan to run, how large the scan is, its angle, scan rate, and number of samples per scan line.
Prior to scanning a sample, the user must have knowledge of the following:

» Basic SPM processes

» Microscope safety, handling and tip/probe handling procedures (see your system
manual)

e Sample handling procedures
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3.2 Views for Scanning
The general interface views associated with configuring parameters for scanning include:
« Navigate ViewSection 3.2.1
* Meter View Section 3.2.2
+ Point and Shoot ViewSection 3.2.3
» Cantilever Tune Section 3.2.4
* Scan View InterfaceSection 3.2.6
e Scope Trace PlotSection 3.2.7
* Main Tab Interface Section 3.2.8
* Scan Tab InterfaceSection 3.2.9
* Channels Tab InterfaceSection 3.2.10
* Feedback Controls Tab InterfaceSection 3.2.11

e Other Tab Interface Section 3.2.12

3.2.1 Navigate View

Use the Navigate commands to locate the tip, focus on the surface, enable the trackball and move
the stage. Use théavigate View (previously theRealtime > Stagemenu commands) to position

the tip, locate a surface position for referencing Z height and move the stage for scanning the
sample surface.

To access thdlavigate View, click on theNavigateicon in the Realtime workspace. If the
Navigateicon is not present, right-clidRealtime in the workspace to view the functions menu.
SelectAdd View > Navigate and theNavigate View appears in the client window.

Navigate Commands

TheNavigatecommands allow you to focus surface or locate the tipHgpee 3.23 To view the
Navigate commands seléatols> Stageor the command icons féiocus Surfaceor Locate Tip.

Rev. D Nanoscope Software 6.13 User Guide 39



Realtime Views
Views for Scanning

Figure 3.2a Navigate Menu Commands
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Using the Navigate View

CAUTION: If Tip Focusis not accomplished befoF®cus Surfacethere is a
danger of crashing the tip durikgngage

Access thdNavigate View at any time when the stage movement or focus surface and locate tip
settings are necessary.

Note: Some microscope options, suchEagageandWithdraw, are unavailable
when theNavigate View is active. You must select another view, such as the
ScanView, to enable these options.

1. Accesd ocate Tip andFocus Surfacein theNavigate View or select the appropriate icons.

2. Select théocate Tip button and focus on the tip using the trackball or arrow keys. When
finished, click theOk button.

3. ForFocus Surface use the trackball or arrow keys to move the stage in X, Y or Z directions.

Navigate View Parameters:

XY Stage Motion Controls the horizontal, vertical and diagonal movement of
the stage.
Speed Buttons allow for setting slowSj, medium M) and fast

(F) stage speeds by entering a speed value to the right of
the buttons or using the scroll bar then selectthe S, M or F

button.

Z Motion Up and down arrow keys control the height movement of
the tip toward or away from the stage.

Auto Focus Opens an Auto Focus dialog box to set the Z axis focus
from vision settings.

Trackball Enables or disables the X, Y stage and Z cantilever move-
ment by using the trackball.

Camera Controls the magnification used to view the stage or tip.
Range High Mag, Low Mag.

Illumination Sets the light intensity in the optics.

Zoom Changes the optical field of view (i.e., without stage or tip
movement).

Vision System Displays the surface (in focus surface mode) or tip (in
locate tip mode) and tip on the surface (in Realtime scan-
ning mode).
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SPM Parameters

To access the SPM Parameter controls, sélemis> Engage Settings> General or right-click in
Navigate View and selecEdit SPM Parameters(seeFigure 3.23. Parameter Controls are:

Sample Clearance
SPM Safety
SPM Engage Step

Load/Unload Height

Figure 3.2c Edit SPM Parameters Dialog Box

Edit SPM Parameters E

Sample clearance: |EISEI [Ty]
SPM zafety: |1 00 prm
SPM engage step: |EI.S?2 pm
Load/Unload height; |2DDEI pm
SPH exclusion limit jo.oo
SPM exclusion limit 2: |EI.DEI

3.2.2 Meter View

Access theMeter View (selectAcquire > Meter) to view the photodetector signal, RMS
amplitude, horizontal and vertical deflection signals, and the signal sum. The meter can also be
viewed in the docking RealTime status window.

Meter View Interface

Photodetector Signal—Corresponds to the positioning of the laser on the photodiode
detector.

Signal Sum—Sum of the voltage response from the laser in all 4 sections of the photo
detector.

Vertical Deflection—Corresponds to the voltage for vertical displacement of the laser
signal. Should be “0” for centering.

Horizontal Deflection—Corresponds to the voltage for the horizontal displacement of
the laser signal. Should be “0” for centering.
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« RMS Amplitude—Root mean square (RMS) signal measured at the detector

(TappingMode only).

Figure 3.2d Meter View and Docking RealTime Status Window

VertDeflection: 0.02 V
RMS Amplitude: 2.01V

Vet Dl 000V

Hoz Dell; 000V

Signal Sum: 0.00V
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3.2.3 Point and Shoot View

ThePoaint and ShootView allows you to select specific points on an image sgere 3.2 Use

Point and Shootto capture an image and/or collect a force curve for every point you designate.

When you click a point on an image, a crosshair (+) marks the location. You can designate

individual points, or use the tools in tReint and ShootView to assign multiple points
simultaneously.

Figure 3.2e Point and Shoot View

3 Real Time1 : Point and Shoot

Main Scope Mode
© Image/Scan 222V
% Ramp/Force Curve

Image Channel: |1

Ramp Channel: |1
Multiple Shoat: |2

Capture Image and Famp |
Capture Image |
Famp | Capture |

Foint ILine IBU:-: I

Image Cursor Mode

 Mark Only

o b /Famp

& M/R/Capture

Clear All Marks I
Save Marked List ... I
Load Marked List .. I 2

Ramp Capture Index: 8
Captured Image: 5 10 15 20 25 30 35
ps.010 Ziv)

Deflection [ %)

Controls and Parameters

Image/Scan

Ramp/Force Curve

Allows you to switch to Image/Scan mode. Use Image/
Scan mode to adjust scan parameters in any scan view.

Allows you to switch to Ramp/Force Curve mode. Use
Ramp/Force Curve mode to adjust the ramp settings. You
can select points on an image, ramp each point, and create
a force curve for each point.

Image Channel
Ramp Channel
Multiple Shoot

Select the channel to use for the image.
Select the channel to use for the ramp display.

Number of force curves collected at each point, 100 max.
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Capture Image and
Ramp

Capture Image

Ramp

Capture

Point Parameters

Line Parameters

Box Parameters

Clear All Marks

Save Marked List...

Click this button to capture an image and save it in the
Capture Directory, and to then capture a force curve at
each designated point.

Click this button to capture an image and save it in the
Capture Directory. After the capture the software switches
to Ramp/Force Curve mode.

Click this button to ramp a variable determined from the
force curve menu at each point.

Click this button to ramp each point, capture the ramp/
force curve, and save it in the Capture Directory.

Image Cursor Mode Settings:
Mark Only —Select points of interest on the image.

M/Ramp—Select points of interest. Software will auto-
matically ramp each point.

M/R/Capture—Select points of interest. Software will
automatically ramp each point and capture a ramp/force
curve.

Draw a line to select specific points on an image.
Point Number—Number of points in the line.

Spacing—The distance in nm between each point. All
points are equidistant.

Clear Path—This button clears the current line and asso-
ciated points.

Convert to Points—Places & in the location of each
point in the line. The line disappears.

Draw a box in the area you want to place a group of points.
You can use the parameters below to create a grid of
points.

Row Number—Designates the number of rows of points
in the grid.

Column Number—Designates the number of columns of
points in the grid.

Row Space (nmj}—Designates the distance in nm between
each row of the box.

Col Space (hm)}—Designates the distance in nm between
each column of the box.

Clear Path—This button clears the current box and asso-
ciated points.

Convert to Points—Places & in the location of each
point in the grid. The box disappears.

Removes all user-defined marks from the Point and Shoot
image.

Save the marks on the image as Path Files (*.psm).
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3.24

Load Marked List... Opens and loads a previously saved Path File (*.psm)
which contains marks on a Point and Shoot image.
Note: If there are points on the image prior to selecting this
option, when this button is selected the saved marks will
appeaiin additionto the previous marks.

Two options are available for moving, in XY, from one point to another:
1. XY MOVE ON SURFACE: OFF - Move with tip at home (lift) height.

2. XY MOVE ON SURFACE: ENABLED - Move on surface with Z feedback on $egure 3.2f

Figure 3.2f Ramp Parameters > Auto > XY move on surface

B Auto
— Columns 5
— Rows 1
— Column step 0,309 Y
— Row step 02982 W
— Threshold step O
— Capture off

— XY move on surface Enabled

Cantilever Tune

The Cantilever Tune command allows determination of the cantilever resonant frequency and the
setting of the operating point for TappingMode feedbackKggpee 3.29. In addition, it is

possible to determine the spring constant of a Contact Mode cantilever quickly and easily.
Cantilever Tune sweeps the cantilever drifiequency over a selectable range, then displays a plot
of the cantilever amplitude versus drive frequency on the Display Monitor. This command is
enabledonly when theMicroscope modeparameter on th@ther Controls panel is set to

Tapping. On Small Sample MultiMode SPMs, verify that the switch located on the base is toggled
toTM AFM before selecting th€antilever Tune command.

Note: The sweep channel is determined by the data selection Ghtrenel 1,
Channel 2 or Channel 3control panels.

Figure 3.2gshows how the maximum amplitude is attained in air at the cantilever natural
resonancekigure 3.2hshows the amplitude is reduced when it is in contact with the sample
surface.

46

Nanoscope Software 6.13 User Guide Rev. D



Realtime Views
Views for Scanning

Figure 3.2g Tapping Cantilever in Mid-air

Laser

Photodiode
Detector

Tapping Piezo

1484410

Cantilever
Resonant
Deflection

Figure 3.2h Tapping Cantilever on Sample Surface

Laser

Photodiode
Detector

Tapping Piezo

CantileveRih
Resonant
Deflection

In TappingMode, the optical lever technique reflects a laser beam off the back of the oscillating
cantilever, thence to a segmented photodiode. The differential signal between the top and bottom
photodiode segments provides a sensitive measure of cantilever deflection. As the sample is
scanned, analog circuitry determines the RMS value of the rapidly changing cantilever deflection
signal. The RMS value of the cantilever deflection signal corresponds to the amplitude of the
cantilever oscillation. Changes in amplitude of the cantilever oscillation is controlled by the
feedback system to track the sample surface.

Access theCantilever Tune dialog box by selecting thRune icon or by selecting
|"|||"| Tune...from theRealtime menu.
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Figure 3.2i Cantilever Tune Dialog Box

: Cantilever Tune [Z1=]
1.5 B Auto Tune 1
Start frequency 0.000000 kHz hn
End frequency 500,000 kHz Auto Tune
T arget amplitude 1.00%
Peak offset 5.00 % Parameters
1 L Minimum 0 0.00 B
B Channel 1
|- Data tvpe Armplitude
L Datascale 1.500 %
B Channel 2
0.5 | Datatwpe Phase
L Datascale 360.0°°
B Graph
|- Swesp output Drive frequency
v - Swesp width 1.00000 kHz
643 G644 G645 646 B47 G4A EB4A 65 651 652 KHz [ Diive frequency B4.7112 kHz
Center Peak | - Swesp sample count 512
o - Units Metric
L pause between steps 1500 ps
B Sweep
|- Intearal gain 0.3506
100 |- Proportional gain 0.4008
|- Look&head gain i
- Bias 0 miv/
I Input igain a
o I Input pgain 1]
- amplitude setpoint 0.5000%
- amplitude limit 2.000v
. |- TM Deflection limit 20.00v
|- Phase limit 380.0°
|- Diive phase 16.23¢
- Diive amplitude 82.85 mv |
® L Lock-in Bw/ 1500 Hz
643 644 645 B46 B47 B48 548 65 BSA BS54z Ul oo
S __ZewPhase | -ﬁode - I @ tune stan frequeney | 0000000 kHz
= Mone ¢ Offsst { Zoomln € ZoomOut | Ercciie || 2 (o [~ Qtunsendfrequency | 500.000kHz |
 Interl |- Use Sweep Frequency  Disabled =1

ONTROL MOT ACTIVE

Auto Tune =P aua Tune
Button

Exit

Lompute 0 | Save Curve

Step Matar

Adjust O
Elestare ) o]
il &) Eorite] D

Cop, Senven Red,
Bias Freauency

5 Ct | Laehing Fhasd
A2 s .

Mode Box More Button

Select Cantilever Tune Dialog Box Definitions:

Mode box Toggles the Auto Tune signal from the main to interleave sig-
nals.
Settings
Main— Displays the set of parameters applied to the main scan
(seeSection 3.2.8

Interleave—Displays a duplicate set of parameters applied
only to the interleaved portions of the scan.

Auto Tune Button Executes the automatic tuning procedure: the cantilever is
excited through a range of frequencies beginning at the Start
frequency and ending at the End frequency.
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Auto Tune Parameters:

Start Frequency
End Frequency
Target Amplitude

Peak Offset

Minimum Q

Smash Width Factor

Starting point of théuto Tune frequency sweep.
Ending point of théuto Tune frequency sweep.

Targeted output signal amplitu@e the photodiode detectdrhis value
shouldnot be confused with Drive amplitude, which is the amplitude applied
directly to the cantilever itself (see Drive amplitude).

Range and Setting8.00t0 8.00 V

Note: Dimension Series SPMs, nominal = 2.00V
Small Sample MultiMode SPMs, nominal = 3.00V

Percentage of cantilever’s free-air resonant frequency to be automatically off-
set. Peak offset is used to compensate for changes in resonance before
engagement due to the tip’s interaction with the surface after engagement.

Range and Setting® to 50%; typical value =1 t0 2%

Q is the value defined by the amount of oscillation it takes for a wave to drop
to 1/e (e = 2.718) of its amplitude value (i.e. a wave with an amplitude of ten
would have a Q of 10/e, or 3.6788). Minimum Q establishes a minimum
“width of peak” value allowed by the AutoTune function. Peaks not meeting
the Minimum Q may be ignored by setting the Smash Q factor.

The width of the area beneath the wareshedset to zero) when a peak not
meeting the Minimum Q requirement is found.
Note: This parameter does not appear if Minimum Q is 0.
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3.25 Electric Tune

Theory

When evaluating Surface Potential, you can now tune the cantilever electrically. Traditional
cantilever tune oscillates the cantilever via tapping piezo materidrigee 3.2). Electric Tune
sweeps the frequency of the electric field surrounding the cantilever. The force of the electric field
moves the cantilever. The cantilever amplitude is then plotted Geheric Sweepdialog box.

Figure 3.2] Cantilever Tune Method Comparison

Traditional Cantilever Tune

Electric Tune

\ Electric Field

1484-410
1484-410

Piezo Material Oscillates the Cantilever Electric Field

Change the Electric Field Frequency
to Oscillate e the Cantilever
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Procedure

1. While evaluating Surface Potential in Realtime mode, sRkeakTime > Generic Sweep
TheGeneric Sweepialog box will display.

Figure 3.2k Typical Generic Sweep

i Generic Sweep HE
25 B Channel1
Amplitude
m, L Datascae
E B Channel 2
F Data type Phase
— Data scale 3600
18 B Graph
— Sweep output Drive frequency
, = Sweep width 0.676532 kHz
— Sweep center E7.E805 kHz
— Tip offset 25.00 nirn
05 B Sweep
— Bias 0 my
— Analog 2 o
v = Input igain 01000
67 4 B7.5 BT B 7T B78 B7.8 B8 kHz E Input poain 1.000
__ConterPeak | b Drive frequency B7 B05 kHz
200 — Drive phase 91168
= Drive ampliude 108.0 m
" \
o
-100
-
674 B7.5 B7E 77 678 678 B8 kHz
Fero Phase Mode
= Main

|'Eulsﬂr tad

{ Mone ¢ Offset € Zoomln © ZoomOut Execute

" Interleave

At e Exit Compute @

Save Curve

More >

Interleave Mode

2. IntheGeneric Sweepialog box, set thBweepparametergnput igain andinput pgain to
0. This disables the Surface Potential feedback loop, which works to keep the cantilever's
amplitude at zero.

3. Selectnterleave as theMode (seeFigure 3.2k

4. You can adjust several parameters to acquire interesting data:

e Try changing thé®ata Scale Drive PhaseandDrive Amplitude (seeFigure 3.2).

e Try changing the channel. For example, Erada Type can be changed fotertial
Input.

e Try sweeping another channel. For example, sgbthph parameteBweep Outputto
Bias (seeFigure 3.2).
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Figure 3.21 Electric Tune Generic Sweep while adjusting the Drive Amplitude and Drive Phase

1 Generic Sweep HE
500 B Channel1
'— [rata type Amplitude
L Data scale 0.5000Y
4o Channel 2
|— Drata type Phase
200 L Data scale 36002
Graph
Sweep output Drive frequency
200 Sweep width 1.40000 kHz

Input igain
|nput pgain

BT B7 2 B7 4 B7 B
Center Peak

10.9312 kHz |
L Tip offset 25.00 nm
100 Sweep §
m¥ |
E7 8 =5 E82 kHz L ——
]

10.9312 kHz

200
oe

100

-100

BT 672 6&74 E76 678 =] 682 kHz

Zero Phase I Mode
Cursor Mod © Main
@ Irterleave

 More  Dffset © ZoomIn  Zoom Out Executel

AUt TneE Exit | Compute d | Save Curve

Note: Remember to re-enable thput gainsbefore collecting further Surface
Potential data.

More >

3.2.6 Scan View Interface

The ScanView display includes an image viewer, color bar, scope viewer, vision control viewer

(for systems configured with vision controls), and numerous parameters to configure Realtime data
collection. Most SPM operators use only a few of these parameters to obtain images. The
parameters within each tab are also microscope-specific or level-access dependent and may be
greyed out or hidden, depending on microscope configuration.

Scan View Interface:

Image Window During scanning, the Realtime image of the sample appears along with a cur-
sor. The cursor moves along the image vertically to show the engaged tip posi-
tion on the surface. THdeasure button allows you to make line
measurements. THata Zoom button allows you to “zoom in” to a smaller
view, but doesn’t change the scan size. Faebutton allows you to pan over
to other areas of the total scan if you are zoomed in.
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Color Bar Sets the color table for viewing height data in the image window. Left-click
on the color bar and drag the mouse left or right.

Image Parameters Configure options below the image window to select the channel and image
display values, (e.dPata type, Line direction, Data scale and so on).

Vision Window The Vision window displays the Optics copedata. Select théideo or
Scopeor Line Plot button.

Figure 3.2m Scan View and Main Controls

i Real Timel : Scan [_[O]x]
Diata Zaom 5.0V

[ Vides Seope Line Plot

Main | Scan | Channels | FesdBiack | Gther | Fietracted

i~ Parameter contrals———— (- Scan controls

Scan size 0176Y

Engage
Scan ate 1.00Hz
S amplesline 756 Freme Doy

Lines: 256

Famelp
Aspect ratie .00

T 1

0o Zoam Offeet 36.6 nm Integral gain: 04000 Capure

Data type: TH Defle ~|  Channel |1_ [mage Scope Lines Prapartional gain 0.6000
Sean line: Man | Datascal: [5000V  Realims planefit  [Line Arplitude sstpoint [2.000 Withdraw T

Line diection: [Trace =] Datacenter [0V Offfine planeit Ful ™

HE

Extended

User-Defined Parameters in the Scan View

Clicking on a parameter and then dragging the mouse back and forth increases or decreases a
parameter value much like an old analog slider. The significance, range of acceptable values, and
specific information about control panel parameters are discussed in this section.

Paameters listed in th8cantabs depend on the microscope selected an8ber All Items

function (right-click on tab interfaceShow All). Parameters necessary for one style of microscope
are not applicable to another. For exampleDhee frequency andDrive Amplitude parameters

are enabled on thifeeedbacktab only when thenode is set to TappingMode.

Some users find operating an SPM less confusing if the number of parameters is limited to only the
most essential ones. For this reason, Ma tab in theScan Viewcontains user specified
parameters.
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3.2.7 Scope Trace Plot

Select theScopebutton inScanView (seeFigure 3.2 for a scope to display a plot versus the
probe position in an oscilloscope-type format on the image displayiges 3.2).

Figure 3.2n Scope Grid

75 Nanoscope - Workspacel [_[o[x]
File Yiew RealTine Acouie Andyze Tools ‘Window Help

9DEEI = qle -

) Heal Timel : Scan-! Slngle

2 x| B e m ) e B

x

~ Sean controls -

5
can size; 15.0 um [
Seanrate 1.000 Hz

e1 =
& Navigate o Video [ Fleae Line Plat @ e |c
£ scan o e =~ Tetracs |
£2 Scan-Sine -
150
100
S0
0
50
-100
am
2 4 B ] 10 12 14 pm
Main | Scan | Channels | FeedBack | Other | Fietiacted
Samplesdling: A
Lines:
Frame Up
Aspest alia |wu—

Zoam Offset 15.0 I-lm Integral gain: 1.000 Ea
Datatype:  [Heght  |v] Chamnek[1 | lici Scope Lines Propartional gain:

Wert Defl. D.0BY

Seanliee: [N ] Datascale: [5717rm | Reatimglolanefic[Line |~ | Deflection setpoint  [1000v itk T Horz Defl: 0.40Y

HEE ]

Line ditection: [Fetace |7 Data center: [0 rm Offine eft [l = eutended -
41 | &
| Tigis Withdiavin [ [273515um [Optics: H256.5um [ 5401 um Y 60484um [T Gecwed  |Capluie: OF | Tik: [File: Date/Time [Scope: Extendes 7

Scope Trace Interface

By right-clicking theScopegrid, you will get a menu of different options (Seigure 3.29.
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Figure 3.20 Scope Grid Parameters

Colar r
Filker »
inor Grid

Scale...

W Tramslate

Line Stwle. ..

Iser Preferences  #

Copy Clipboard

Prink
Expart L4
Active Curve 4

These menu options allow you to make the following changes:

Color Allows operator to change color of:
e Curve (data)
e Text

e Background

e Grid
e Minor Grid
e Markers
Filter Typically used for a Profiler Scan.

e Type—Allows the user to plot the mean, maximum or
minimum y-value per x-value.

e Points—Allows user to plot multiple vertical axis (y-)values
at each horizontal axis (x-)value. Select 4K, 8K, 16K or 32K
Points to limit the display to 4, 8, 16 or 32 times 1024 points.

Minor Grid Places a minor grid in the background ofigion Window.
Scale Allows user to auto scale, set a curve mean, or set their own data range.
Y Translate Offsets the curve by placement of vertical cursor on the grid. Grab vertical

cursor in the black space above the grid and pull down onto grid.

Line Style For each curve, operator can choose, connect, fill down, or point.
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User Preferences

Copy Clipboard
Print
Export

Active Curve

Restore—Reverts to initial software settings

Save—Saves all changes operator has made during this session. This

becomes the new default settings.

Copies the grid image to the Microsoft Clipboard.
Prints out the current screen view to a physical printer.
Exports data in bitmap, JPEG or XZ data format.

Determines which curve you are analyzing.
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3.2.8 Main Tab Interface

Figure 3.2pshows an example of parameter controls and settings for scanning in TappingMode.

Figure 3.2p Main Controls Panel

Main |Scan I Channelsl FeedBackI Dther I Retracted
— Parameter controls—————————— [~ Sean contolz
Scan size: |4_?9 W
i Engage !
Scan rate: |1.DEI Hz : :
Samplez/line: |255 Frame D awn
Lires: | 256
. Frame Up
Azpect ratio: 1.00
Integral gain: |1 .0oa Capture
Propartional gain: IIJ
Amplitude setpoint: |2.DDD W sadithdiaw a9y
Extended
Engage Button TheEngagecommand brings the tip into contact with the sample surface and
starts the Realtime imaging process.
Withdraw Button TheWithdraw commandstops the scanning process and withdraws the tip

from the surface.

Frame Down Button The Down commandrestarts the Realtime scan at the top of the frame. This

allows you to go directly to the start of the frame and not have to wait for the
previous frame to end.

Frame Up Button TheUp commandrestarts the Realtime scan at the bottom of the frame. It is

an easy way to begin a view an entire Realtime frame from the bottom. By
clicking on this icon, the Realtime scan restarts and moves up at the bottom of
the frame. This allows you to go directly to the start of the frame and not have
to wait for the previous frame to end.

Capture Button The Capture commandstores the image data of the current scan. During the
image scanning process, the cursor moves up and down a square image frame.
When the cursor moves up or down one complete fram@apture is com-
plete and an image file is saved.

Capture Cancel Button The Capture Cancelcommand stops the capture process.

Rev. D Nanoscope Software 6.13 User Guide 57



Realtime Views
Views for Scanning

Procedures to Set the Main Tab

The parameters in thdain Control panel (seé&igure 3.2¢ are unique to your specific needs.
Configure specific parameters as follows:

1.

2.

Right-click in theMain Control panel.
In theParameter list, verify eachScan Viewtab name.

Expand the desired tab hame by clicking on the plus (+) sign next to each name (i.e., Scan,
Feedback, Interleave, etc.) to view a list of parameters.

Highlight the desired parameters for viewing onNftaén Controls tab.

Note: Only eight parameters may be selected. Therefore, take note of the most used
parameters to view in thdain Controls tab.

With the parameter selected, click the double arrows (<<) to position the selected parameter.

Repeattep 2- Step Sfor displaying eight main controls parameters for viewing during the
scanning process.

SelectOk to accept the changes@ancelto revert to the previous view.

Figure 3.2q Select Scan View Controls

Select Custom Control Parameters EHE
Parameter controls Farameter List

IScan: Scan size ﬂ H Scan

H Fesdback
IScan. Sicar rate ﬂ B Intereave
IScan: Samples/ling ﬂ B DOther

H Drive feedback
IScan: Lines ﬂ H Auto Gain

H Channel 1
IScan: Agzpect ratio ﬂ M Channel 2

H Channel 3

IFeedback: Integral g ﬂ
IFeedback: Froportio ﬂ
IFeedback: Deflectio ﬂ

ok Cancel |
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3.2.9 Scan Tab Interface

The Scantab (sed-igure 3.2y includes parameters influencing piezo movement and data
acquisition, as well as the ability to execute non-square scangabhimnel is probably the most
frequently used panel, as it controls what type of scan to run, how large the scan is, its angle, scan
rate, and number of samples per scan line.

Figure 3.2r Scan Tab Parameters

Main ~ Scan IChanneIsI FeedBackI Other I

B Scan
— Scan size 15.0 pm |
— Aspect ratio 1.00 |
— ¥ offset -386.955 nm |
— Y offset -397.125 rm |
= Scan angle 0.00# |
= Scanrate 1.000Hz |
— Tip velocity 30.0 pmés |
— Samples/ling 128 |
— Lines E4 |
— Slow scan axiz Enabled |

Scan Tab Parameters

Scan size Determines the size of the scan by controlling the voltage applied to the
X and piezos.

Range or Settings
 0to440V
¢ 0toXXum (scanner-dependent)
The units of this parameter are volts if theits parameter@ther Con-
trols panel) is set tvolts. The units are linear distance (hmuon) if
theUnits parameter is set tdetric.
See alspOptimizing the Scan Size Paramaiaipage 85
Aspect ratio Controls the width-to-height size ratio of scans /gkect ratioto 1.00

for square scans. Akspect ratio of 2.00 yields scanned images having
width equal to twice the height.

Range or Settings: (depends upon the number of scan line&p6
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Figure 3.2s Aspect Ratio Example

NU(0)) )

IHHA-DNNN] 800

7

1.00
k Alllll.lllll 16.00
Figure 3.2t Scan Angle Rotated Example.
X offset, Y offset Controls the center position of the scan in the X and Y directions,

respectively.

Range or Settingx220V, + XXum (dependent o8can sizeand
scanner).

See alsoQptimizing the X Offset, Y Offset Parameterpage 85

Scan angle Controls the angle of the X (fast) scan relative to the sample.

Range or Setting$ to 359° (Any angular value can be entered with
the keyboard)

Changing this parameter can dramatically affect the quality of
images due to tip effects (tip side wall angle).

Setting this parameter to a setting besides 0 or 90° may reduce the
maximum allowableéscan sizel0-20 percent due to corner con-
straints (se&igure 3.2\

Scan rate The Scanrate sets the number of fast scan lines performed per sec-
ond. When the Scan rates are low, it can take a fairly long time to
scan an entire frame. For example, With$ean rateset t00.5Hz
and theNumber of samplesset to512 it can take over 17 minutes
to capturea single image.

Range or Setting®.1-237Hz depending on the number of
Samples/line

See alsoDptimizing the Scan Size and Scan Rate Paranmi@age 85

60 Nanoscope Software 6.13 User Guide Rev. D



Realtime Views
Views for Scanning

Lines Selects the number of lines to scan in a frame Llines parameter

reduces resolution along the Y axis. It also speeds imaging (or frame
rate) and reduces the size of the resulting image file.

Range or Setting2 to 1024 The maximum number of lines may be
limited by the value foBamples/line

Tip velocity Velocity of the tip (in um/s) as it scans over the surface.

WhenTip Velocity is changed, th8canRate adjusts automatically.

Samples/line Selects the number of sample data points per scan line.

When this parameter is changes, the number of scan lines per image
(Lines) are automatically adjusted to maintain the same ratio
between the samples/line and lines per image.

Range or Settingd 28to 16384 This setting influences the memory
size of captured files and image resolution (Ezlele 3.2n

Table 3.2a File Size/Samples per line

File size (for square
Samples/line value scans, including 8K

header)
128 40Kb
256 136Kb
512 520Kb

Note: Samples/lineshould be kept at 512 or higher for high resolution scans. To
increase the frame rate (rate at which complete images are generated), the
Lines parameter should be reduced. Whernltines parameter is reduced, file
sizes inTable 3.2&are reduced accordingly.

Slow scan axis Allows the slow scan to be disabled, causing the fast scan to be
repeated continuously at the same position. This means that the image
displays the same line continuously. Images may be presented either as
“true” X-Y renderings of the sample surface (Enabled), or as
“stretched” single-line scans of length equal toSkan sizgDis-
abled).

Range or Settings

e Enabled—Sample is scanned in the slow scan
direction. (This is the normal setting of this parameter.)

« Disabled—No scanning of the sample in the slow
direction is performed. The fast scan is repeated at the
same position.

Note: Disabling theSlow scan axisand viewing the&scope Modedisplay is a
convenient way of setting tlieeedbackGain parameters.
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The advantage of using tBéow Scan Axis> Disabledparameter is to emphasize one area (line) to
adjust SPM parameters. For example, an area of the image appears fuzzy (believing SPM
parameters are not optimized for the saméablethe Slow Scan Axis view the image in
Scopemode, and reconfigure scan parameters to optimize the scan.

Note: Setting theSlow scan axiparameter t@isablestops the slow scanning of the
piezo, but does not stop the movement of the Realtime display in Y. Lines are
replicated in the Y direction.

3.2.10 Channels Tab Interface

The Channels tab (s€&gure 3.2) consists of parameters for three channels. Each channel
represents a unigue scanning image. Up to threeCiteanelsmay be opened by selecting each
channel and choosing a data type to view simultaneously, opening up Realtime 3 times. Channels
are numbered, 2 and3 and feature their own control panels. When a Data type is selected on a
Channel, its image appears on the Display Monitor. It is possible to have up to three separate
images from each scan. For example, a TappingMode scan might simultaneously pghesgnt a
image onChannel 1, aDeflectionimage onChannel 2 and arAmplitude image onChannel 3

Paameters shown on ea€lihannel control panel vary slightly, depending upon the type of
microscope selected and its operating mode.

Figure 3.2u Channels Tab

M ain | Scan I FeedBackI Other I

H Channel 1
= Data type Height |
= Data scale 871.7 nm |
= Data center 0 nim |
= Line direction Retrace |
~ Scan line b zity
I~ FRealtime planefit Lire |
— Offling planefit Full |
— Highpass filer off |
— Lowpazs filter Qff |

B Channel 2

B Channel 3
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Channel Tab Parameters

Data Type Settings vary, depending upon the microscope selected and operating mode
as shown in the field descriptions below. Trega type parameter may
receive: no dataff); sample-height datdlgight); cantilever oscillation
amplitude data for TappingModArfiplitude); cantilever deflection data
(Deflection); STM current dataCQurrent); phase dataPhase.

See alsoDptimizing the Data Type Parameterspage 86

Data Type Range or Settings

Amplitude (TappingMode
and Force Mode only)
Current (STM only)

TM Deflection

Height

Off

Phase (MFM, EFM)

Potential (EFM)

Thermal
Deflection

Friction

The RMS of the cantilever amplitude signal is displayed and captured.

Data displayed and captured is the tunneling current generated by the pream-
plifier. (When set t@€urrent, the units of the data and\.)

Cantilever deflection signal data is displayed and captured. (WhenTdét to
Deflection the units of the data are in distance or volts.)

The Z piezo voltage set by the feedback calculation in the Digital Signal Pro-
cessor (DSP) is displayed. (The displayed data comes from the voltage output
to the Z piezo.) Units are distance (ergn, pm, etc.). Standard imaging of
topography.

Channel is turned off.

Phase data from oscillating TappingMode tips, generally used with Magnetic
Force Microscopy (MFM) and Electrical Force Microscopy (EFM), is dis-
played and captured. This setting appears when the microscope is configured
with an Extender™ Electronics Module.

Surface potential data is displayed. (For detailed information on Surface
Potential or EFM features, see Support Note EBctric Force Microscopy

on the MultiMode Systems

Temperature data from thermal tips is displayed and captured.

Cantilever deflection signal data is displayed

Torsional deflection signal data is displayed
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Data scale

The Data Scale controls the Z scale corresponding to the full height of the dis-
play and color bar.

Range or Settings

* 0.0067to 440V (Data type set toheight Units are set to
volts).

e XX toXXX pum (Scanner dependent; whddata typeis set to
height Units set tometric).

e XX to XXX um (Sensitivity dependent; where tBata type
is set todeflectionor amplitude Units are set tanetrig.

« 0.0000381502.5Vor 20V (Data typeset toamplitude Units
set tovolts or deflection

e 0.0031to 200nA (Data type set tocurrent Units are set to
metrig).

e 0.0003052\t0 20V (Data type set tocurrent, Units are set to
volts).

See alspOptimizing the Data Scale Parametenpage 86

Data center

Line direction

Scan line

Offsets centerline on the color scale by the amount entered.
TheData Center offset doesiot become a permanent part of the data.
Range or Settings

o +220V
e+ TappingMode
Selects the direction of the fast scan data collection that is displayed in the

image.

The feedback calculation is always performed regardless of the scan direction.
This parameter simply selects whether the data is collected on the trace or the
retrace. This parameter selects the relative motion of the tip to the sample.

Range or Settings

e Trace—Data is collected when the relative motion of the tip is
left to right as viewed from the front of the microscope.

¢ Retrace—Data is collected when the relative tip motion is
right to left as viewed from the front of the microscope.

The scan line controls whether data fromMen or Interleave scan line is
displayed and captured.

Range or Settingdlain or Interleave

This parameter is not selectable whenltiterleave modeparameter is set Disable The system is locked
on theMain scan lines whenever the interleaved mode is turned off.
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Realtime Planefit Applies a softwaré¢eveling plango each Realtime image, removing up to first-
order tilt. Three types of planefit are available to each Realtime image.

Range or Settings
*  None—Only raw, unprocessed data is displayed.

»  Offset—Takes the Z-axis average of each scan line, then subtracts
it from every data point in that scan line.

* Line—Takes the slope and Z-axis average of each scan line and
subtracts it from each data point in that scan line. This is the
default mode of operation, and should be used unless there is a
specific reason to do otherwise.

Offline Planefit Applies a software “leveling plane” to each captured image for removing up to
first-order tilt. Three types of planefit are available to each Offline image.

Range or Settings
*  None—Only raw, unprocessed data is displayed.

»  Offset—Captured images have a DC 21 offset removed, but they
are not fitted to a plane.

*  Full—A best-fit plane which is derived from the data file
subtracted from the captured image.

See alsoQptimizing the Offline Planefit Parameterpage 86

3.2.11 Feedback Controls Tab Interface

The Feedback Controlsparameters allow for monitoring the signals betweemMN#mreoScope

Controller and the cantilever. These signals adjust the setpoint, oscillation frequency, drive voltage,
Z response for surface tracking, and output voltages. The purposeregtitzack Controlsis to
maintain a constant setpoint (deflection, amplitude, or current) iFeigback Loopfor tip/

sample control and tracking optimization.

Figure 3.2v Feedback Controls Tab in TappingMode
BT | Scan | Channels FeedBack |Dther |

B Feedback
- Z Modulation Dizabled |
— SPM feedback Amplitude |
= Input feedback Off
= Integral gain 1.000 |
I~ Proportional gain I |
— Lookdhead gain I |
— Amplitude setpoint 1.000% |
= Drive frequency 269.581 kHz |
= Dirive phase 118.8° |
L Drive amplitude 289.0 mv |

H Interleave

B Diive feedback
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Feedback Control Parameters

Z Modulation (Fluid TappingMode
only)

SPM feedback

Allows the user to add the drive oscillation signal to the Z piezo
voltage. This parameter is used to set up fluid cell oscillation in
any Dimension system for Fluid TappingMode.

Range or Settings

*  Enabled—Enables Z modulation. Drive
oscillation signal (Drive Frequency) is added to Z
piezo voltageWhen enabled, the Z limit must
be set< 420V

e 0—Disables the Z modulation (i.e., no additional
signal is added to Z piezo voltage).

The desiredrive amplitude andDrive frequency voltages
(Realtime > View > Sweep> Cantilever Tune) need to be set
for Fluid TappingMode operation.

Selects the signal to be used for tip feedback according to the
selectedMlicroscope modeparameter@ther Controls panel).
For Contact AFM, the choice defaultsDeflectiony however, for
TappingMode, you may select either fheflectionor the
Amplitude. STM offers three choices of feedback: Linear, Log
and Boost.

Range or Settings

e TappingMode—Amplitude, TM Deflection-
Phase(Forcemod only)

e Contact Mode—Deflectiononly
e STM—Linear, Log, Boost

Linear—The linear difference between the instantaneous tun-
neling current and th&etpointcurrent is used in the feedback
calculation.

Log—The difference between the log of the instantaneous tun-
neling current and the log of ti&etpointcurrent is used in the
feedback calculation.

Boost—Optimizes the feedback performance for tgglan
ratesover rough surfaces. This is not intended for atomic images.

See alsdOptimizing the STM Feedback Parametmipage 87

Input Feedback

Integral Gain

Controls Frequency Modulation (MFM or EFM) and Surface
Potential.

Controls the amount of integrated error sighal used in the feed-
back calculation.

Range or Setting® to 1024
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See alsdQptimizing the Integral and Proportional Gampage 87

Gain settings vary, depending upon the scanner used, the sample and scanner sensit@tye Selfor
approximate, nominal values (assumé&xan rateof = 2.5H2).

Table 3.2b Typical Integral Gain Ranges:

Scanner

Contact AFM and
Forcemod

TappingMode ST™M

Aa

1.0-8.0

02-1.0 03-50

a. For atomic-scale images, scan rate must be increased to approximately

60 Hz.

Proportional Gain

LookAhead Gain

Controls the amount of the proportional error signal used in the
feedback calculation. THeroportional gain term in the feed-
back calculation has equal gain at all frequencies; therefore, it
has a dominating effect over thgegral gain for high frequen-
cies (scan rates).

Range or Setting® to 1024

(Typical settings for th€roportional gain parameter are 35-
100% more thaintegral gain values).

Adjusts Z-axis tracking of the sample surface by “remembering”
previous scan line data, then anticipating adjacent surface fea-
tures on the current scan line. Look ahead gain is a valuable
assist to the Integral gain parameter when scanning regular, steep
features such as gratings and integrated circuits (e.g., by decreas-
ing tip overshooting, etc.).

Range or Setting® to 1

See alsgOptimizing the Look Ahead Gain Parameateipage 87

Setpoint

The meaning of this parameter depends on the operating mode of
the microscope as follows:

Amplitude Setpoint (TappingMode)—defines the amplitude of
the cantilever oscillation signal to be maintained by the feedback
loop. (Range0.00to 10.00V)

Deflection Setpoint(Contact Mode)—Controls the deflection-
signal level used as the constant desired voltage in the feedback
loop. (Range10.00to 10.00 V)

Current Setpoint (STM)—Controls the constant current main-
tained by the feedback loofRgnge 0.0to 100.0nA)
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Drive frequency (TappingMode and
Force Mode only)

Drive Phase (TappingMode and Force
Mode only)

Drive amplitude (TappingMode and
Force Mode only)

Bias

Analog 1, 3, 4

Aux Lockin

Drive Phase

Lockin BW

Selects the oscillation frequency applied to the piezoelectric
crystal that vibrates the cantilever.

Range or Setting®9.00to 250MHz

TheCenter frequencyis adjusted with th€antilever Tune
command to find the resonance frequency of the cantilever. The
maximum cantilever oscillation amplitude occurs at its resonant
frequency. The software sets fBave frequency equal to the
currentCenter frequencyvalue when th©k button in the Can-
tilever Tune control panel is pressed.

Selects the phase of the drive voltage applied to the piezoelectric
crystal that vibrates the cantilever.

Selects the amplitude of the drive voltage applied to the piezo-
electric crystal that vibrates the cantilever.

Range or Setting$9.00to 20.00V

TheDrive amplitude is also adjusted with th@antilever Tune
command. Increasing thgrive amplitude increases the cantile-
ver-oscillation amplitude. The cantilever-oscillation amplitude is
increased to an appropriate level with @entilever Tune com-
mand. InAutoTune, theDrive Amplitude automatically adjusts
to get a cantilever oscillation (rms amplitude) equivalent to the
user’sTarget amplitude.

Controls the sign and magnitude of the bias voltage applied to
the sample.

Range or Settings10.00to 10.00V

When used with STM, typical settings for s voltage
parameter ar20to 100mV for conductive samples and up to
several volts with poorly conducting samples. Positive settings of
theBias voltage item correspond to negative current (electrons)
tunneling from the tip into the sample on heads witlBias

applied to thesampleor Tip.

This voltage has no effect on the operation of the standard micro-
scope, but is useful in custom applications.

Range or Settings10.00to 10.00V These settings are only
displayed with either NSIV or NSIIIA with Quadrex
extender

Directs an external input signal through the auxiliary lock-in
amplifier.

The phase of the AC bias signal applied to stimulate piezore-
sponse.

The bandwidth of the effective bandpass filter centered on the
TTL level reference frequency (i.e., the cantilever drive fre-
quency in the NSIV Controller) used by the main lock-in ampli-
fier.
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InterSave Parameters Range or Settings

Several parameters (e.g. Z modulation, SPM Feedback, etc.) are highlighted by dark gray or green
background. Dark grey indicates that the parameters are coupled with the equivalent values in the
Feedback controls. By selecting (left-click) the Interleave parameters, the grey field turns green,
indicating that the Feedback and Interleave parameters are decoupled and the value in those
parameters will be used as feedback during the interleave scan line.

Interleave Mode

Interleave—Adds a second, interleaved set of lines to the scan, which can be accessed
from the Channel panel and captured as data. Invoking Interleave reduces the slow axis
speed by one-half and doubles the capture time.

Lift— A variant of Interleave, the Lift option uses the first set of scan lines to detect the
surface, then lifts the probe above the sample surface on the interleaved set of scan lines
according to the Lift start height and Lift scan height parameter settings. During the
Interleaved scan, the tip mimics the surface topography from the previous surface scan
line (seerigure 3.2v.

Figure 3.2w Interleave Lift Mode

—
—
(-_

e N

Linear—Lifts the tip to a predetermined height and runs the interleave scan at that
height.

Disabled—Turns off the interleave scanning.
Retrace Lift—Lifts after the trace scan in the retrace direction. This parameter is

optimized with theRounding parameterNlicroscope > Calibrate > Scanner>
Rounding). The suggested rounding settin@i&
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Figure 3.2x Retrace Lift Mode

|
I 1
1 '}
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e * _— o e ol
Lift scan height Specifies the tip’s height above the sample surface during interleaved scans.

This parameter is in effect ONLY when the Interleave mode parameter is set
to Lift, Linear, andRetrace Lift (seeFigure 3.2Y.

Range or SettingXXum (Scanner dependent)

The maximum meaningful value of the parameter depends on the Z voltages
applied in theMain scan line and the maximum voltage that the system can
output. The maximum voltage that can be applied to the piezo is +220V. It
will be lower if the Z voltage is restricted by tAdimit parameter.

Figure 3.2y Lift Scan Height Illustrated
Interle}aued
scan

Lift scan
height

Lift start height Specifies the height that the tip is to be lifted above the sample surface at the
start of each interleaved scan. Generally, this parameter serves to lift the tip
clear of any contamination layers present on the sample before assuming its
Lift scan height during interleaved scans. This parameter is in effect ONLY
when thelnterleaved mode parameter is set ldft andRetrace Lift. This
parameter defines an offset from the Z voltage, or height, applied to the piezo
on theMain scan line.

Range or SettingXXum (Scanner dependent)
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Figure 3.2z Lift Start Height lllustrated

-
f"'
~~"Main scan

-
F

Interleaved SEEV‘ .~

Tips for Using the Lift Start Height Parameter

« This value can be left at zero for TappingMode and STM. It is generally only used for
Contact AFM to break the tip free of the adhesive force produced by the water layer
before settling to the final tip height.

e The maximum meaningful value of the parameter depends on the Z voltages applied in
theMain scan line and the maximum voltage that the system can output. The maximum
voltage that can be applied to the piezo is +220V. It will be lower if the Z voltage is
restricted by th& limit parameter.

The tip will go through this height at the start of every lifted scan line, then proceeds to the lift scan
height for the rest of the scan line.
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3.2.12 Other Tab Interface

The Other Controls parameters set the type of microscopy, Z tracking limits, units to use in
measuring and other parameters specific the to microscope mode (i.e., the parameters that appear in
the Other Controls panel will vary from one microscope to another). InWarkspacemenu,

selectR0O01 Time In theRealtime Scanwindow, select th®ther tab.

Figure 3.2aa Other Tab

[ ET IScan IChanneIsI FeedBack Other I

B Other =
— Microzcope mode T appirg
— 2 limit 5.500 umn
— Fk igain 1]
— FM pgain 0
— Amplitude limit 2500
— llumnination 21
— Unitz b etric:
— Engage Setpoint 1.00
— Bidirectional zcan Dizabled |

= Scan line shift 0.00

— Tip zenal number

= Seral number wnnls

— Min. enaaae aain 2.00 | LI

Parameters in the Other Controls Tab:

Microscope mode Selects the type of microscopy to be employed. Switching this parameter
enables/disables other parameters. AlsdVialiiMode SPMs, any change
to theMicroscope modemust be accompanied by use of the mode selector
switch on the microscope’s base.

Range or Settings
Contact, Tapping or STM

Z limit Permits attenuation of maximum allowable Z voltage and vertical scan range
for achieving higher resolution (smaller quantization) in the Z direction.

Range or Settings

11 to 440V (with Units set to Volts) for the XY Closed loop head
11 to 330V (with Units set to Volts) for the XYZ Closed loop head

FM igain Integral gain for Frequency modulation. Controls the feedback loop that uses
phase electronics.

FM pgain Proportional gain for Frequency modulation. Controls the feedback loop that
uses phase electronics.
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Deflection Limit Use this parameter for attenuating the input voltage signal (appears only
when performing Contact AFM).

Range or Settings
. 2.500V to 20.0V for regular imaging
. 20.00V inForce Modeonly

Amplitude Limit Use this parameter for attenuating the input voltage signal (appears only for
TappingMode or STM).

Range or Settings
e 2.500V for regular imaging
e 20.00V inForce Modeonly

lllumination Controls the fiber optic illumination of the sampleDimension series
microscopes.

Range or Setting® to 100 recommended range2§ to 50

Units Selects whether the units of certain scan parameters are in Volts or in units of
Metric distance (nm, etc.). Parameters affected include Scan size, X Offset,
Lift start height and Lift scan height, Y Offset, Data Scale, Z Limit, Z Scan
Start, Ramp Size, Column Step and Row Step.

Range or Settings
¢ Volts—Parameters are in \olts.

¢ Metric— Parameters are in units of distance (hm, um, etc.)
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Engage Setpoint (Tap- Allows the user to correct for loss of tracking on engage due to sample dif-

pingMode only)

Bidirectional scan

Scan line shift

Tip Serial Number

ferences. The automatithgageprocedure establishes the setpoint voltage at
the smallest possible value that detects the sample surface, resulting in a
value that protects both the sample surface and the cantilever tip. However,
this value may not be sufficient for optimal surface tracking on all samples.
The setpoint voltage determined by the autontatigageprocedure will be
multiplied by theEngage Setpointvalue, increasing or decreasing tapping
force.

Range or Settings

0.5through2.0. A value ofl.0results in no change to the tapping force. Val-
ues less thah.0increase the tapping force and values greaterlitan
decrease the tapping force. A valu®dis nominal for most samples.

Example of Engage Setpoint

TheEngage Setpoinfor a particular sample may be empirically deter-
mined. Procedures are as follows:

1. Set the Engage Setpoint to 1.0 and engage on the sample.
2. After engagement, make note of the Setpoint parameter.

3. While watching the scan, adjust the Setpoint value until the tip
tracks the surface correctly. Calculate the following:

- Setpoint value/ Starting Setpoint value = Engage Setpoint
(For optimal value, take the average of several engages on a selec-
tion of samples or different areas of the same sample).

When the Bidirectional scan parameteEimbled, data from both Trace and
Retrace scans are used to capture frames in half the normal time. Images
have alternately shifted lines, which cause features to lose some of their lat-
eral definition; however, data may be used for metrological analysis. Use to
save time while capturing images.

Range or Settings
Enabled or Disabled

WhenEnabled, features shown in images lose some lateral definition, mak-
ing point-to-point measurements inadvisable. Vertical data, however, is unaf-
fected.

Use theScan line shiftparameter to readjust images with Bidirectional
scanparameteEnabled. This will shift scan lines relative to one another to
restore some lateral definition in features.

Use theScan Line Shiftparameter to shift trace and retrace lines relative to
one another by up to 5 pixels in either direction. Units are in pixels and range
from -5 to +5. Scan line shift is used for readjusting images captured when
theBidirectional scan parameter Enabled.

Range or Settings5to +5

This parameter is generally only for images that have been captured with the
Bidirectional scan parameter set t&nabled.

Saves input in the image header (Ciao Scan List) for users who keep a tip fil-
ing system. This is to keep track of the tips used for certain images.

Serial NumberScannerCalibration file.
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Min. Engage Gain
(STM only)

Strip Chart Rate

Strip Chart Size

Allows user to engage tip tonstant heighinode. In constant height mode,
the gains (feedback) is disabled. HoweverMire. EngageGain parameter
provides for gain during engagement.

Frequency of (Z-position, deflection) data point acquisition.
Range 32kHz
Typical value 1kHz

Time interval over which (Z-position, deflection) data points are displayed.
Typical value Tens of seconds.

Note: Although the strip chart collects and displays data over the time inter-
val defined by clickingstart, then laterStop, this data is not saved for sub-
sequent use until th@apture icon is clicked. IfCapture is clicked while

strip chart data is being taken, what is saved begins at the start of the chart
(sooner than the icon is clicked).
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Auto Gain

Auto Gain automatically sets the feedback parameterggortional andintegral gain) for a
given sample.

Auto Gain works by analyzing the difference betwébace minusRetrace (TMR). The analysis

is used to choose a set of feedback parameters that minimiZédfhealue. By specifying the
starting value of théntegral gain sweep, the ending value, and the size of the increments, Auto
Gain may be used to calculate a set of useful feedback parameters.

For the purposes of this analysirpportional gain operates as a factor lottegral gain. The
relationship isProportional gain= K Integral gain wherE is a factor defined d@ro. Gain factor.

Auto Gain only requires the input of the thr€ain values in order to calculate an effective
Integral gain.

Parameters in the Auto Gain Panel:

Gain start The starting value of the integral gain sweep.

Range or SettinglRecommended settings &d 0for TappingMode, 0.5
for Contact Mode.

Gain end The ending value of the integral gain sweep.

Range or SettingfRecommended settings dr® for TappingMode, 10.0
for Contact Mode.

Gain incr. The increment step for each integral gain test.

Range or Setting®.0to 5.0, Recommended settings &4 for Tapping-
Mode, 0.5 for Contact Mode.

Pro. Gain factor  proportional gain is set to:Pro. Gain factox Integral ga

Range or Setting®.0to0 10.0 Recommended value 1s50

Max shift The percentage of pixels to shift the Retrace line to match the trace line dur-
ing the correlation routine. The more closely the Trace and Retrace lines
match, the lower the TMR will be, and the more effective the Auto Gain fea-
ture.

Range or Setting® to 0.2, recommended setting @02 (or 2%)

Gain offset Specifies the number that determines the final, best fit Integral gain. Allows a
change in the value produced by Auto Gain.

Range or Setting®.0to 2.0, recommended setting 6s95(or 95%)

Lines/gain The number of lines to test and average for each integral gain step. Optimal
settings are between 4 and 8. This, like Max shift, allows for a more accurate
determination of TMR.

Range or Settingd to 20, with a default setting &
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3.3 Tips on Using Realtime
Please refer to the following Realtime commands available on the NanoScope software:
e Using the Image InterfaceSection 3.3.1
e Multiple Channels Section 3.3.2
« Hints to Optimize the Engage ButtonSection 3.3.3
e Scan View Parameters TipsSection 3.3.4
e Channels Parameters TipsSection 3.3.5

» Feedback Parameters TipsSection 3.3.6

3.3.1 Using the Image Interface

There are various commands available for use during a Realtime scan. Below is a description of
these commands (sEeure 3.3

Figure 3.3a Image for Processing

w3 Real Timel : Scan

Main |Scan I Ehannelsl FeedBackI Other I Retracted

F ter control r— Scan contrals -

Scan size: 479Y

Engage
Scan rate: 1.00Hz
Samples/line: |258 Erame Down

Measure I I A 200V Yideo Scope | Line Plot |
256

. 8 Frame Up
Azpect ratio: |1 .oa

i I Offset I A02.3 nm Integral gain: I‘I.DDD Capture
Channel h_ Image I Scope s Proportional gair: ID

i

Lines:

AEE

Datatype:  |Height

Scan line: I ain 7| Datascale: |2D_DD W Realtime planeflt. Line j Deflection setpaint: I-I ooy Wwithdraw e
Line direction: | Trace vl Data center: IDV Offline planefit: | Full vl N

Rev. D Nanoscope Software 6.13 User Guide 77



Realtime Views
Tips on Using Realtime

Buttons

Measure Allows you to draw a line to make measurements.

Pan: From a zoomed image, the user can pan around to other areas of the original
image.

Data Zoom: Left-click, hold, and drag out a box. Release the mouse button and the
image will automatically zoom in to the area of the box. The original scan size remains
the same.

Zoom: Allows you to zoom in on a region of interest.

¢ When you selecoom a bounding box appears on the image display. Left-click on
the outer edge of the box to resize.

« Left-click in the center to reposition.

¢ Click theExecutebutton to zoom in. This updates tBean sizeandX andY
Offset parameters.

Execute Executes th&oom andOffset commands. You must select theom or
Offset button for theExecutebutton to appear.

Offset: Allows you to center the scan at the region of interest.
* When you seledDffset a crosshair displays at the center of the image.
e Left-click and hold the crosshair to reposition it.

¢ Click theExecutebutton to center the scan. This updatesttadY Offset
parameters.

Right-Clicking on the Image

By right-clicking on the image, you will get a menu that allows you to perform the following tasks:

Copy Clipboard: Copies the image to the Microsoft™ clipboard.
Tooltip Info Level:

* Basic

e Medium

e Advanced

« None
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Right-Clicking on the Color Bar

Right-clicking on the color bar along the right side of the imageRggpee 3.3awill produce a
Color button (seé-igure 3.3p. Clicking on thisColor button will open thémage Adjust menu,
where you can perform the following image adjustmentsKggpee 3.3):

Figure 3.3b Color Button

Color Scale. .

a. You can adjust the color by changing @umntrast or Offset settings.

¢ Contrast—Number (-10 to +10) designates contrast of colors in displayed image
(e.g., 0 shows little change, while 10 shows highest contrast).

« Offset—Number (-128 to +128) designates offset of colors in displayed image (e.g.,
120 shows illuminated background on image).

b. Clicking theColor Resetbutton will change all the current readings to the default
settings.

Figure 3.3c Image Adjust Menu

Image Adjustment [ %]

Color

Contrast; IEI
Offzet: IEI

Color Rezet I

c. To change the color table, position the mouse over the color bar on the right side of the
image. Click and hold the left mouse button, then drag the mouse from left to right to
scroll through the different color tables.

Using the Mouse Within a Captured Image in Measure Mode

Left-click anywhere in image Creates a line of X length, afX%f angle in the image window.
window, drag line out, and

release

Place cursor on line Displays length and angle values of line in the image window.

Place cursor on line, click Allows you to drag the line anywhere in the image window.
and hold left button, and
drag
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Click and hold on either end Changes length and/or the angle of the line.
of line and drag

Right-click Clicking the right mouse button when the cursor is on the line
accesses thienage Cursor menu (seé-igure 3.30l

* Delete—Deletes the line.
e Flip Direction—Switches the line end to end.

¢ Show Direction—Adds small arrowhead to the line to
indicate its the direction.

*  Set Colo— Allows you to changes the color of the
line.

¢ Clear All—Deletes the line.

Figure 3.3d Image Cursor Menu

Delete

Flip Direction
Show Direction ¥
Set Color r
Clear All

Using the Grid Display

Measurement cursors for tBeopeView are provided to the left and right of the Grid Display. You

can bring the cursors into the grid by placing the mouse cursor onto the measurement cursors,
clicking and holding the left mouse button, and dragging them onto the grid. When you place the
mouse cursor onto a measurement cursor, the cursor will change from a plus sign to a horizontal or
vertical arrowhead cursor, which indicates you can grab and drag this cursor.
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Right-clicking on the grid will bring up thérid Parameters menu (seé&igure 3.3¢and allow
you to make the following changes:

Color Allows operator to change the color of the:
e Curve (data)
e Text

«  Background

e Grid
. Minor Grid
e Markers
Filter Typically used for a Profiler Scan.

e Type—Allows the user to plot the mean, maximum or
minimum y-value per x-value.

¢ Points —Allows user to plot multiple vertical axis
(y-)values at each horizontal axis (x-)value. Select 4K,
8K, 16K or 32K Points to limit the display to 4, 8, 16
or 32 times 1024 points.

Minor Grid Places a minor grid in the background of the Vision Window.

Scale Allows user to auto scale, set a curve mean, or set their own data
range

Translate Offsets the curve by the placement of a horizontal cursor on the grid

Line Style For each curve, the operator can choose a connect, fill down, or point
line.

User Preferences Restore—Reverts to initial software settings

Save—Saves all changes operator has made during this session. This
becomes the new default settings.

Copy Clipboard Copies the grid image to the Microsoft Clipboard
Print Prints out the current screen view to a physical printer
Export Exports data in bitmap, JPEG or XZ data format
Active Curve Determines which curve you are analyzing
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Figure 3.3e Grid Parameters

Colar
Filker
Minor Grid
Scale. ..

v v

% Translate
i Tiranslate
Line Skvle. ..

-

ser Preferences

Copy Clipboard
Prink
Expork

-

-

Active Curve

3.3.2 Multiple Channels

It is often helpful to view more than one channel of data simultane@ssip-DualandScan-
Trip le can be selected upon first opening Realtime by clicking on the appropriate check boxes in
theAdd Views to Realtimeldialog box (se&igure 3.3].

Figure 3.3f Add Views to Realtimel Dialog Box

Add Views to 'Real Timel* <]
Yiew | Defaul | 0K, |
O5can-Single Mo
O 5can-Dual Ma Cancel |
O5can-Trple Mo
O Scan Display Mo Select Al |
O Scan Contral - Mo
[ 5can PammList Mo Clear Al |
O Ramp Pam... Mo
1 Ramp Plot Na i ake Default
E :a‘:'gate :D Add Defauls |

eler [n)
O video Mo

[~ Open

If you are already in Realtime, you can also access multiple channel views by right-clicking on the
Realtimeicon in the Realtime workspace ($&gure 3.3(.

» Click Add View > Scan-Dualto add a window with two channels displayed.
» Click Add View > Scan-Triple to add a window with three channels displayed.

Note: To open a single channel, cliéldd View > Scan Display
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Figure 3.3g Add Views to Realtimel Menu
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Image controls are displayed beneath each imagé-igee 3.30).

Figure 3.3h Scan-Dual View
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Scan Controls

In Scan-Triple, theScan Ling Scan Direction Data Scale Data Center, Realtime Planefit and
Offline Planefit settings are not displayed below the images and must be accessed using the
parameters list to the right of the image display Sgare 3.3).
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Figure 3.3i Scan Triple Dialog Box and Location of Channel 2 and 3 Parameters
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Channels 2 and 3 Parameters

Note: All three channel display options are included amondRisatime views
presented as options to include in the workspace upon first opening the
Realtime workspace (s&&gure 3.30.

Typical examples of the use of multiple channels:

To simultaneously monitor both a TappingMode height image and a phase image of the
same region.

To simultaneously collect a topography and MFM image.

3.3.3 Hints to Optimize the Engage Button

When used with stepper-motor-engagement microscopes, the tip is lowered under
program control. While the tip is being engaged, the tip travel distance is shown in the
center of the status bar on the Control Monitor. When the surface is detected, the
workstation beeps, starts the Realtime imaging process, and diEpigagedin the

status bar on the Control Monitor.

During automatic engagement, the tip will travel a preset distance (200um for
Dimension AFMs, 125um for MultiMode AFMs). If the sample surface is not detected
in this distance, an error message will be displayed.

If the tip is on the surface and the Z center voltage indicates that the piezo is near full
extension or retraction, the tip may be withdrawn and re-engaged to center the Z center
voltage. Alternatively, th&@ip Up andTip Downsubcommands of thdotor command
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can be used to center the Z voltage. If the Z center position indicates that the scanner is
retracted, click the Tip Up button until Z center is near 0V (0.50V).

PressingCtrl-F after theEngagecommand has been executed will cause a false engage
to occur after the SPM safety height is recycled for Dimension, causing the Realtime
software to start scanning independently of whether the surface has been detected or not.

3.3.4 Scan View Parameters Tips

Optimizing the Scan Size Parameter

The Scan sizeand offsets can be set by using Zmem andOffset subcommands in
ScanView or in tabbed panels.

Non-zeroX andY offsetsreduce the maximur8can size Each volt ofX orY offset
reduces the maximum scan size by 2V.

Having a non-zer&can anglewill reduce the maximum allowabfcan size

The maximuncan sizewill also decrease as tlBean rateincreases.

Optimizing the X Offset, Y Offset Parameter

These parameters use the sample as the position reference. Therefore, a moreXnegative
offsetvalue will move a feature in the current image toléficon the Image display
Similarly, a more negativé offset moves a feature in the current imafggvnon the

Image display.

Using the left-arrow and right-arrow keys when the cursor is in these parameters will
decrement and increment these parameters by 10% St#mesize

Using theZoom or Offset subcommands on the automatically changes the valie of
andY offsets

Optimizing the Scan Size and Scan Rate Parameters

The Scan sizeand height of features on the sample will affect the maxifGoam rate

that should be used on a given sample. Scan rate should be set to a rate that allows the
tip to closely track the sample surface in both trace and retrace. In general, larger scans
and taller features require slower scan rates.
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3.3.5 Channels Parameters Tips

Optimizing the Data Type Parameters

The system can display up to three Realtime images on the Display Monitor.

The Data type parameter doesot switch the operating mode of the instrument, it
simply changes the source of the data displayed.

Optimizing the Data Scale Parameters

Data beyond the setting of tBata scaleis clipped for the Realtime display. Captured
data, however, is not clipped. Independent of the settings of this parameter, the captured
data will be correct unless it exceeds the maximum vertical range of the scanner.

EachData typeretains separate settings foata scale

Data Centeris used to manually offset the trace data when Realtime Planefit is set to
none.

The conversion of volts tom or nA, is dependent on the val8ensitivity Detector parameters in
theTools> Calibrate > Detector panel.

For example, nanometers of cantilever deflection are calculated usiSgrbkgivity parameter in
theForce Calibrate panel.

Optimizing Realtime Planefit Parameters

The setting oRealtime Planefitonly affects the displayed data. It does not affect the captured data
The parameters are described below.

Nonedisplays the raw data in the scope display.

Offset applies a zero order correction to each line of data so that the average height of
the line is centered in the scope display.

Line applies a T order correction, removing both tilt and offset from each line of data.

Note: If features are not evenly spaced along the scan line, Reialime Planefit
Line can result in artificial tilting of the scan line.

Optimizing the Offline Planefit Parameter

TheNoneoption should only be used in special cases.(ffeet andFull options
provide greater dynamic range in the data to reduce round-off and other errors in
subsequent calculations.

The Offline > Modify > Flatten andPlanefit commands can also be used to level the
data after it has been captured.
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3.3.6 Feedback Parameters Tips

Optimizing the STM Feedback Parameters

TheBoostandLog modes are preferable for most STM samples, because the tip
responds in a more symmetric manner (i.e., the same going up and cominglLaawn).
andBoostmodes tend to linearize the entire feedback loop sirei). The
asymmetric response of then setting distorts data.

Useof Boostmode allows th@roportional gain andintegral gain values to be
reduced and is preferable for large scans having high, vertical features (e.g., integrated
circuits).

WhenBoostmode is selected, thietegral andProportional gains are often best set to
lower values than wherog mode is used.

Optimizing the Integral and Proportional Gain

Thelntegral gain is usually the major contributor to the performance of the feedback
loop due to its “long term” influence. For this reason, it is usually adjusted before
proportional gain.

The integral term in the feedback calculation has the highest gain at low frequencies,
and its effects diminish with increasing frequency.

A nominallntegral gain value may be obtained by slowly increasing the value until the
piezo begins to oscillate, then decreasing the value until oscillation ceases. Oscillation
effects are best viewed usiBgope Modeand show up first in error signal (i.e

deflection or amplitude).

TheProportional gain parameter is typically set to 35 to 100% more thanrttegyral
gain value.

Optimizing the Look Ahead Gain Parameter

Look ahead gainadds information from the previous scan line to the feedback loop
calculation, so it is most useful for samples with long features oriented perpendicular to
the scanning direction.

UselLook ahead gaindiscreetly. For many surfacés5to 0.8is nominal.
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3.4 Force Curves

Force Curvesramp tip-sample separation while holding the X, Y position constant in the center of
the previous scan. The scanner’s vertical position is plotted versus either the cantilever deflection
(Contact AFM), or the amplitude of the cantilever oscillation (TappingMode). Alternatively, the
cantilever deflection or oscillation amplitude can be plotted relative to a user-designated input
signal.

3.4.1 Force Curves Procedure

Ramp Settings

To obtain force curves, it is necessary to first engage in Scan Mode using on8adrikéews
(seePreparing a Dimension Series AFM for a Realtime ScaBection 2.4.p, then switch to
Ramp mode. If you want to calibrate deflection sensitivity, use a hard sample in the following
procedure.

1. Activate Ramp mode (this causes the system to stop scanning, and the probe to position
above the center of the previous image):

a. Click the Ramp node in the workspace or any visible ramp plots.
Or

b. Add theRamp Parameter ListandRamp Plot(s)to the workspace. Right-click
Realtime or click theAcquire menu, and sele®amp Parameter ListandRamp
Plot. It is possible to view threRamp Plotsat a time by adding ramp plots to the
workspace. Arrange tHeamp Plot(s)andRamp Parameter Listso that all are
viewable.

Note: SeeRamp Parameter ListSection 3.4.2 Feedback PaneBection 3.4.Tor a
thorough discussion of tHeamp Parameter ListPaameters. When iRamp
mode, a ramp- specific menu also displaysRaep menu. Se®Ramp Menu
Section 3.4.8or more information.

2. Enter the following parameter settings in the designated panelsRdithe Parameter
List:

a. IntheRamp panel select:

Parameter Setting
Ramp output z
Ramp size 1.00pm
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Parameter Setting
Z scan start Onm
Scan rate 1.00Hz
Number of samples 512
b. IntheChannel 1panel select:
Parameter Setting

Data Type Deflection

X Data Type Zz

Display Mode Deflection vs. Z

Gather Force Curves

1. SelecRamp > Run continuousfrom the menu bar.

2. While watching th&amp View and the Display Monitor’s bar graph (d&gure 3.43,

increase th& Scan Startto move the tip closer to the sample.

Figure 3.4a Bar Graph

3. When the force curve suddenly rises, the tip has reached the surfdegsed.4h.
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Figure 3.4b Force Curve
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4. Click theCapture icon to save the force curve. Make note of the file name in the status bar
(lower right corner of the window).

Calibrate Deflection Sensitivity
It is often necessary to calibrate the deflection sensitivity of a force curve. The deflection sensitivity
depends upon several factors, such as the position of the laser spot on the cantilever, so it needs to

be calibrated each time you change the probe. Use the following procedure to determine the
deflection sensitivity:

1. Move two cursors onto the Deflection vs. Z plot (Begire 3.43.

Figure 3.4c Realtime Force Curve

deb-torsion-mipe_039 : Force Plot <>

B Channel data =
Image Data Deflection

|
!  data type z
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= i Plat units Metric
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§ 30 | Plat invert MNaormal
= Awe. Points 1
= 4 ! Effective B/ 3968 Hz
1 L Phase Offset 0.00 ms
-50 5 Marker pair 1
! %0 0.00 nm
"o =0 o0 150 200 250 300 350 =1 £.00 rm
Z () Y0 0.00 Am -]

2. Arrange the cursors so that they surround the contact (steepest) portion of the graph
(seeFigure 3.49.
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Figure 3.4d Force Curve Cursors
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3. Selectrorce > Update Sensitivity The software will automatically calculate the deflection
sensitivity.

Figure 3.4e Update Sensitivity

f'i. Manozcope - Workzpacel
Fil=  “iew W3

e

4. Click ok to accept this deflection sensitivity in the dialog box that displays, and it will
automatically be entered into tBens. DeflSenparameter in th€hannel Datapanel to the
right of the plot (se€igure 3.43.

RealTime Acqu

Figure 3.4f Deflection Sensitivity Dialog Box

Manoscope x

& Do you want to update the deflection sengitivity to 108, 303658 nm"Y

e |

5. Replace the hard sample with the sample you wish to analyze. The deflection sensitivity will
remain applicable as long as the position of the laser spot on the cantilever does not change.
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3.4.2 Ramp Parameter List
When you opeiiRamp Parameter List, theRamp Parameter Listbox displays (seEigure 3.49.
All force curve parameters can be set inRtagnp Parameter List TheRamp Parameter Listis
sectioned into seven panels. The parameters in each panel are defined in the following sections:
* Ramp Panebnpage 94
* Mode Panebnpage 96
e Auto Panebnpage 97

e Channel (1, 2 or 3) Panat® page 98

» Feedback Panein page 99
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Figure 3.4g Ramp Parameter List
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3.4.3

Ramp Panel

Ramp Output: Specifies th&@amp Channel.

Ramp Size Specifies the range of tiamp Channd. Visible only if the Ramp Channel
parameter is set to Z. Settings depend on the specified units.

Z Scan Start: Visible only if theRamp Channelparameter is set ®© andTRIGGER MODE is CFF.
Z scanstart is the bottom position of the Z-axis scan as represented on the Display Monitor’s bar
graph. When th&orce Calibrate command is first accessed during imaging, this value is
automatically set to theg Center Position.
Note: The value of this parameter will need to be increased to move the sample closer
to the cantilever in the case where there is no deflection of the cantilever for a
displacement of the sample.

» Range and Settiisg The range of this parameter depends on the scanner. The units of
this parameter are volts or nanometers, depending on the settindJoiithparameter.

Note: While the user is ramping Z Force Calibrate, the feedback parameters (i.e.,
type, count and value) are inactive.

Scan Rate The Scan Ratesets the ramping rate. Changing this value effects the Forward and
Reverse Velocities.

Forward Velocity: Forward Velocity of the tip (in um/s) as it approaches the surface. Increasing
this value increases ti8can Rate

Reverse Velocity Reverse Velocityof the tip (in um/s) as it retracts from the surface.

X Offset: Controls the position of the range in the X direction.

Y Offset: Controls the position of the range in the Y direction.

Number of samples Number of data points collected during each upward (retraction) and
downward (extension) travel cycle of the piezo. The Number of samples parameter sets the pixel

density of the force curve. This parameter does not change the Z scan size.

» Range or Setting4 to 64,000data points displayed per extension and retraction cycle.
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Spring Constant Records the spring constant of the cantilever that is currently being used. This
parameter is input by the user and is recorded along with each force plot captured. It is used for
Offline analysis of the force plot. It is not critical to set 8pging constantin Realtime, since it

can be altered in the Offline analysis of the captured force plot. The Spring constant is necessary to
display a graph of force vs. separatioiiTs is set toFORCE.

Plot Units: Switches parameters in the control panels between units of Volts (V), Metric (nm or
pum), or Force (nM). Changing this parameter also changes the settindJoiithparameter on the
AFM control panel.

« Range or Setting¥0lts (V), Metric (nm) orForce (nN)
Display Mode: The portion of a tip’s vertical motion to be plotted on the force graph.
« Range or Settings
« Extend—Plots only the extension portion of the tip’s vertical travel.
¢ Retract—Plots only the retraction portion of the tip’s vertical travel.
¢ Both—Plots both the extension and retraction portions of the tip’s vertical travel.

¢ If a channel other than Z is chos@&isplay modewill not be available in Offline
view.

X Rotate: Allows the user to move the tip laterally, in the X direction, during indentation. This is
useful since the cantilever is at an angle relative to the surface. One purpdRetate is to

prevent the cantilever from plowing the surface laterally, typically along the X direction, while it
indents in the sample surface in the Z direction. Plowing can occur due to cantilever bending during
indentation or due to X movement caused by coupling of the Z and X axes of the piezo scanner.
When indenting in the Z direction, teeRotate parameter allows the user to add movement to
scanner in the X direction. X Rotate causes movement of the scanner opposite to the direction in
which the cantilever points. WithoXtRotate control, the tip may be prone to pitch forward during
indentation. Normally, it is set to about 22.0°.

« Range or Setting® to 90% most effective values are between 15 and 25°.

Rev. D

Nanoscope Software 6.13 User Guide 95



Realtime Views
Force Curves

3.4.4

Mode Panel

Trigger Mode: Limits the amount of force exerted by the tip upon the sample. It is possible to
operate the trigger independent of drift (Relative) or at some arbitrarily fixed point (Absolute)
depending on the trigger settings.

Data Type: Channels may be assigned for triggering to any input signal available including:
Deflection Amplitude, Phaseor Friction data.

Trig Threshold: The value of the cantilever deflection, as measured by the photodetector, desired
for the indentation or scratch. Theigger threshold defines the maximum force applied to the
sample corresponding to the upper right-most point on the force plot.

* Range or Settings10V to +10V, depending on thBeflectionLimit . Try 0.5V to 1.0V.
Trig Direction: Determines the direction of the trigger and allows for a Positive, Negative, or

Absolute trigger slope. In this way, the trigger may be configured to activate on either the positive
or negative direction of the force curve.

Z position - 0.10 pm/div Z position - 0.10 pm/div
Negative Trigger Direction Positive Trigger Direction

Start Mode: Start mode allows you to switch between the various force modes without returning to
image mode.

* Range or Settings

» CaLBRATE —Produces standard Force Mode force plots. Includes the ability to
continuously cycle the tip up and down.

e Ster—Produces standakebrce Modeforce plots, with added control to step the
tip towards the surface.

e« MOTOR STEP—Tip is stepped towards surface using the motor.

End Mode: Determines the location of the tip when the microscope is returned to Image mode.
Choices includé&xtended Retracted, or Surface

Z Step Size The change in tip height per step when using force step.
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3.4.5

Auto Start: When enabled, autostaferce mode when entering fronimage mode. If off, you
must start ramping by clicking tl&ontinuous or Singleicon, or by selecting the proper menu
selection under thRamp menu.

Surface Delay Specifies a delay when the tip reaches the point closest to the sample.

« Range or Setting® to 200seconds

Retracted Delay Similar toSurfacedelay, this value specifies the duration of the delay when the
piezo is at the top of the cycle (farthest away from the sample).

« Range or Setting® to 200seconds
Auto Offset Because of Z drift (thermal drift, piezo drift, etc.), the sample will sometimes drift out
of Z range. When enableflito Offset uses the Setpoint value from Image mode to Feedback and

find the surface and resume Force imaging.Aute Offset feature is a form of drift correction.

Strip Chart Rate: Frequency of (Z-position, deflection) data point acquisition for strip chart (only
available for Picoforce and Nanoman).

 Range 20kHz to 0.01Hz Typical value: 1kHz

Strip Chart Size: Time interval over which (Z-position, deflection) data points are displayed in
strip chart.

e Typical value:10to 10,000 sec.
Note: Although the strip chart collects and displays data over the time interval defined
by clicking Start, then laterStop, this data is not saved for subsequent use
until theCapture icon (shown) is clicked. I€apture is clicked while strip

chart data is being taken, what is saved begins at the start of the chart (sooner
than the icon is clicked).

Auto Panel

The Auto Panel parameters are only available when Autoramping.
Columns: Number of points in the Y axis

Rows Points in the X axis.

Column Step Offset distance between points in the X direction.
Row Step Offset distance between points in the Y direction.

Threshold Step The trigger point at which the deflection or the current activates the position
change.
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Capture: State is either enabled or disabled. When enabled, the software records and stores the
ramp data for each data point in the matrix of rows and columns.

3.4.6 Channel (1, 2 or 3) Panels

Data Type: Channels may be assigned to any input signal available incluifigction
Amplitude, Phase Friction and so on. Any channel may be switched to Off, howetéeast one
channelis always on.

X Data Type: Type of data that the channel data is being compared to. This data displays on the X-
Axis of the scope grid.

Data Scale Voltage range for the vertical axis of the force curve plot.
Note: This can be overridden by settiAgtoscaleOn for the plot.
Data Center. Offsets centerline of scan by the amount entered.
Note: The Data center offset doeet become a permanent part of the data.

* Range or SettingDepends upon the input signal, generally + one-halbtd scale
maximum.

Deflection Sens.Defines the conversion factor from cantilever deflection signal voltage to
nanometers of cantilever displacement (in nm/V) using data in the contact region of a force plot.

Plot Invert: Inverts data along the Y-axis, effectively turning valleys into mounds and vice versa.
Ave. Points: Averages multiple points to smooth the curve.

Effective BW: A display (you cannot input a value to it) representing the sampling frequency with
display averaging taken into account:

Effective BW = (force plot sampling ratef{e. Points)
Phase Offset Shift horizontal position of plot to compensate for averaging of endpoint data.
Note: The numerical values of the tviRhase Offsetparameters can be ignored; set

them to whatever values minimize the apparent hysteresis. Particularly when
Forward Velocity andReverse Velocityare unequal, the same numerical value
for eachPhase Offsemay not correspond to an identical displacement on each
axis.

Display Mode: The portion of a tip’s vertical motion to be plotted on the force graph.

Range or Settings

» Extend—Plots only the extension portion of the tip’s vertical travel.
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* Retract—Plots only the retraction portion of the tip’s vertical travel.
« Both—Plots both the extension and retraction portions of the tip’s vertical travel.

e If a channel other than Z is chosen and the force curve is captured Qfifipky
mode may not be available in Offlingew.

X Rotate: Allows the user to move the tip laterally, in the X direction, during the ramping of Z.
This is useful because the cantilever is at an angle relative to the surface. One pufRetaté

is to prevent the cantilever from plowing the surface laterally, typically along the X direction, while
it indents in the sample surface in the Z direction. Plowing can occur due to cantilever bending
during indentation or due to X movement caused by coupling of the Z and X axes of the piezo
scanner. When indenting in the Z direction, XhRotate parameter allows the user to add
movement to scanner in the X directidghRotate causes movement of the scanner opposite to the
direction in which the cantilever points. Witho(Rotate control, the tip may be prone to pitch
forward during indentation. Normally, it is set to about 22.0°.

Range or Setting® to 90 degrees most effective values are betwenand25°.

3.4.7 Feedback Panel

Only the Force Curve-applicable menu parameters are described below:

Deflection Setpoint Defines the deflection signal, and therefore the tip-sample force, maintained
by the feedback loop.

« Range or Settingg 10.0V maximum

Deflection Limit: Use this parameter for attenuating the input voltage signal (appears only when
performing Contact AFM).

« Range or Setting2.500Vfor regular imaging and 20.00V korce Modeonly

3.4.8 Ramp Menu

While the microscope is engaged and in Realtime mode, openiRgutge parameters will display
theRamp Menu.
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Realtime Views
Force Curves

Figure 3.4h Ramp Menu

Ramp RealTime  Acquire

Run Continuaus

Fun Single

Exckernal Trigger »
Stop

Retrack
approach Continuous
Approach Single

Auko rarmp

Ramp Menu Definitions

Run Continuous The tip is continuously lowered and raised by a distance equalRathp size
This is the normal, default motion durifrgrce Calibrate. “Raising” and “lowering” are relative

to your system (e.g., On Dimension Series SPMs, the tip is raised and lowered to the surface;
however, other SPMs raise and lower the sample beneath the tip).

Run Single Lowers and raises tipnceby a distance equal to the Z scan size, then halts.
External Trigger: (Not available)
Stop: Halts all tip movement.

Retract: The Z-axis piezo retracts to its limit in preparationfpproach Continuous. This
command doesot initiate motor movements.

Approach Continuous The tip lowers to the surface and raises in a controlled series of steps, then
indexed by the Z step size (see Scan Mode panel) distance. This process continues downward until
the tip encounters the surface. When tip deflection exceed@iehold StepamountApproach
Continuous halts and the resulting force curve displays.

Approach Single The tip is lowered to the surface and raised in a single, controlled step. This
process is halted if the surface is encountered by the tip, causing deflection exceeding the Step
threshold amount. The resulting force curve is displayed.

Note: ForbothApproach ContinuousandApproach Single if Start mode =
MOTOR STEP, the motor is stepped towards the surface, not the Z piezo.

Auto ramp: Begins auto ramping as defined by the parameters specifieddntthPanel
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Chapter 4 Analysis Commands

TheAnalysiscommands relate to analyzing the surface behavior of materials on images captured in
Realtime mode. These commands are known as image processing or analysis commands. The
commands contain views, options and configurations for analysis, modification, and storage of the
collected data. The analysis may be automated (i.e., in autoprograms) or completed manually. In
general, the analysis commands provide methods for quantifying the surface properties of samples.

Please refer to the following analysis commands availal#leatyze menu of the NanoScope
software:

* Image: Section 4.1

» 3D Surface Plot: Section 4.2

e Zoom: Section 4.3

» Depth: Section 4.4

» Power Spectral Density: Section 4.5
* Roughness: Section 4.6

* Section: Section 4.7

e Step: Section 4.8

e Width: Section 4.9

» XY Drift: Section 4.10

* Multiple Channel Analysis: Section 4.11

e AutoProgram: Section 4.12
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Image

4.1 Image

o

41.1

The termimage refers to the data captured in Realtime mode. The current image processing

capabilities include data analysis, modification, presentation and storage of the images. The source
of the image includes:

» Data captured in Realtime scanning mode
* Newimage files created using modification or analysis commands

For general information on the interface and basic functions in image processibgjregéhe
Image Interface: Section 4.1.1

Using the Image Interface

To process an image, you must open an image file. This can be done by:

» Clicking File > Open. When theOpen NanoScope Fileialog box opens (séggure
4.19, selectCaptured File (*.*) and click theOk button.

Figure 4.1a Open NanoScope File Dialog Box

Open Manoscope File E |

Captured File[*.*]
At Programs [*.apa)

Settingz(*.bag) Cancel |

* Double-click an image in thBrowse dialog box. The new image appears in the client
window (sed-igure 4.1h.
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Figure 4.1b Image for Processing

[Manoscope - Lategr.spm

: Wiew Fomat RealTime Agquie Anaze Tools Window Help

P wE&Jd

GG DREE. L W RTWET

B [=] 1ategs - Image <Latex Spheres> =]
eal Time

2 ?iwt amldTShwt e DataZoom 50.0 nm | |B Channel

ermal Tune Secan size 251 pm
Eﬁff’;‘ sinal Scanrale 281 H:
P ’Rﬁ can-single Samples/ine 256

amp
= Lines 256
o ke Liediecien  Troce
B Force Plot Data type Height
Lategx.spm Scan line Main

L Date 04:13:56 PM Wed Sep 02 1332
4] | v

1
0.0 1: Height 2.5 pm

Directory icons appear in the browse window. Double-click a folder icon to browse that directory
(seeFigure 4.13.

Figure 4.1c Directory Icons

Capture Directory Icon =7}

El Directony: Jc;\

' “ ' “

Directory Folder Icon ——

WE12b5 temp

’y “ ' “

Program Files SPH
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Selecting the first icon in the upper left of the file browsing window initiates a text presentation of
file information (as irFigure 4.19. The second icon in the upper left of the file browsing window
causes thumbnail presentation of image files as illustratedume 4.1k(the icon has been scrolled

out of view at the top of the window of images). Click on a thumbnail to open the image for further

analysis. Th&€apture Directory icon @] inthe upper left of the file browsing window displays

file information, in either text or thumbnail presentations, of the capture directory (default is
D:\capture).

Figure 4.1d Browse for Folder Window Open Upon Clicking Directory

Browse for Folder 20 x
EI Directorny: Ud:\capture\PicoFche
DACAPTURENFicoForce Mame | M odified | Size | Type | Headerld |
T - - Images 04/29/0...  OKB Folder
=5 DaGb (D) Al Il Fooves  oazai0. ok Folder
titin 475 05/09/0.. 5SEKB 475 File
J titin. 458 05/09/0.. EEKE 455 File
titin, 324 05/09/0.. 5SEKE 324 File
kitin. 310 05/09/0.. 5EKE 310 File
kitin. 220 05/09/0.. 5EKE 220 File
. titin. 215 05/09/0.. 5SEKB 215 File
Sg Eopy °: SEP:‘; ftin141  06/09/0.  5GKB 141 File
Py Ot valea Kitin, 0565 05/09/0...  SEKE 155 File
|1 Data
{21 Images
B3 mil sort of LI

ak. I Cancel |

You can change the current capture directory irCéygture File dialog box by selecting
REALTIME > CAPTURE FILENAME , shown inFigure 4.1e

Figure 4.1e Capture File Dialog Box

Capture File 2=
Directary oK I
Ic:'\capture J

Capture |

 Filenarme I Cancel |

{* Date/Time Stamp
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Image Display
If no images are selected, right-clicking in the image browse window (but not on an image icon)

allows you to select a display channel and a color table for the image icons in the browse window.
SeeFigure 4.1f

Figure 4.1f Selecting the Display Channel and Color Table for the Icons

EI Diirectary: JD:\Nano&copeFiIe&\images

Befrezh

Properties. ..
Sort...

CANCER.CEL Permaloy. zpm

Browse Display Properties E

Cancel |

Color Table:

Display Channel: Iw 'I
IB_

™ Show Al Files
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Exporting Images

You may export images, in either bitmap or JPEG formats, from the image browse window by

right-clicking single or multiple images, shownHigure 4.1gYou may select the channel and a
color table.

Figure 4.1g Exporting Multiple Images from the Image Browse Window

=

El Directc-r_l,-:JD:\NanoscopeFiIes\Ec

Open I Export to Graphic File
ascl.
Delete Bitmap... Channel: IM 'l

Jpeg... 7

Sule e Paramneter Colar Table: |2_ Cancel
Curve Analysis = olar Table: |

701 decafm, 021 701 4ecafm 023
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Image Processing Add View Commands

The OfflineAdd View menu for image processing differs from the Realédd View commands.
The commands include measurement, analysis and modification commarfdgsed.1.

Figure 4.1h Image Processing Functions Menu

Image
Add Group 30 Surface Plot
Delete gz;l:;
Delete Sub ltems oD
Chanae Title Roughress
v Permit Multiple Yiews Section
] = = Dot
Create AutoPragram Flatten
Fiun AutoProgranm Plare Fit
Lowpass
Eraze
tedian
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Right-Clicking on the Image

By right-clicking on the image, you will get a menu (Bégure 4.1) that allows you to perform the
following tasks:

Figure 4.1i Image Click

v Botating Line

Copy Clipboard
Toolktip Info Lewvel

Inage Daa

Screen Display

* Rotating Line—Left-click, hold, and drag out a line. Release the mouse button to end
the line.

» Box (for some analyses)—Left-click, hold, and drag out a box and release the mouse
button.

Note: Left-clicking in the center of the box allows you to translate. Left-clicking on
edges allows you to change the box size.

» Copy Clipboard—Copies the image to the Microsoft clipboard.

e Tooltip Info Level:

e Basic

¢ Medium

e Advanced
* None

» Export—Exports the image as a bitmap or JIPEG (WYSIWYG), or Full Image (pixel by
pixel data).
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Image Buttons

Clicking thelmage buttons above the captured image (Sgeire 4.1) performs the following

functions:

Data Zoom—Left-click, hold, and drag out a box. Release the mouse button and the
image will automatically zoom in to the area of the box.

Pan—From a zoomed image, the user can pan around to other areas of the original
image.

Measure—Left-click, hold, and drag out a line. Length of line appears in a box near the
line any time cursor is on the line.

Right-Clicking on the Color Bar

Right-clicking on the color bar along the right side of the image (see Figure 4.1j will produce a
Color Scale button. Clicking on this Color Scale button will open the Color Scale dialog box,
where you can perform the following image adjustments:

Contrast—Number (-10 to +10) designates contrast of colors in displayed image (e.g.,
0 shows little change, while 10 shows highest contrast).

Offset—Number (-128 to +128) designates offset of colors in displayed image (e.g.,
120 shows illuminated background on image).

Data Scale—Designates the vertical range of the image, corresponding to the full extent
of the color table.

Table—Designates th€olor Table number.

Figure 4.1j Image Adjustment Controls

Image

Fle View Fomet Andhie Redfme Tock Widow Hel
Buttons 1 e

This Mobe Can
Color LH
Scale Dok Sl [T
. Table
Dialog Box [ MokaDeta
Color Bar
1: Height uupm'

Color Scale | —

Ready
Menu s | @ 0 || Bdsasboes | leousoaivbs |[Ganammone - tioricn Som
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Image
Using the Mouse Within a Captured Image
Left-Click anywhere inimage  Creates a line of X length, afXf angle in the image window
window, drag line out, and
release
Place cursor on line Displays length and angle values of line in the image window
Place cursor on line, click Allows you to drag the line anywhere in the image window
and hold left button, and
drag
Click and hold on either end Changes length and/or the angle of the line
of line and drag
Right-Click Clicking the right mouse button when the cursor is on the line
accesses the Image Cursor menu Eegere 4.1k
* Delete—deletes the line.
« Flip Direction—switches the line end to end.
* Show Direction—Adds small arrowhead to the line to
indicate direction.
« Set Color—Allows you to change the color of the line.
e Clear All—Deletes all lines.
Figure 4.1k Image Cursor Menu
Delete
Flip Directian
Show Direction  »
Set Color »
Clear All
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4.2 3D Surface Plot

The 3D Surface PlotView displays the selected image with color-coded height information in a
three-dimensional, oblique perspective. You can select the viewing angle and illumination angle for
a modeled light source.

You can view th&D Surface Plot Viewusingoneof the following methods:

« Right-click on the image name in thidorkspaceand selecfAdd View > 3D Surface
Plot from the popup menu.

Or
e SelectAnalyze > 3D Surface Plotfrom the menu bar.
Or

» Click the3D Surface Ploticon in the upper toolba

The Surface Plotpanel appears and allows formatting of image data on the Display Monitor (see
Figure 4.2

Figure 4.2a 3D Surface Plot Window

[Z]140MICRO : 3D Surface Plot <> (o=
H Inputs
Projection Type Parallel
Plot Type Mixed
Ratation 2250
Pitch 4550
Light Ratation 45.0°
Light Pitch 45.0°
Tlumination Weight  75.0 %
Label Type all
L current channel 2

Left Mouse [pitch and rotation]

Ctrl + Left Mouse [vert drag = zoom|
Shift + Left Mouse (% and p translation]
Right Mouse (light pitch and rotation]
Ctrl + Right Maouse [vert drag = illum)
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3D Surface Plot

42.1

Parameters in the 3D Surface Plot Inputs

The Projection Type, Plot Type, andLabel Type 3D Surface Plotparameters can be changed by
clicking on the related window and selecting from the drop-down menus. The remaining
parameters may be changed by typing the desired information in the related window or by use of

the keyboard and mouse keys.

» To zoom in or out on the image, hold the control key down and slide the mouse up and

down on the image while holding the left mouse button.

* To pan, hold the shift key down and move the mouse up, down, left, or right on the

image while holding the left mouse button.

» Clicking and holding the right mouse button down while moving the mouse left and
right changes the light rotation on the image. This is only available when plot type is set

to mixed

» Clicking and holding the right button while moving the mouse up down changes the

light pitch. This is only available whe?lot Type is set tdMixed.

The function of the Input parameters are:

Projection Type Select eitheParallel or Perspective

¢ In parallel mode, the viewing volume does not
change, which has the affect keeping objects the
same size as they are projected. This is useful for
maintaining the size and angle of objects between
the front and back of the view.

< In perspective mode, objects appear to get smaller
the further away they are from the eye. This is how
the objects are perceived in the real world.

Plot Type SelectHeight, Wire, or Mixed

« Height displays image with the height values
encoded according to the color table.

» Wire displays image as a line representation of the
scanned data.

* Mixed displays a combination of height and
illumination encoding which is used on the
displayed image.

Rotation TheRotation parameter in th8urface Plotinputs
changes as the viewing angle in changed by rotating the
displayed image about the Z axis relative to its captured
orientation.

Pitch ThePitch parameter in th8urface Plotinputs changes
as the viewing angle by manually changing the pitch of the
Y axis in the three-dimensional Surface Plot image.
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Light Rotation TheLight Rotation parameter in th8urface Plotinputs
rotates the light source in the horizontal plane (along the Z
axis). This is only available when tRdot Typeis set to
Mixed.

Light Pitch ThelLight Pitch parameter in th8urface Plotinputs
changes the viewing angle by selecting the pitch of the Y
axis in the three-dimensional Surface Plot image. This is
only available when thBlot Type is set toMixed.

lllumination Weight Selects the percentage of the imaginary light source mixed
with the color-encoded height information when et
type is set toMixed.

Label Type ThelLabel Type parameter in th8urface Plotinputs
selects whether labels, axes, and the view/illumination
controller are displayed with the image.

Current Channel Displays the current channel of multichannel scan dis-
plays.

TheExport button allows the operator to export the image in the window to either JPEG or bitmap
format. The graphic will be stored in the Capture folder.
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4.3 Zoom

Use thezoom function to extract an image from a large Version 6 image for Version 5 analysis.

<'o NanoScope Version 5 software features a numbanaliysis functions currently not available in
Version 6 software. Zoom will produce the largest Version 5 image size possible within the
bounded region (128 x 128, 256 x 256 or 512 x 512).

Note: 512 x 512 is the most common image size, and will be used as the example
throughout the rest of this section.

Note: The image produced by this analysis is Version 5 compatible, however, if the

image is later processed by a Version 6 analysis, the image may no longer be
Version 5 compatible.

4.3.1 Zoom Procedure
Use the Zoom analysis to isolate a 512 x 512 portion of a high resolution image.
1. Open a large Version 6 image (larger than 512 x 512).
2. You can view th&Zoom View usingoneof the following methods:

* Right-click on the image name in thi¢orkspaceand selecAdd View > Zoom from
the popup menu.

Or

» SelectAnalyze > Zoom from the menu bar.
Or

» Click theZoom con in the upper toolbad,o

3. The selected image opens in Aoom dialog box (se€igure 4.33
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Figure 4.3a Initial Zoom Dialog Box

highresimage.DDD : Zoom <fibers in air> ;Iglll

Fan Data Zoom I 300.0 nm B Inputs
MNew File Mame: C:\CAPTURERange of highresimages
Auta Open MNew File es \
Method Interpolate
Loyg Zompatible Yes
Marne: | Value | Report | Limits
B Results
Number of x Paints 512 s Mo
Mumber of v Lines 512 fes Mo
. Aspect Ratio 1 es Mo
Bou ndlng d Scan Size 3226 nm ‘fes o
Box p_. L Error Mo Error Yes Mo
T 1
0.0 1: Height 25.0 pm few File Name. | Create Image

4. A bounding box appears in the image (Begire 4.3% Place the cursor inside the box, and
while holding the mouse button, move the box to the location of interest. The box is
restricted to the largest possible Version 5-compatible image size (usually 512 x 512).

5. Once the box is in place, select Mew File Namebutton. Select a location and name for the
new image.

6. Select the€Create Imagebutton.

a. IftheAuto Open New Fileparameter undeénputs is set toYes the image opens in the
default image view (segigure 4.3M.
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Figure 4.3b New Zoom Image Dialog Box

Data Zoom 2.5¥

1: Height a 2: Amplitude 3.2 |.lm

Dista Zoom [ITRINTL

Fan I DataZoom | 180.0° [|B Channel 1

Scan size 3.23 pm

Scan rate 0,549 Hz

Samples/line 512

Lines 512

Line direction Trace

Data type Height

Sean line Main

L pate 04:49:00 PM Thu Apr 24 2003
| i Bl

3: Phase 3.2 |.lm

b. IftheAuto Open New Fileparameter undeénputs is set taNo, The new image will be
saved in the designated directory but will not automatically display.

7. Use this new image for Version 5 analysis.
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4.3.2 Zoom Interface

Input Parameters

New File Name

Auto Open New File

Method

V5 Compatible

Results Parameters

Number of x Points
Number of y Points
Aspect Ratio

Scan Size

Error

Zoom Buttons

New File Name

Create Image

Displays the path of the extracted image file.
Settings:

« If Yes is selected, after selecting tBecate Imagebutton the
newly extracted image open.

* If No is selected, the new file will be created and saved in the
designated directory, but will not automatically display.
Settings:

« | NTERPOLATE—Data points will be interpolated to create
new image.

¢ Repl i cat e—Data points will be used as is to create a new
image.

YES. The largest possible V5 compatible file (512 x 512) is created
from the image.

Number of x points in the new image.
Number of y points in the new image.
Aspect ratio of the new image.

Scan size of the new image. The units of this parameter are volts if the
Units parameter@ther Controls panel) is set t¥olts. The units are
linear distance (nm qim) if the Units parameter is set tdetric.
Possible errors:

« No Error —(Default)

« Not Enough X Points—Original image has less than 512
points/line.

Invalid Aspect Ratio—Zoomed image results in an aspect
ratio greater than 256:1.

* File Write—A disk error occurred.
¢ Unknown—An unknown error has occurred.

Browse for the location to save the new image.

A Version 5 compatible image is created from the portion of the high
resolution image that is contained in the bounding box.
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4.4 Depth

H

44.1

To analyze the depth of features you have numerous choices which measure the height difference
between two dominant features that occur at distinct heigbfgth was primarily designed for
automaticallycomparingfeature depths at two similar sample sites (e.g., when analyzing etch
depths on large numbers of identical silicon wafers).

Refer to the following sections @epth analysis:
» Depth Theory: Section 4.4.1
» Depth Procedures:Section 4.4.2

» Depth Interface: Section 4.4.3

Depth Theory

The Depth command accumulates depth data within a specified area, applies a Gaussian low-pass
filter to the data to remove noise, then obtains depth comparisons between two dominant features.
Although this method of depth analysis does not substitute for direct, cross-sectioning of the
sample, it affords a means for comparing feature depth between two similar sites in a consistent,
statistical manner.

The display screen includes a top view image and a histogram; depth data is displayed in the results
window and in the histogram. The mouse is used to resize and position the box cursor over the area
to be analyzed. The histogram displays both the raw and an overlaid, Gaussian-filtered version of
the data, distributed proportional to its occurrence within the defined bounding box.

Histogram

Raw Data

Figure 4.4gbottom graph) displays a histogram from raw depth data. Data points A and B are the
two most dominant features, and therefore would be compared in Depth analysis. Depending upon
the range and size of depth data, the curve may appear jagged in profile, with noticeable levels of
noise.

Note: Color of cursor, data, and grid may change if user has changed the settings.
Right-click on the graph and go @olor if you want to change the default
settings.
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Figure 4.4a Depth Histogram

Hist %
n

0 30 60 90 120
Depth (nm)

Correlation Curve

TheCorrelation Curve is a filtered version of theaw Data Histogramand is located on the

Raw Data Histogramrepresented by a red line. Filtering is done usindtikagram filter cutoff
parameter in thenput parameters box.The larger the filter cutoff, the more data is filtered into a
Gaussian (bell-shaped) curve. Large filter cutoffs average so much of the data curve that peaks
corresponding to specific features are unrecognizable. On the other hand, if the filter cutoff is too
small, the filtered curve may appear noisy.

The Correlation Curve portion of the histogram presents a lowpass, Gaussian-filtered version of
the raw data. The low-pass Gaussian filter removes noise from the data curve and averages the
curve’s profile. Peaks which are visible in the curve correspond to features in the image at differing
depths.

Peaks do not show on the correlation curve as discrete, isolated spikes; instead, peaks are
contiguous with lower and higher regions of the sample, and with other peaks. This reflects the
reality that features do not all start and end at discrete depths.

When using th®epth View for analysis, each peak on the filtered histogram is measured from its
statistical centroid (i.e., its statistical center of mass).

Using the Grid Display

Measurement cursors for histogram are automatically positioned based on the numerical values
selected in thénput fields. Right-clicking on the grid will bring up tl@&rid Parameters menu
(seeFigure 4.4k and allow you to make the following changes:
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Color Allows operator to change the color of the:
« Curve (data)
o Text
« Background
e Grid
e Minor Grid
* Markers
Filter Typically used for a Profiler Scan.
* Type—Select None, Mean (default), Maximum, or Minimum
» Points—Select 4k, 8k (default), 16k, or 32k
Minor Grid Places a minor grid in the background ofigion window.
Scale Allows user to auto scale, set a curve mean, or set their own data
range
Line Style For each curve, the operator can choose a connect, fill down, or point
line.
User Preferences Restore—Reverts to initial software settings
Save—Saves all changes operator has made during this session. This
becomes the new default settings.
Copy Clipboard Copies the grid image to the Microsoft Clipboard
Print Prints out the current screen view to a printer
Export Exports data in bitmap, JPEG or XZ data format
Active Curve Determines which curve you are analyzing
Figure 4.4b Grid Parameters Menu
Color »
Filker »
Minor Grid
Scale..,
¥ Translate
Y Tkanslake
Ling Style. ..
User Preferences  #
Copy Clipboard
Prink
Export k
Ackive Curve g
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4.4.2 Depth Procedures

1. If no workspace is present, open a new worksfaite X New Workspace.

2. Open the image you wish to analygdd > Open > Captured Data File) or double click on
the browse view image.

3. Inthe workspace, position the cursor on the file name and right-click to access a functions
pop-up menu.

Figure 4.4c Functions Menu

Add Yiew Image
Add Group 30 Surface Plak
2000
Delete Depth
Delete Sub Items =
Zhange Title Roughness
v Permit Multiple Yiews Sieckion
Assian File .
Create AutoPrograrm Plare Fit
Run AutoPrograrm Lowpass
Erase
Median

4. In the pop-up menu, seleedd View > Depth.
5. You can view th®epth View usingoneof the following methods:

* Right-click on the image name in tiiéorkspaceand selecAdd View > Depth from
the popup menu.

Or

e SelectAnalyze > Depth from the menu bar.
Or

* Click theDepthicon in the upper tooIbaH

6. Using the mouse, left-click and drag a box on the area of the image to analyze.
The Histogram displays the depth correlation on this specified area.

Note: If no box is drawn, by default, the entire image is selected.
7. Adjust theMinimum Peak to Peakto exclude non relevant depths.

8. Adjust theHistogram Filter Cutoff parameter to filter noise in the histogram as desired.
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9. Note the results.

Note: To save or print the data, run the analysis idato Program

(seeSection 4.1).

Figure 4.4d Depth Interface

b Far I Data Zoom I 231.8 nm B Inputs
Murmber of histogram binz B4
Histogram filter cutaff 24.0 nm
Min peak to peak 1.00 nm
Left Peak Cutaff . 0.00 %
L Right Peak Cutaff 0.00%
Marmne | Walle | Report | Lirnits |
B Results
Peak to peak distance 124 rrn Yes Ma
inimum peak. depth 34.0 nm Yes Mo
b airmum peak depth 158 nm Yes Mo
Depth at histogram maximum 158 nm Yes MNa
L Mumber of peaks found 2 e Mo
15 |
10 !
i
5 i
|
' . ! B eI I
0.0 1: Height 5.0 pm 20 40 B0 B0 100 120 140 B0 180 s

4.4.3 Depth Interface

The Depth interface includes a captured imaggut parameterdResultsparameters and a
correlation histogram (séégure 4.4%

Figure 4.4e Depth Histogram

15

10

¥ [
160 180 nm

- 1 1
20 40 &1l g0 100 120 140
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Depth Input Parameters

The depth input parameters below define the slider cursor placement for determining the exact

depth of a feature.

Number of Histogram Bins

Histogram Filter Cutoff

Min Peak To Peak

Left Peak Cutoff

Right Peak Cutoff

Results Parameters:

Peak to Peak Distance

Minimum Peak Depth
Maximum Peak Depth
Depth at Histogram Max

Number of Peaks Found

The number of data points, ranging from 4 to 512, which result from the fil-
tering calculation.

Lowpass filter which smooths out the data by removing wavelength compo-
nents below the cutoff. Use to reduce noise in the Correlation histogram.

Sets the minimum distance between the maximum peak and the second
peak marked by a cursor. The second peak is the next largest peak to meet
this distance criteria.

The left (smaller in depth value) of the two peaks chosen by the cursors.
Value used to define how much of the left peak is included when calculating
the centroid. At 0 percent, only the maximum point on the curve is
included. At 25 percent, only the maximum 25 percent of the peak is
included in the calculation of the centroid.

The right (larger in depth value) of the two peaks marked by the cursors.
Value used to define how much of the right peak is included when calculat-
ing the centroid. At O percent, only the maximum point on the curve is

included. At 25 percent, only the maximum 25 percent of the peak is
included in the calculation of the centroid.

Depth between the two data peak centroids as selected using the line cur-
Sors.

The depth at which the smaller of the two peaks occurs.
The depth at which the larger of the two peaks occurs.
Depth at the maximum peak on the histogram.

Total number of peaks included within the data histogram.
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4.5 Power Spectral Density

The Power Spectral Density(PSD) function is useful in analyzing surface roughness. This
PsD function provides a representation of the amplitude of a surface’s roughness as a function of the

spatial frequency of the roughness. Spatial frequency is the inverse of the wavelength of the

roughness features.

ThePSDfunction reveals periodic surface features that might otherwise appear “random” and
provides a graphic representation of how such features are distributed. On turned surfaces, this is
helpful in determining speed and feed data, sources of noise, etc. On ground surfaces, this may
reveal some inherent characteristic of the material itself such as grain or fibrousness. At higher
magnificationsPSDis also useful for determining atomic periodicity or lattice.

Refer to the followingPower Spectral Densitysections:

NanoScope PSD MeasurementsSection 4.5.1

PSD and Surface Features:Section 4.5.2

PSD and Flatness:Section 4.5.3

Performing a Spectral Density Analysis: Section 4.5.4

Changing Parameters of the Spectrum Plot:Section 4.5.5

4.5.1 NanoScope PSD Measurements

ThePower Spectral Densityfunction computes the following information for the image:

Total power spectrum—Power is roughness amplitude squared, so power is in units of
length squared for a topographic image. Power spectrum is a plot of power as a function
of spatial wavelength or frequency.

1D PSB—A one dimensional power spectral density. Power spectral density is a plot of
the density, in spatial frequency space, of the power spectrum. Its units are length
squared divided by a one dimensional frequency, or 1 over length, which is length
cubed. A 1D PSD can be calculated in either the X direction of the data or in the Y
direction.

1D isotropic PSD—A different version of a one dimensional power spectrum.

2D isotropic PSD—A two dimensional power spectral density. Its units are length
squared divided by a two dimensional frequency, or 1 over length squared, which is
length to the fourth power. This is isotropic in the sense that it is an average taken over
all directions in the data.

RMS roughness values-Since the RMS roughness is the square root of the integral of
the PSD, over some wavelength or frequency interval, this calculation can be
conveniently done when one has the PSD.
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45.2 PSD and Surface Features

Consider the image iRigure 4.5a

Figure 4.5a Waveform Surfaces

2D Spectrum

This synthetic surface consists of essentially two dominant wave forms: a long period waveform
along the X-axis, and a shorter period waveform along the Y-axis. A 2 dimensional power spectral
density plot consists of two dominant spikes (one for each dominant wavelength), plus some
number of extra wavelengths inherent within the image. (These extra wavelengths may appear due
to fine surface features and/or side bands of the dominant wave forms.) Because of the sinusoidal
nature of the composite wave form, a relatively small set of spectral frequencies suffices to describe
the entire surface. By contrast, an image comprised of angular (saw-toothed or square) waveform
contains more spatial frequency components.

Over a given range of spatial frequencies the total power of the surface equals the RMS roughness
of the sample squared.

The frequency distribution for a digitized profile of length L, consisting of N points sampled at
intervals of ¢ is approximated by:

2d)| N Bho_pm-y |2 m-1
=_0 N -
PSD(f) N Z e z(n) for f N,
n=1
Where i =V-1, and frequencies, fange from% to'%2 . Practically speaking, the algorithm used

to obtain the PSD depends upon squaring the FFT of the image to derive the power. Once the
power,P, is obtained, it may be used to derive various PSD-like values as follows:

_ P
1D PSD= AT

isotropic PSD= 2
1D isotropic PSD= o

. . )
2D isotropic PSD= 7 (@0
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45.3

The terms used in the denominators above are derived by progressively sampling data from the
image’s two-dimensional FFT center ($égure 4.5).

Figure 4.5b Progressive Data Sampling

ot

f=1 pixel f=2 pixels f =3 pixels f =4 pixels

Each sampling swings a “data bucket” of given frequéngjnce samples are taken from the

image center, the sampling frequerfcis limited to le_z , Wheré\ is the scan size in pixels. This

forms the upper bandwidth limit (i.e., the highest frequency or Nyquist frequency) of the PSD plot.
The lower bandwidth limit is defined at 1/L.

PSD and Flatness

PSDis used increasingly as a metrology tool for evaluating extremely flat surfaces, such as
polished or epitaxial silicon. Generally, the desired surface is expected to adhere td*&btain
thresholds, signifying it meets a specified flatness criterion.

The main advantage gained over traditional RMS specifications B$faflatnesds qualified
through the full spectral range of interest. For example, one may specify spectral thresholds at
frequencies measured on the atomic scale, thus ensuring surfaces consist largely of uniform
lattices. Setting the precise thresholds for various materials remains a matter of debate.

Consider the image of epitaxial gallium arsenidgigure 4.5¢

Figure 4.5¢ Epitaxial Gallium Arsenide Image
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This surface is comprised of “terraces” formed from the material’'s natural lattice structure; each
terrace is one atomic monolayer thick and is spaced at fairly regular intervals. This degree of
flatness is handily evaluated with PSD, as the terraces produces a spectral spike corresponding to
their spacing wavelength. A PSD plot for this type of surface generally takes the form shown in

Figure 4.5d
Figure 4.5d PSD Plot for Terraced Sample
Special spike corresponding to “terrace” spacings on surface
3D Isotropic PSD /
10*
S 4
D
. . ‘HHH||.III||||||||||||| .
10! A 107

Wavelength (mm/cycle)

This tapered PSD plot is characteristic of flat, isotropic surfaces. Longer wavelengths are present
up to the scan width, and are accompanied by uniformly decreasing powers of shorter wavelengths
down to 2 pixels. On the plot shown above a spike stands out, corresponding to the wavelength
spacing of the terraced features. Depending upon the qualitative standards of the person evaluating
such a plot, this spike may exceed a threshold standard of flatness.

4.5.4 Performing a Spectral Density Analysis

To use thePSD Analysisfunction, perform the following procedures:

1. SelecWiew > Browsefrom the menu bar, then open the image you wish to analyze by
double-clicking it.

2. You can view th&SD Analysis Viewusingoneof the following methods:

* Right-click on the image name in tiiéorkspaceand selecAdd View > PSDfrom the
popup menu.

Or
» SelectAnalyze > PSDfrom the menu bar.
Or

» Click thePSDicon in the upper toolbar PP
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ThePSDwindow opens to allow spectral density plotting on the Display MonitoiHigeee 4.5%

Figure 4.5e PSD Analysis

Compute PSD Buttons

Once thePSD analysiswvindow is opened, select the type of spectral density analysis you wish to
perform by clicking the appropriate button aboveResultswindow.

2D Isotropic—Executes a two-dimension@bwer Spectral Densityanalysis.

Horizontal Axis—Executes a one-dimensioi&wer Spectral Densityanalysis along the X-axis.
Vertical Axis—Executes a one-dimensiorigdwer Spectral Densityanalysis along the Y-axis.
The calculation begins as soon as the button is selecte®@Shand a table of values from the

graph are shown in tHeesultswindow. Completion of the analysis will also result in a
topographical histogram in the spectrum plot window Sgere 4.5§.
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Figure 4.5f Power Spectral Density Histogram
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Results Display

TheResultswindow displays thélame andValue of the procedures performed durin§aD

analysis. The teal shaded area in the display window corresponds to the area designated by the teal
cursor on théower Spectral Densityhistogram, and the purple shaded area corresponds to the
purple cursor. The operator can select to have a report generated fBiesattitisplayed by

toggling theReport window betweeryesandNo. Right-clicking in theResultswindow will open

a popup menu (sdegure 4.5y that allows you to set the result properties, select the parameters

that will be displayed, and export the results data to the clipboard as a text file.

Figure 4.5g Power Spectral Density Display
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Set Properties

The operator can select the wavelength properties forReslitswindow parameter by selecting
Set Propertiesfrom theResultspopup menu, which opens tResult Propertieswindow (see
Figure 4.5h, and entering the linimum Value and aMaximum Value. Checking théreport

Value check box will change theeport window fromNo to Yesfor that particular parameter.
WhenPSDis being used as part of AntoProgram (seeAutoProgram: Section 4.1}, Checking

the Check Limits box will cause the analysis to fail if the results are not within designated limits.

Figure 4.5h Result Properties Window

Result Properties

Set Properties for Wavelength

21|

Minimum Value:

98050E645e+018

Mairum Y alue: |9.599599980505
[~ ReportVaue | Check Limits
[ x| Cancel |

Select Displayed Parameters
The operator can select whiBesultswill or will not be displayed in th®esultswindow by

Right-clicking in theResultswindow, selectingoggle Show Allfrom the popup menu, and
checking or unchecking the appropriate boxes fsgere 4.5).

Figure 4.5i Select Show All On/Off Check Boxes

M ame I Walue | Repol =~
B [¥] Results
135 pm Mo
0.00742 fum [
789 nm? [y
106297320 nm? Moy
65744 nm* Mo
1193515155456 nm4 | No
= 1.17 pm ]
0.554 fum Mo
1.43 nm? M
192235 nm? Mo
1.91 nm? Mo
34627276 nmd Mo
Total Power 8111 nm? No
Equivalent RMS 20,1 nm No —
Power Between Cursors 8065 nm? No
F3l Cmiiiimlamt Mbac N O mes I m.-..L'_I
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Export Text

Selectingexport Text from the popup menu will copy the text from fResultswindow, in tab-
delimited text format, to the Windows clipboard. You may then paste it into a text or word
processing program.

4.5.5 Changing Parameters of the Spectrum Plot

TheSpectrum Plotwindow displays results of tHeSDanalysis (se€igure 4.5). The window has

two cursors whose color corresponds to the shaded areasRaghkswindow. You can move

either of these cursors within tBpectrum Plotwindow by placing the cross hair cursor directly

over the cursor, clicking and holding the left mouse button, and dragging the mouse to the left or
right. You can also move both cursors simultaneously by left-clicking the mouse with the cross hair
cursor anywhere between the two cursors and dragging to the left or right.

To change the parameters of ®yectrum Plot, right-click in theSpectrum Plotwindow at the
bottom of the display and choose from the popup menu.

Figure 4.5] Spectrum Plot Parameter Menu

140MICRO : PSD <> -10] x|

327.8 nm | [ Compute FSD
’V | 2D Isotropic | Horizontal Axis WVertizal Axis I

Name | Value | Report | Limits
9,62 pm Mo Mo
0.104 fum Mo Mo
1482 nm: Mo Mo
199633344 nm? | No Mo
8185 nm* o Mo
1,06 pm o Ho
0.943 fum Mo Mo
0.169 nm* Mo Mo
22824 nm? Mo Mo _
0.936r  Color an
Total Power 42750 Fier N
Equivalent RMS 65,400 Minor Grid |
Power Between Cursors 25180 Scale.. |
L Equivalent RMS 50.2nn % Translate Ll
Y. Tramslate
Line Style...
r , Pt Do User Preferences b
. i ypet |
0.0 1: Height 134.7 pm :I Copy clipboard
) Print
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orizontal Axis ’ — )
4
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= 2 :
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Frequem:y /n
Teal Cursor Popup Menu  Purple Cursor Spectrum Plot
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Spectrum Plot Popup Menu Items

Color—Changes the colors of the curves, text, background, grid lines, minor grid lines (if
selected), and the marker pairs (Begire 4.5K.

Filter—Selects Filter type and points (dagure 4.5).

Minor Grid —Shows/hides minor grid lines

Figure 4.5k Color Menu ltems

Color » Curve »
Filcer P Text
Minor Grid Background
Grid
ate Minor
Jate Marker >

Line Style...
User Preferences P

Copy Clipboard
Print
Export >

Active Curve »

Figure 4.5 Filter Menu Items

Colar L Colar 4

Minor Grid Foints » v Mean Minor Grid 4K
Scale. .. T Taxinurm Scale. .. v K
¥ Tramslate G % Translate 16K
Y Translate ¥ Translate 32K
Line Skyle. .. Line Style. ..

User Preferences ¢ User Preferences  #

Copy Clipboard Copy Clipboard

Print Prink

Expork 4 Export 4

Ackive Curve 4 Active Curve 4

Scale—Sets the vertical axis range, the center of the range, or allow the software to autoscale (see
Figure 4.5n).

Line Style—Changes the line style of the Spectrum Plot graphical displayigee 4.5).
User Preferences-You can either save all changes made to the graphical display, or restore

previously saved settings (ségure 4.59. Savewill result in all graphical displays maintaining
any design changes made to this display.
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Copy Clipboard—Copies the graphical display only to the Windows clipboard, allowing it to be
pasted into any compatible Windows program.

Print—Prints the graphical display only to a printer.

Export—Saves the graphical display as a JPEG graphic, a Bitmap graphic, or as an XZ Data file
text, which can be read in a database program (i.e. Excel).

Active Curve—Changes the curve displayed when more than one curve has been plotted. (Does
not occur in PSD).

Figure 4.5m Scale Settings Dialog Box
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" Use curve mean
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Figure 4.5n Line Style Display
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Figure 4.50 User Preferences Menu

Color L

Filter L4

Minor Grid

Scale...

% Translate
Translate

Line Style...

User Preferences » Restore
Save

Copy Clipboard L

Print
Export >
Active Curve L4

4.6 Roughness

.

TheRoughnesscommand generates a variety of statistics on surfaces, including classical
roughness values, and peak and zero crossing data. “Image” statistics are reported for the entire
image. “Box” statistics are reported only for the region you define within a cursor box. In addition,
the data can be augmented watbpbands(excluding features) to isolate desired analysis.

Refer to the following sections dgoughness
* Roughness Theory: Section 4.6.1
* Roughness ProceduresSection 4.6.2
* Roughness InterfaceSection 4.6.3

Most industrial standards for roughness measurement call for planefittingefiatecalculating

values. Planefitting applies a temporary, first-order planefit before calculating statistics. On many
surfaces, especially those which are tilted, this yields different values from those seen in raw
(unplanefitted) data. Moreover, peripheral features included within the analyzed region may
produce cumulative results uncharacteristic of the feature(s) of interest. To ensure the best results,
you should observe the following rules when ustogighnessanalysis:

» If the image shows signs of second- or third-order distortion (e.g., bow due to large
scans on large scanners), apply a second- or thirdJelatéen andPlanefit to the
imagebeforeusingRoughnessanalysis.

» Isolate your analysis to specific areas of the image. This may be accomplished by using
the box cursor iRoughnesgo analyze only select portions of the image.
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4.6.1 Roughness Theory

Regarding the effects #flanefitting on Roughnessstatistics-WhenRoughnessanalysis is

applied to an image, statistical values are calculated according to the relative heights of each pixel
in the imagePlanefitting (used to correct images for tilt and bow) reorients these pixels in a

manner which can affect roughness statistics dramatically on some surfaces. This is especially true
of surfaces having broad, coplanar features. Planefitting can be applied at the time of file capture
usingOffline planefit from aChannel panel, or via th&nalyze > Plane Fit function.

WhenRoughnessanalysis is applied to an image, the image data is automatically planefit
beforehand. This is done to accord with ASME and ISO metrological standards. (ORguthe

mean parameter is exempt from this operation, being calculated from raw data only.) To avoid
unexpected results due to planefitting, be certain to &plghnessanalysis only to the surface(s)

of interest by utilizing a cursor box, or by scanning just the specific site of interest. Including
peripheral features within an analyzed area may produce cumulative results uncharacteristic of the
feature(s) of interest.

The relationship between the zero plane and the data also changes according to the setting of the
Offline planefit parameter. If th©ffline planefit parameter is set fdonethe offset is not

removed from the data and it is very possible that the zero plane does not intersect the data. The
other settings of the parameter subtract the average Z value from every point in the image so the
data varies around the zero plane.

Regarding Basic Roughness MeasuremeAtgerage roughness fRs one of the most commonly
used roughness statisti€sgure 4.6aepresents two surfaces having the same average roughness.

Similarly, a number of other roughness values are based upon least-squares calculations (e.g., RMS
roughness, or §, and their algorithms are more concerned with a best fit of all height points than

with the spatial frequency of features.

The surface of imag is represented as having a high frequency profile of features. Bnage
represents a separate surface having the same average feature height, but distributed at wider
(lower-frequency) intervals. In terms of average and RMS roughness, both surfaces are equally
rough. If you are interested in differentiating between the two, you must rely upon other statistical
parameters such as Power Spectral Density.

Figure 4.6a Basic Roughness Measurements

Best-fit plane
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4.6.2 Roughness Procedures

Example of Using Roughness Analysis
For generaRoughness Analysiscomplete the following procedures:

1. Select an image file from the file browsing window at the right of the main window. Double
click the thumbnail image to select and open the image.

2. You can view th®oughness Viewusingoneof the following methods:

* Right-click on the image name in tiidorkspaceand selecfAdd View > Roughness
from the popup menu.

Or
» SelectAnalyze > Roughnesgrom the menu bar.
Or
» Click theRoughnesscon in the upper toolba
3. TheRoughnessView appears showing results for the entire image.

4. To performRoughnesaneasurements within an area, left-click and move the mouse to draw
a measurement box. Click on tBgecutebutton to calculate thRoughnessnside the box.

5. To exclude an area, right-click in the image to access a pop-up menu an8teglband.
Using the mouse, draw a box around the area to be excluded by the stop band command.
Click on theExecutebutton to calculate thRoughnessoutside the box.
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4.6.3 Roughness Interface

The Roughnessview shows the image along withput parameters andResultswindow.

Note: Some parameters are reported only when certain subroutines are turned on.

Figure 4.6b Roughness Display

crystal.spm : Roughness <Salt Crystals= =100 x|
Data Zoom 250.0 nm | |_Mame [ Value [ Repot [ Linits
B Results -
— Image Raw mean 144 nm ‘fes Mo
— Image Mean 0.0586 nm Ves Mo
— Image Z Range 345 nm Yes Mo
= Image Surface ares 96,7 pm2 Yes Mo
[~ Image Projected surface arsa 94,2 pm? Ves Mo
— Image Surface area difference 4.77 % ‘fes Mo
 ImageRq 45,6 nm Ves [
— Image Ra 37.9 nm Ves Mo
= Image Rmax 346 nm Yes Mo
[~ Raw mean 0.00 nm Ves Mo
— Mean 0.00 rrn Yes Mo
— ZRange 0.00 nm ‘fes Mo
— Surface area 0.00 pm? ‘fes Mo
[~ Projected surface area 0.00 pm? Yes Mo Results
[ Surface area difference 0.00 % Yes Mo Parameters
— Rq 0.00 nm Yes Mo
- Ra 0,00 nm Ves Mo
= Rmax 0.00 nm ‘fes Mo
— Skewness 0.00 nm ‘fes Mo
— Kurkosis 0.00 nm Ves Mo
— Rz 0.00 nm Ves Mo
0.0 1: Height 9.7 |.lm| b RaCount .00 Yes N
= Max peak ht (Rp) 0,00 rm Ves Mo
Execute b= Aw max ht (Rpm) 0.00 nm Ves Mo
= Max depth (R} 0.00 nm Ves [
t[E tops b & max depth (Rvm) 0.00 nm Yes Mo
Peak on = Line density 0.00 fum Yes Mo
InpUt Peak threshold reference Zern [ Box x dimension 0.00 prm es Mo
Parameters Peak threshold value type fbsolute value — Boxy dmension DD Ves Mo =
Peak threshold value 0.00 nm
= L Zero Crossing on
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Input Parameters

Peak

ThePeak feature, when switchedn, isolates specified height portions of the image (peaks) from
background data. Peaks are specified usinBeh& Thresholdparameters, either in terms of their
absolute height or their deviation from the RMS value of all surface data, and relative to either the
highest data point (Peak) or the mean (Zero). WReak is turnedOn, portions of the image

contained within the box cursor and falling within the specified boundaries are retained; all other
data is removed.

Range or Settings—WhenPeak s turnedOn, thefollowing subcommands are activated (see
Figure 4.6%:

Peak Threshold TheReferencebuttons select whether the threshold is defined relative to
Reference theZero (lowest) value, or the talleBeak in the selected region.

Peak Threshold TheValue Typedetermines whether the threshold is defined as an abso-
Value Type lute distance from the reference point in nanomefdrsdlute valug or
a percentage of the root-mean-squé&mg %) of the Z values.

Peak Threshold TheValueis an absolute distance from the reference point in nanometers
Value (Absolute value) or a percentage of the root-mean-square (Rms %) of the
Z values.

WhenPeak is turnedOn, the following statistical parameters are turned onPAHk parameters
are calculated from the thresholds you define withP#ek subcommands.

* Rz

* Rz count

* Max peak ht (Rp)

e Av. Max ht (Rpm)

* Max depth (Rv)

e Av. max depth (Rvm)

WhenPeakis turnedOff, statistics are not calculated.
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Figure 4.6¢ Input On Parameters
=10/ x|

[Z]crystal.spm : Roughness <Salt Crystals>

DataZoom Mame [ Value [ Report_ | Limits
B Results

L -l [~ Image Raw mean 144 nm es Mo
[~ Image Mean 0.0586 nm Yes Mo
|- Image Z Range 345 nm Yes Mo
I Image Surface area 98,7 um# es Mo
I Image Projected surface area 94,2 pm? es Mo
— Image Surface area difference  4.77 % Yes Mo
[ Image Rg 45.6 nm es Mo
[~ ImageRa F7.9nm Yes Mo
[~ Image Rmax 346 nm Yes Mo
~ Rawmean 0.00 nm ‘Yes Mo
~ Mean 0.00 nm Yes Mo
~ ZRange 0.00 nm Yes Mo
 Surface area 0.00 prm® es Mo
[~ Projected surface area 0,00 pm? Yes [i=3
[ Surface area difference 0.00 % Yes Mo
- Rryg 0,00 nm ‘es [
~ Ra 0.00 nm Yes Mo
— Rmax 0.00 nm Yes Mo
[ Skewness 0.00 nm Yes Mo
[~ Kurtosis 0.00 nm es Mo
~ Rz 0,00 nm es Mo
qu 1: HEIghl 9.7 |.l|TI‘ [~ Rz Count 0.00 ‘Yes Mo
I Max peak ht (Rp) 0.00 nm es Mo
Execute - &v max ht (Rpm) 0.00 nm Yes ho
~ Max depth (Rw) 0.00 nm Yes Mo
B Inputs i~ Av max depth (Ryvm) 0.00 nm Yes [i=3
Peak Input Parameter ON Pask on [ Line densty 0.00fum - Yes o
Peak threshold reference zera [ e OEmpm RS o
Peak threshold value bype Absolute value = G GEAE 0.00um res Mo

Peak threshold value 0.00 nm

L zera Crossing on

|
Zero Crossing
Input Parameter ON

Zero Crossing

A zero crossing is a point where the Z values go through zero regardless of slope. This value is the
total number of zero crossings along both the X and Y center lines divided by the sum of the box
dimensions.

Range or Settings—¥henZero crossingis turnedOn and you click th&xecutebutton, the

number of zero crossings along the X and Y center lines of the box cursor is determiféglifsee

4.60). The number of zero crossings is divided by the sum of the lengths of the X and Y center lines
and reported as thene density.

WhenZero crossingis turnedOff, the zero crossing determination is not performed.
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Results Parameters

Statistics used by the Roughness routine are defined in this section. The terms are listed
alphabeticaly. Most are derived from ASME B46.12 (“Surface Texture: Surface Roughness,
Waviness and Lay”) available from the American Society of Mechanical Engineers, which should
be consulted.

Rz This is the average difference in height between the five highest peaks and
five lowest valleys relative to tidean Plane In cases where five pairs of
peaks and valleys do not exist, this value is based on fewer points.

Av max Depth (R,n,) Average distance between the five lowest profile points and the mean data
plane.

Av max ht (Rym) Average distance between the five highest profile points and the mean data
plane.

Box x Dimension The width of thel x box cursor you define.

Box y Dimension The length of théy box cursor you define.

Image Mean Mean value of data contained within the image.

Image Projected surface Area of the image rectangle (X xY).

area
Image R, Arithmetic average of the absolute values of the surface height deviations

measured from the mean plane.

1 N
Ra= N > 17
j=1

Image Raw mean Mean value of image data without application of plane fitting.
Image Rnax Maximum vertical distance between the highest and lowest data points in

the image following the planefit.
Image R, Root mean square average of height deviations taken from the mean

image data plane, expressed as:

Sz’
N

Image Surface area The three-dimensional area of the entire image. This value is the sum of

the area of all of the triangles formed by three adjacent data points.
Image Surface Area Difference between the image’s three-dimensi@uaface areaand two-
Difference dimensional projected surface area.
Image Z range Maximum vertical distance between the highest and lowest data points in

the image prior to the planefit.
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Kurtosis

Line Density

Max Depth (R,)
Max Height (Rmax)

Max Peak ht (Ry)

Mean

Mean Roughness (R)

Projected Surface Area

Raw Mean

Rms (Ry)

Rz Count

This is a non-dimensional quantity used to evaluate the shape of data
about a central mean. It is calculated as

N

._ 11 4

Kurt05|s——4NZZj
Re Ti=1

Graphically, kurtosis indicates whether data are arranged flatly or sharply
about the mean.

The number of zero crossings per unit length on the X and Y center lines
of the box cursor. A zero crossing is a point where the Z values go through
zero regardless of slope. This value is the total number of zero crossings
along both the X and Y center lines divided by the sum of the box dimen-
sions.

Lowest data point in examined region.

Maximum vertical distance between the highest and lowest data points
within the cursor box.

Maximum peak height within the analyzed area with respect to the mean
data plane.

The average of all the Z values within the enclosed area. The mean can
have a negative value because the Z values are measured relative to the Z
value when the microscope is engaged. This value is not corrected for tilt
in the plane of the data; therefore, plane fitting or flattening the data
changes this value.

Arithmetic average of the absolute values of the surface height deviations
measured from the mean plane within the box cursor:

N
1
Ra = NZ 1Zj
=1

Area of the selected data.

Mean value of image data within the cursor box you define without appli-
cation of plane fitting.

This is the standard deviation of the Z values within the box cursor and is
calculated as:

where Z is the current Z value, and N is the number of points within the

box cursor. This value is not corrected for tilt in the plane of the data;
therefore, plane fitting or flattening the data changes this value.

Number of Surface peaks taller than the threshold.
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Skewness Measures the symmetry of surface data about a mean data profile,
expressed as:

N
1 1 3

Skewness= 3N Z Z
Ry i=1

where R, is the Rms roughness. Skewness is a non dimensional quantity
which is typically evaluated in terms of positive or negative. W5&esv-
nessis zero, an even distribution of data around the mean data plane is
suggested. Whei®kewnessds strongly non-zero, an asymmetric, one-

tailed distribution is suggested, such as a flat plane having a small, sharp
spike (> 0), or a small, deep pit (< 0).

Surface Area The three-dimensional area of the region enclosed by the cursor box. This
value is the sum of the area of all of the triangles formed by three adjacent
data points.

Surface Area Diff Difference between the analyzed region’s three-dimens&unédce area
and its two-dimensional, footprint area.

Z Range Peak-to-valley difference in height values within the analyzed region.

4.7 Section

The Sectioncommand displays a top view image, upon which a single reference line may be
% drawn. The cross-sectional profiles and fast Fourier transform (FFT) of the data along the reference
line is shown in separate windows. Roughness measurements are made of the surface along the
reference line you define.

Sectionis probably the most commonly us&dalyze command,; it is also one of the easiest
commands to use. To obtain consistently accurate results, ensure your image data is corrected for
tilt, noise, etcheforeanalyzing withSection

e Sectioning of Surfaces: OverviewSection 4.7.1

» Section ProceduresSection 4.7.2

* Section Interface:Section 4.7.3
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4.7.1 Sectioning of Surfaces: Overview

Samples are sectioned to learn about their surface profileSettiencommand does not reveal

what isbelowthe surface-only the profile of the surface itself. When sectioning samples, you

should first ascertain surface topology. Depending upon the topology and orientation of the sample,
the results oSectionanalysis may vary tremendously.

Figure 4.7a Section Analysis Orientation

Y’/
[

In Figure 4.7athe sample surface (a diffraction grating) is sectioned along three axes. Sections 1
and 2 are made perpendicular to the grating’s rules, revealing their blaze and spacings. (Sections 1
and 2 may be compared simultaneously using two fixed cursor lines, or checked individually with a
moving cursor.) Section 3 is made parallel to the rules, and reveals a much flatter profile because of

its orientation.

The Sectioncommand produces a profile of the surface, then presents itSeckiengrid (see
Figure 4.7h.
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Figure 4.7b Section Command Profile

Generally,Sectionanalysis proves most useful for making direct depth measurements of surface
features. By selecting the type of cursor (fixed, moving, or average), and its orientation to features,
you may obtain:

» Vertical distance (depth), horizontal distance and angle between two or more points.
* Roughness along section line: RMS, Rypax Ry
» FFT spectrum along section line.

Features are discussed below. Refd®®aaghness:Section 4.€or additional information
regarding roughness calculations.

Using the Grid Display

Measurement cursors for histogram and cross section views in depth and section are provided to the
left and right of theGrid Display. You can bring the cursors into the grid by placing the mouse

cursor onto the measurement cursors, clicking and holding the left mouse button, and dragging
them onto the grid. When you place the mouse cursor onto a measurement cursor, the cursor will
change to a horizontal or vertical double-arrow cua>r , which indicates you can grab and drag

this cursor.

Right-clicking on the grid will bring up th&rid Parameters menu (seéigure 4.4p and allow
you to make the following changes:

Color Allows operator to change the color of the
e Curve (data)
e Text
» Background
* Grid
e Minor
e Marker
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Filter

Minor Grid

Scale

Line Style

User Preferences

Copy Clipboard
Print
Export

Active Curve

Typically used for a Profiler Scan.

* Type—Select None, Mean (default), Maximum, or Minimum
« Points—Select 4k, 8k (default), 16k, or 32k

Places a minor grid in the background of the Vision Window.

Allows user to auto scale, set a curve mean, or set their own data

range

For each curve, the operator can choose a connect, fill down, or point

line.

Restore-Reverts to initial software settings

Save—Saves all changes operator has made during this session. This
becomes the new default settings.

Copies the grid image to the Microsoft Clipboard

Prints out the current screen view to a printer

Exports data in bitmap, JPEG or XZ data format

Determines which curve you are analyzing

Figure 4.7c Grid Parameters Menu

Eilter k
tirar Grid

Scale...

Translate

Line Style...

EIE -

Background
Grid

birnor

b arker

k

4

Uzer Preferences *

Copy Clipboard

Print
Expart k
Active Curve k
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4.7.2 Section Procedures

1. Select an image file from the file browsing window at the right of the main window. Double
click the thumbnail image to select and open the image.

2. You can view th&ection Viewusingoneof the following methods:

* Right-click on the image name in tiidorkspaceand selecAdd View > Sectionfrom
the popup menu.

Or
» SelectAnalyze > Sectionfrom the menu bar.

Or

» Click theSectionicon in the upper toolbd @

3. Before doing a section analysis, ensure that the image is properly oriented by removing any
tilt or bow. This is especially important if a high level of precision is to be employed in
measuring the blaze angle.

4. To remove any tilt which might be present, sefawilyze > Plane Fit Set thePlanefit
Order parameter in the panel ist, then click theExecutebutton. The image is fitted to a
plane (“leveled”) by fitting each scan line to a first-order equation, then fitting each scan line
to others in the image. At this point, the image has not been appreciably altered, it has only
been reoriented slightly.

5. In Section Analysis, to make a single-line section of the image, use the mouse to draw a line
through the image, as rigure 4.7¢and note the results.

o

Move the grid cursors along the section to make measurements.

Figure 4.7d Mouse Drawing Line

Use the mouse to drag a line
cursor across the image.

1570-110
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4.7.3 Section Interface

When a line is drawn on the image, the cross-sectional profile is displayed in the upper right
window, and the FFT spectrum along the line is displayed directly below ipe® 4.7 More
detail about the FFT algorithm used may be found at http://www.fftw.org.

The markers may be positioned in the profile and FFT spectrum. The results window at the bottom

of the display lists roughness information based on the position of the presently selected reference
markers. Each marker pair is color coordinated with the data in the results window.

Figure 4.7e Section View

Section

Fat D ata Zoom I

300.0 nm

Spectal Period 0.293 pm Spectral Freq 3.41 Aum
Spectral RS Ampl. 1.81 nm Time Dep Freq: 68.20 Hz

0.0 1: Height 10.0 gm

Hoiizontal Dist, “ertical Dist. [nm gle [ Fia [Freg cutoff] [ni
1.060 0.650 2.000 0.400 0219
62.874 0.000 0.000 12,695 29.846

Grid Markers:

A pair of markers in the section grid and a single marker in the spectrum grid will automatically be
drawn. Place the mouse cursor on the desired marker and left-click to move.

Marker pair O Default display color is blue. Slide the markers into the grid from the left or right side by
clicking and holding the left mouse button. Data between the two markers will be dis-
played in the results window at the bottom of the display screen in blue.

Marker pair 1 Default display color is red. Slide the markers into the grid from the left or right side by
clicking and holding the left mouse button. Data between the two markers will be dis-
played in the results window at the bottom of the display screen in red.
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Marker pair 2 Default display color is green. Slide the markers into the grid from the left or right side
by clicking and holding the left mouse button. Data between the two markers will be
displayed in the results window at the bottom of the display screen in green.

Spectrum Marker Displays the third slider cursor location along the spectral data (e.g., FFT Spectrum).

Results Parameters:

The standard deviation RM&4), mean roughnes&g), the maximum heighRmax), and the
10-point roughnes$R) for the segment between the reference markers are also listed in the
Resultsparameter grid.

Results Parameters:

Length Length of the roughness curve.
RMS (Standard Devia- Standard deviation of the Z values between the reference markers, calcu-
tion) lated as:

RMS = ¢ = /L(Z‘_Za"e)z
N

wherezj is the currenk value,Zgyeis the average of the Z values

between the reference markers, &hd the number of points between the
reference markers.

Ra (Mean Roughness) Mean value of the roughness curve relative to the center line, calculated
as:

L
1
R, = EI\f(x)\dX
0

whereL is the length of the roughness curve grjlis the roughness
curve relative to the center line.

Rmax (Maximum Height) Difference in height between the highest and lowest points on the cross-
sectional profile relative to the center line (not the roughness curve) over
the length of the profile, L.

Rz (Ten-Point Mean Average difference in height between the five highest peaks and five low-

Roughness) est valleys relative to the center line over the length of the profile, L. In
cases where five pairs of peaks and valleys do not exist, this is based on
fewer points.

Freq. Cutoff (um) Frequency Cutoff measured in terms of a percentage of the root mean
square.

Changing the cursor on the FFT chanigeshe cutoff length of the high-pass filter applied to the

data. The filter is applied before the roughness data is calculated; therefore, the position of the
cutoff affects the calculated roughness values.

* RZ Count—number of peaks used for rz computation
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Radius—radius of circle fitted to the data between the cursors

Radius Sigma—mean square error of radius calculation

Surface Distance—distance measured along the surface between the cursors
Horizontal Distance—horizontal distance between the cursors

Vertical Distance—vertical distance between the cursors

Angle—angle of the imaginary line drawn from the first cursor intercept to the second
cursor intercept

Spectral Period—spectral period at the cursor position
Spectral Frequency—spectral frequency at the cursor position

Spectral RMS Ampl—amplitude at the cursor position

Mouse Operations for a Line Cursor:

Mouse down, dragAnchors the origin of a line segment and expands from the selected
position, allowing a line segment to be drawn in any direction.

Mouse up-Anchors the terminal point of the first (dashed) line segment and draws a
moving reference line perpendicular to the fixed-line segment. The cross-sectional
profile and the FFT along the reference line are displayed at this time. The position of
the moving reference line tracks the movements of the mouse. When the mouse is
stationary, the cross-sectional profile and the FFT of the data along the moving reference
line is updated on the Display Monitor.

Clicking on the center of the line and dragging moves the line on the image.

Clicking on either end of the line rotates the line.
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Mouse Operations for Box Cursor (Right-Click Selection):

« 1st click—Anchors the origin of a box and “rubber bands” out from the center of the
selected position.

* As areference, the cursor positions show up on the center line in the box.

* Clicking on the box-Allows the box to be moved (cursor inside box), or resized (cursor
on edge of box). Clicking on the corner allows the box to be resized in two directions.

* Holding theShift button down while clicking on the box and dragging in a circular
direction rotates the box.

4.8 Step

The Stepcommand makes relative height measurements between two regions (steps) on sample
m surfaces. Typical applications include measuring film thickness and etch &pphsorks
similarly to aSectioncommand with an averaging box cursor, but its operation is simplified.

Stepdisplays a top view of the image, then a reference line is drawn across the regions to be
measured. A height profile is generated from averaged data on either side of the reference line.
Cursors—which are moved along the profilelefine specific regions (steps). These may be
measuredNleasure button) relative to each other, with or without data levelireyél button).

4.8.1 Step Interface

The Step interface, shownhigure 4.8aincludes a captured image and a graph of averaged height
within a selected box. Two pairs of cursors (one black and one red) can be moved across this profile
to define the steps to be measured. The region between each cursor defines a “step.” The marker
position is shown below the height graph.
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Figure 4.8a Step Interface

B m 15 20 25 30 35 40

B Grid Markers

tharker 1 7.49 pm
P Marker 2 15.0 pm
ﬁ tarker 3 22,5 pm
L
Restore Marker 4 29.9 pm
Mame | Walue | Repart | Lirnits |
B Results
I . L wertDist  11.2nm  Yes Mo
0.0 1: Height 45.1 pm

Stepheight Display Menu Commands

Level

Reorients the profile so that the average height of each step region (between cursor pairs) is equal.

Figure 4.8b Level Option Profile

150

100

an

-50

-100

Original Profile

Level Option Applied
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Measure

Displays the relative height between steps.

Restore

Returns the profile to its original, unleveled form. (Deselects the Level option.)

Results

vertDist

Displays the difference between the average height of each region (between cursor pairs).

Mouse Operation (within image)

» 1st click—Anchors the origin of a line segment and “rubberbands” from the selected
position, allowing the line segment to be drawn in any direction.

» 2nd click—Anchors the terminal point of the first line segment and draws a box along
the fixed-line segment. The average profile of the lines perpendicular to the segment and
confined by the box is displayed.

* As areference, the cursor positions also show up as red and green lines in the box.

» 3rdclick—Allows the box to be moved (cursor inside box), or resized (cursor on edge of
box). Clicking on the corner allows the box to be resized in two directions.

» 4thclick—Fixes the box position or size.

Using the Grid Display

Measurement cursors for histogram are automatically positioned based on the numerical values
selected in thénput fields. Right-clicking on the grid will bring up tlé&rid Parameters menu
(seeFigure 4.9p and allow you to make the following changes:

Color Allows operator to change the color of the:
« Curve (data)
o Text
« Background
e Grid
e Minor Grid
* Markers
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Filter

Minor Grid

Scale

Line Style

User Preferences

Copy Clipboard
Print
Export

Active Curve

4.9 Width

To analyze the width of features you have numerous choices which measure the height difference

Typically used for a Profiler Scan.
« Type—Select None, Mean (default), Maximum, or Minimum
¢ Points—Select 4k, 8k (default), 16k, or 32k

Places a minor grid in the background of\tigon window.

Allows user to auto scale, set a curve mean, or set their own data
range

For each curve, the operator can choose a connect, fill down, or point
line.

Restore—Reverts to initial software settings

Save—Saves all changes operator has made during this session. This
becomes the new default settings.

Copies the grid image to the Microsoft Clipboard
Prints out the current screen view to a printer
Exports data in bitmap, JPEG or XZ data format

Determines which curve you are analyzing

Figure 4.8¢c Grid Parameters Menu

Color »
Filter r
Minor Grid

Scale..,

x Translate

W Translate

Line Style. ..

User Preferences  #

Copy Clipboard

Prink
Export 4
Ackive Curve [

between two dominant features that occur at distinct heldsh was primarily designed for
automaticallycomparingfeature widths at two similar sample sites (e.g., when analyzing etch
depths on large numbers of identical silicon wafers).

TheWidth command is designed to automatically measure width between features distinguished

by height, such as trenches and raised features.
This algorithm utilizes many of the same functions fouridepth analysis by accumulating height

data within a specified area, applying a Gaussian low-pass filter to the data (to remove noise), then
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49.1

rapidly obtaining height comparisons between two dominant features. For example, 1) the depth of
a single feature and its surroundings; or, 2) depth differences between two or more dominant
features. Although this method of width measurement does not substitute for direct, cross-
sectioning of the sample, it does afford a means for comparing feature widths between two or more
similar sites in a consistent, statistical manner.

TheWidth command is best applied when comparing similar features on similar sites. Width
measurement on dissimilar sites is better performed usirgeitteoncommand.

Refer to the following sections alidth analysis:
e Width Theory: Section 4.9.1
* Width Procedures:Section 4.9.2

e Width Interface: Section 4.9.3

Width Theory

TheWidth command accumulates width data within a specified area, applies a Gaussian low-pass
filter to the data to remove noise, then obtains width comparisons between two dominant features.
Although this method of width analysis does not substitute for direct, cross-sectioning of the
sample, it affords a means for comparing feature width between two similar sites in a consistent,
statistical manner.

The display screen includes a top view image and a histogram; depth data is displayed in the results
window and in the histogram. The mouse is used to resize and position the box cursor over the area
to be analyzed. The histogram displays both the raw and an overlaid, Gaussian-filtered version of
the data, distributed proportional to its occurrence within the defined bounding box.

Histogram

Raw Data

Histograms for depth data are presented on the bottom Wfitlle window. The histogram peaks
correspond to the different parts of the image (Sgare 4.9
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Figure 4.9a Width Histogram Analysis

40

Analyzed area

80

120

Depth [nm]

160
L

b 050 10
Correlation

Note: Color of cursor, data, and grid may change if user has changed the settings.
Right-click on the graph and go @lor if you want to change the default
settings.

Correlation Curve

TheCorrelation Curve is a filtered version of theaw Data Histogramand is located on the

Raw Data Histogramrepresented by a red line. Filtering is done usinddikgram filter cutoff
parameter in thinput parameters box.The larger the filter cutoff, the more data is filtered into a
Gaussian (bell-shaped) curve. Large filter cutoffs average so much of the data curve that peaks
corresponding to specific features are unrecognizable. On the other hand, if the filter cutoff is too
small, the filtered curve may appear noisy.

The Correlation Curve portion of the histogram presents a lowpass, Gaussian-filtered version of
the raw data. The low-pass Gaussian filter removes noise from the data curve and averages the
curve’s profile. Peaks which are visible in the curve correspond to features in the image at differing
widths.

Peaks do not show on the correlation curve as discrete, isolated spikes; instead, peaks are
contiguous with lower and higher regions of the sample, and with other peaks. This reflects the
reality that features do not all start and end at discrete depths.

When using th&Vidth View for analysis, each peak on the filtered histogram is measured from its
statistical centroid (i.e., its statistical center of mass).

Using the Grid Display
Measurement cursors for histogram are automatically positioned based on the numerical values

selected in thénput fields. Right-clicking on the grid will bring up tl@&rid Parameters menu
(seeFigure 4.9 and allow you to make the following changes:
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Color Allows operator to change the color of the:
« Curve (data)
o Text
« Background
e Grid
e Minor Grid
* Markers
Filter Typically used for a Profiler Scan.
* Type—Select None, Mean (default), Maximum, or Minimum
» Points—Select 4k, 8k (default), 16k, or 32k
Minor Grid Places a minor grid in the background ofigion window.
Scale Allows user to auto scale, set a curve mean, or set their own data
range
Line Style For each curve, the operator can choose a connect, fill down, or point
line.
User Preferences Restore—Reverts to initial software settings
Save—Saves all changes operator has made during this session. This
becomes the new default settings.
Copy Clipboard Copies the grid image to the Microsoft Clipboard
Print Prints out the current screen view to a printer
Export Exports data in bitmap, JPEG or XZ data format
Active Curve Determines which curve you are analyzing
Figure 4.9b Grid Parameters Menu
Color »
Filker »
Minor Grid
Scale..,
¥ Translate
Y Tkanslake
Ling Style. ..
User Preferences  #
Copy Clipboard
Prink
Export k
Ackive Curve g
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4.9.2 Width Procedures

1. If no workspace is present, open a new worksfaite X New Workspace.

2. Open the image you wish to analygdd > Open > Captured Data File) or double click on
the browse view image.

3. Inthe workspace, position the cursor on the file name and right-click to access a functions
pop-up menu.

Figure 4.9¢c Functions Menu

Add Yiew Image
Add Group 30 Surface Plak
2000
Delete Depth
Delete Sub Items =
Zhange Title Roughness
v Permit Multiple Yiews Sieckion
Assian File .
Create AutoPrograrm Plare Fit
Run AutoPrograrm Lowpass
Erase
Median

4. In the pop-up menu, seleetd View >Width.
5. You can view th&Vidth View usingoneof the following methods:

* Right-click on the image name in tiiéorkspaceand selecAdd View > Widt h from
the popup menu.

Or

e SelectAnalyze > Width from the menu bar.
Or

« Click theWidth icon in the upper toolba

6. Using the mouse, left-click and drag a box on the area of the image to analyze.
The Histogram displays the depth correlation on this specified area.

Note: If no box is drawn, by default, the entire image is selected.
7. Adjust theMinimum Peak to Peakto exclude non relevant depths.

8. Adjust theHistogram Filter Cutoff parameter to filter noise in the histogram as desired.
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9. Note the results.
Note: To save or print the data, run the analysis idato Program
(seeSection 4.1\
Figure 4.9d Width Interface
B Grid Markers
L Threshold Depth
B Inputs
 Threshold plane
= Mumber of histogram bing
I Highest peak 0.00 %
~ Lowest peak 0.00 %
- Reference Highest peak
- Histogram filter cutoff 0,00 nm
[ #in peak to peak 1.00 nm
- Locate feature By location only
- Distance from peak 1.00 nrm
— Percent peak to peak 1.00 %
Mame | Yalug | Rieport | Lirnits
B Results
¥mean 4,35 pm Yes il
¥sigma  6.31 pm Yes Mo
Y mean 3.92 pm Yes Ko
Y sigma 577 pm fes Mo
T 1 L z
0.0 1: Height 45.1 pm A 23.9pm?  Yas No
2
15
1
0s
%h
a0 100 150 200 250 300
4.9.3 Width Interface
TheWidt h interface includes a captured imatygut parametersResultsparameters and a
correlation histogram, shown Figure 4.9e
Figure 4.9e Depth Histogram
1.5
1
0.3
%%
20 fith
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Width Input Parameters

The depth input parameters below define the slider cursor placement for determining the exact

depth of a feature.

Threshold Plane

Number of Histogram Bins

Histogram Filter Cutoff

Min Peak To Peak

Lowest Peak

Highest Peak

Reference

Distance from peak

Percent peak to peak

The z height which is used as a minimum for the higher peak. This can be
adjusted by moving the cursor in the correlation histogram.

The number of data points, ranging from 4 to 512, which result from the fil-
tering calculation.

Lowpass filter which smooths out the data by removing wavelength compo-
nents below the cutoff. Use to reduce noise in the Correlation histogram.

Sets the minimum distance between the maximum peak and the second
peak marked by a cursor. The second peak is the next largest peak to meet
this distance criteria.

The left (smaller in depth value) of the two peaks chosen by the cursors.
Value used to define how much of the left peak is included when calculating
the centroid. At 0 percent, only the maximum point on the curve is
included. At 25 percent, only the maximum 25 percent of the peak is
included in the calculation of the centroid.

The right (larger in depth value) of the two peaks marked by the cursors.
Value used to define how much of the right peak is included when calculat-
ing the centroid. At 0 percent, only the maximum point on the curve is
included. At 25 percent, only the maximum 25 percent of the peak is
included in the calculation of the centroid.

You may specify a reference point for the cursor. This feature is useful for
repeated, identical measurements on similar samples. After moving the cur-
sor to a specific point on the correlation histogram, that point is saved as a
distance from whatever reference peak you choose. These reference peaks
include:HIGHEST PEAK, LOWEST PEAK, MIN PEAK andM AX PEAK.

Cursor distance from tHeEFERENCE peak

Cursor position/(peak-to-peak distance)
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Results Parameters:

X mean The average of the highlighted X values within the enclosed area.
X sigma The standard deviation of the measured X values.

Y mean The average of the highlighted Y values within the enclosed area.
Y sigma The standard deviation of the measured Y values.

Area The area below the threshold in the selected region.

4.10 XY Drift

] Due to temperature differences, thermal lateral drift can occur between two successive images
[,- while scanning. Using OfflinXY Drift analysis, the software can calculate the lateral shift
between two images. You can also manually enter the drift.

4.10.1 Realtime XY Dirift
You can capture two images in Realtime mode for Ma¥ebrift analysis in Offline mode.
1. You must be in Realtime mode and engadrshitime > Engage.
2. SelecRealtime > XY Drift . TheXY Drift Control dialog box displays (sd€gure 4.10a

Figure 4.10a XY Drift Control Dialog Box
XY Diift Control |

— Calibration Capture Setting

Lol g Mumber of Lines: |32
" Up Frame Skip frames: ID
¥ Comechion: ID_UD hrndiin

v Comechon: IEI.DEI hmmmin

LCalibrate: ... | Luit | Stop Wit Eomestin

3. Enter the appropriate capture calibration settings and €débtate. Two images are
captured with the number of lines designated, then the OXMBPBrift View opens (see
Offline XY Drift Analysis: Section 4.102

Note: Both images must have the same microscope configuration and scanner
calibration settings currently in use.

160 Nanoscope Software 6.13 User Guide Rev. D



Analysis Commands

XY Drift
Calibration Capture Settings
Down Frame . .
Captures lines from the top of the image to the bot@m.
Up Frame . .
P Captures lines from the bottom of the image to the g')p.
Number of Lines Designates the number of lines to capture. This number must be less than
or equal to the Lines parameter in 8&an View> Scantab panel.
Skip Frames Designates the number of frames to skip at the beginning of the scan.
X Correction Reports the current X correction value.
Y Correction Reports the currentY correction value.
XY Drift Control Dialog Box Buttons
Calibrate Stops any current drift correction and captures 2 images. After capturing

the images, the OfflingY Drift View automatically displays.
Quit Closes theXY Drift Control dialog box.

Stop Drift Correction Stops any current drift correction.
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4.10.2 Offline XY Drift Analysis

Requirements
Two images from the same capture directory captured within 1 day of each other are required. The
capture direction must be the same for both images (up or down), and the images must have the
same microscope configuration and scanner calibration properties.

Procedure

To calculate XY Dirift using the software:

1. Start with the earliest image and oseof the following methods to open tXe&' Drift
Analysis View (seeFigure 4.10h

* Right-click on the image name in tiiéorkspaceand selecAdd View > XY Drift
from the popup menu.

Or
» SelectAnalyze > XY Drift from the menu bar.
Or

* Click theXY Drift icon in the upper toolbai L-'
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Figure 4.10b XY Drift View

range of highresimage4 : X¥ Drift <fibers in air> o = 4

Fan Data Zoom | Fan Data Zoom 300.0 nm

I 1 I 1 ‘
0.0 1: Height 3.2 im 0.0 1: Height 3.2 im
B Inputs Marne | Y alue | Repart | Lirnits Load Image |
Murber of scan lines 512 B Results
Flatten T ¥ Shift 0.439nmfs  Ves ] T
% Carrection 0,439 nmjs ' Shift 0,214 imjs  Yes Mo Feuatel iy
W Correction -0.214 nm/s Tested Correlation Coefficient 0,953 ies Mo
L second Image CACAPTURE\range of highresimaged L Raw Correlation Coefficient 0,234 Yes Mo Apply Correction |
Wnda Flatter |

2. Use thd.oad Image button to browse for the subsequent image.

3. Click theCalculate Shift button. The software will calculate the shift of the second image
relative to the first image.

4. The results display in tHeesultsbox.
a. To apply the corrections in theputs box, click theApply Correction button.
Or

b. You can also manually enter the correction values iinfhgs box. Click theApply
Correction button.

Note: Apply Correction effects Realtime by applying a drift correction to the
Realtime images. Do not ué@ply Correction if this is not your intent.
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Input Parameters

Statistics used by th¢€Y Drift analysis are defined in this section.

Number of scan lines

Flatten

X Correction
Y Correction

Second Image

Results Parameters

Specifies the number of lines to calculate.

Flattens both images before the shift is calculated. (Uddritie Flatten
button to reverse the flatten).

Specifies the amount of correction to apply to the X-axis of the scanner.
Specifies the amount of correction to apply to the Y-axis of the scanner.

Defines the location of the second image used in the analysis.

Results of theXY Drift analysis are presented in this section.

X Shift

Y Shift

Tested Correlation
Coefficient

Raw Correlation
Coefficient

XY Drift Buttons
Load Image

Calculate Shift

Apply Correction

Undo Flatten

Specifies the amount of calculated shift along the X-axis of the second
image relative to the first.

Specifies the amount of calculated shift along the Y-axis of the second
image relative to the first.

Reports the correlation coefficient after correcting for the detected shift. A
perfect correlation is 1.0. If the tested correlation coefficient is too low,
then the calculation is not valid and should not be applied. You may need
features that have more distinct contrast.

Reports the correlation coefficient between the two images prior to pro-
cessing.

Browse to open the second image in the right box.

Compares left image to right image, and reports the shift statistics in the
Resultsbox.

Applies the correction in thieputs box to the second image.

Undo Flattenrestores the image to its original form.
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4.11 Multiple Channel Analysis

It is often necessary to analyze more than one channel of data from the same scan. This can be done
by opening a captured dual-scan or triple-scan image Offline.

4.11.1 Dual-Scan Image

When you open a dual-scan image, @annel 1andChannel 2images will appear side by side,

with Channel 1on the left and€Channel 2on the right, and the channel data will typically be

shown below the left image. Click on the desired image to select the channel and the corresponding
channel data will appear (sEgure 4.11

Note: The location of the Channel data may vary depending on window proportions.

Figure 4.11a Captured Dual-Scan Image

File Wew Format RealTime Acqure Analbyze Tooks Window Help

GG ~I RSP NBTRE

500.0 nm

!

g psmen v

=
=B range of sd4{1).spm
£¥ image

1: Height 10.0 pm .| 2: Friction

Scan size 10.0 pm

Scan rate 24TH:

Samples/ine s12

Lines. 12

Line draction Trace

[ata type Height

Date 02:35:52 FM Thu Feb 14 2002
T J— LT
- R
Hstart| | 2 2 D | @ b [ Workspa... (34 | Q@ 10
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4.11.2 Triple-Scan Image

When you open a triple-scan image, @teannel 1andChannel 2images will typically appear

side by side, witlChannel 1on the left andChannel 2on the right, and th€hannel 3image will
typically appear below th€hannel limage. Channel data is now shown to the right of the

Channel 3image. Click on the desired image to select the channel and the corresponding channel
data will appear (s€éigure 4.11h

Note: The location of the Channel data may vary depending on window proportions.

Figure 4.11b Captured Triple-Scan Image

# Nanoscope - Workspacel & x]|
Flo View Format Reallime Acqure Analyze Tools Window Help
Tu i -
V= (e L y g "} i
2 V@ ESB A0 GG QNEL> P WBTRT
o= L [[=1saar1andess.spm : Image <> ol x
[=- saarlandes5.spm B e ES
® 23 tmane = PR oo | L 500 my
2: unknown
Par Data Zoom 5.0°||B channel 2
Scan size .00 m
Scan rate 0.190Hz
samplesfline 4096
Lines s1z
Line direction Retrace
Data type unknown
L pats 11:57:13 AM Thu Sep 05 2001
T 1
0.0 3: unknown 8.0 pm
| Ready o
i#listart H &3 |J i Manoscops Debug 7# Manoscope - Workspa... | [BJ4k @ ooam

4.11.3 Analyzing Captured Multichannel Images

When performing any analysis of a multichannel scan, you may only analyze one channel at a time.

Highlight the appropriate channel image by clicking on it, then select the désabdisView by
any one of the following:

* Right-clicking on the image file name in tWéorkspace selectingAdd View, and
clicking on thedesired view.

» SelectingAnalyze from the menu bar and clicking on ttesired view.

* Clicking on theappropriate button in the button bar.
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Once you select the desired channel, and the appropriate view, a new window will open with only
the image of the selected channel and you may start your analysis in accordance with the
instructions inSection 4.%hroughSection 4.31f the image display in the view is not the desired
channel, you can right-click on the image, g&tmnnel, and select the appropriate channel from
the pop-up menu.

You can also print multichannel images simultaneously. All channels must be open in the same
view, then seledtile > Print.

4.12 AutoProgram

An AutoProgranis a sequence of operations that may be applied automatically to at least one
previously captured image. Typically, an AutoProgram is created to rapidly analyze a large number
of images taken under similar conditions. Any imdgedify or Analyze command may be

included in an AutoProgram. Do the following to create an AutoProgram:

1. Select a directory, then an image file within it, from the file browsing window at the right of
theNanoScopemain window. Double-click its thumbnail to select and open the image. The
image file name and th@ffline icon, as well as aunburst icon and the wordlinage” are
added to th&Vorkspace, and the image opens in the viewing window (Seeire 4.12n

Figure 4.12a Open Image

7 Nanoscope - 790-2 [ [51=]

Fie Wew Formst ReslTme Acquire Anshyze Tools “indow Help

J@D@H§@|R‘??

GG~ InEL L AT AT

[22]790-2 : Image <SAMPLE 411790

%

Egmuz

£ 1mage R . T e e e —

1 0rnicron 128 1_id 256

22a000.c00 E30-128

1
0.0 1: Height 36.8 pum

| Ready [ mom li
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2. IntheWorkspace, right-click on the image file name or {@fline icon and seledCreate
AutoProgram (seeFigure 4.12M

Figure 4.12b Create AutoProgram

7 Manoscope - 790-2

File Miew Format RealTime Acquire Analyze

¥ D3 W & RN

Add Yiew
Add Group

Delete
Delete Sub Ikems

Change Title
v Permit Multiple views
Assign Fle

3. You are asked if you want to include the selected image to define the AutoProgram among
the images processed by the AutoProgramKspee 4.12%). (Typically: “Yes.”) TheAdd
Linked box should also be checked. When linking, any changes made to the currently active

view will then alter any linked views.

Run AukoProgram

Figure 4.12c Include Selected Image Box

Create Autoprogram E

Do wou want to include this image in the AutoProgram’?

v &dd Linked

Iesl Mo | i:

4. IntheAutoProgram Results View(seeFigure 4.123

a. Right-click onAutoprogram, under the file name or icon appearing on the line under
Run Group.

b. Click Add View to add a view to the Autoprogram. This view will then be added to all
files in the Autoprogram if they are linked.
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c. Click the view of arAnalyze or Modify command to be performed first by the
AutoProgram.

d. Repeat for additional views (iigure 4.12aFlatten, Depth thenRoughness
operations will be performed).

Note: Example specifications of th&atten, Depth andRoughnesscommands for

inclusion in an AutoProgram are described next. Similar actions apply to
include other OfflineAnalyze andModify commands in an AutoProgram.

Figure 4.12d Add Views to be Included in an AutoProgram

< Results of [AutoProgrami] M=l E3

IE Captured Data File =
£ AutoProgram
Fun | AddFiles... | [ Hide Yiews
B | stogw spm Computation Time [ms]: 200
30 Surface Plot VI
o T
|
Delete PrgaDg =
Delete Sub Items
Foughness
Change Title Section
Show Linked Items Step
T Widh
[Sreate AutaEragram sy Diift
Zoom
Eraze
Lowpass
Median
Log File View Plane Fit QI
KN — ol

4.12.1 Example command: Flatten

To open the-latten View:
1. Click the command name or icon that has been added Ruth&roup Autoprogram.
2. Click in the image and drag open a box over features in the image that are to be excluded

from the polynomial fit calculations (séégure 4.12¢ Typically, only featureless areas are
used for flattening an image.
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3. On the right of th&latten View, set parameter values to apply for all images operated on by
the AutoProgram.

4. Close therlatten View.

4.12.2 Example command: Depth
To open theDepth View:
1. Click the command name or icon that has been added Ruth&roup Autoprogram.

2. Click in the image and drag open a box over an area that contains a height Step(see
4.129).

3. On the right of th®epth View, set parameter values that will apply for all images operated
on by the AutoProgram.

4. Close thdepth View.

Figure 4.12e Specify a Flatten Operation

[=]790-2 : Flatten <SAMPLE 411790

Fan Data Zoom I 25pum | |8 Inputs

Flatten order ist

Flatten Z threshholding direction Mo thresholding

Find threshold for the whale image
L Flatten Z threshold % 0.00 %

Fieload | Execute |

1
0.0 1: Height 36.8 pm
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Figure 4.12f Specify a Depth Measurement

[2]790-2 : Depth <SAMPLE 411790

.5 um

Ear I DataZoomI

1
0.0 1: Height 36.8 pm
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4.12.3 Example command: Roughness

To open theRoughnessview:

1. Click the command name or icon that has been added Ruth&roup Autoprogram.

2. Click in the image and drag open a box over an area where you would like the sample surface
condition analyzed (sdggure 4.12)

3. On the upper right of tiRoughnessview, set parameter values that will apply for all
images operated on by the AutoProgram.

4. On the lower right of thRoughnessview, select what measurements to report.

5. Close thdRoughnessview.

Figure 4.12g Specify a Roughness Measurement for Inclusion in an AutoProgram

Fan [rata Zoom I 2.5 tm Mame | Walue | Fiepart | Limitz I
B Results
— Image Raw mean 2.23 nm ‘fes Mo
— Image Mean -0.0345 nm ‘fes Mo
— Image Z Range 166 nm ‘fes Mo
— Image Surface area 175 pm? ‘fes Mo
— Image Projected surface area 156 um? es Mo
— Image Surface area difference 12,2 % es Mo
— Image Rg 28.5 nm ‘fes Mo
— Image Ra 19.0 nm ‘fes Mo
— Image Rmax 166 nm ‘fes Mo
— Raw mean 0.00 nm ‘es Mo
— Mean 0.00 nm ‘es Mo
— ZRange 0.00 nrm ‘fes Mo
............ — Surface area 0,00 prn? es Mo
I~ Projected surface area 0,00 pm? es Mo
[~ Surface area difference 0.00 % Yes Mo
— Rg 0.00 nrm ‘fes Mo
— Ra 0.00 nm ‘es Mo
— Rmax 0.00 nm ‘es Mo
----- [~ Skewness 0.00 nim Yes Mo
— Kurtosis 0.00 nm ‘es Mo
— Rz 0.00 nm ‘es Mo
0.0 1: Height 36.8 umI [ Fedank . Yes Mo
— Max peak ht {Rp) 0,00 nm es Mo
— & max ht {(Rpm} 0,00 nm es Mo
— Max depth (R} 0,00 nm es Mo
= mpus — va max dfapth (R 0,00 nm es Mo
I_ Peak off | = Line d9|.15|ty . 0,00 fum es Mo
L zero Gesshg off | = Biox x dimension 0.00 prm ‘es Mo
— Box v dimension 0.00 prn ‘fes Mo
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4.12.4 Running AutoProgram

Once all commands are included in the AutoProgram list and their action specified, you are ready to
run AutoProgram.

1. Click theAdd Files button in theAutoProgram ResultsView (seeFigure 4.12h TheAdd
Files dialog box appears.

2. IntheAdd Files dialog box, select thieink Files box to have the samfeutoProgram
instructions apply to each file. Select files of interest and éladdk to have the selected files
included when théutoProgram is run. Hold down th&hift key to select a consecutive
group of files or th&ontrol key to select more than one individual file.

3. In theAutoProgram Results View check theHide View box if you don’t want the images
displayed, as they are automatically analyzed bytiteProgram. If you want to see the
images processed duridgitoProgram execution, leavelide View unchecked. Increasing
the value inComputation Time allows more time to view operations during Autoprogram

execution.
Figure 4.12h Add Files Dialog Box
~ Results of [AutoPrograml] =]
IE Captured Data File
EZ AutoPragram
Image Fun | [AddFies..] = HideViews
E':ﬁﬁ:‘ Computation Time [ms) 200 Add Files from 'D:ACAPTURE\PicoForce’
Section M I fi I
. Analysiz Fesults: aMme todified = Add
fas Roughness & I = titir. 056 il 30, 2003
_ psd PSD Name [ Value | _titin 141 April 30, 2003 Cancel |
E< RunGroup |_litin. 215 April 30, 2003
B Lategs.spm hitin, 220 Aupril 30, 2003
B AutoProgiam hitin 310 Aupril 30, 2003
mage hitin 324 Aupril 30, 2003
i itin, 458 Aupril 30, 2003
aten _titin, 475 April 30, 2003
g Depth DS5_Stare May 02, 2003
e Section Hertzian 044 I ap 04, 2004 L
ts Rloughness bt 055 Apiil 20, 2004 I/ Link Files
p=d PSD it 141 May 09, 2002 -
ftin 215 May 09, 2002 Directory... |
titin, 220 May 09, 2002 o
fitin, 210 May 09, 2002 Search Criteria:
it 324 May 04, 2004 .
tikitn, 3243 bt Map 07, 2004 1 L
Log File View @l Ql it 452 May 03, 2004
=] itinars Mau 09,2002 T, Apply |
4 I I [ 3
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4. Click theRun button in theAutoProgram ResultsView to start theAutoProgram.
Note: TheRuUN button toggles to displagtop while the AutoProgram is running.
Click it if you need to stop the process before it is completed. Clickinguhe
button again restarts tlitoProgram at the first image.

5. Upon completion, the data appears inltbg File View property sheet (séegure 4.12).

Figure 4.12i Log File View Property Sheet

Export Report Clear Log

Print Report—v h Save Log
Log File Yigw %l Ql

Image Results for 'Lateqd.sSpm': &

Flatten Eesults for 'Lategx.spm':

Depth Results for 'Lategx.spm':
Peak Lo peak distance 1.540535 1
Minimum peak depth 17.1651 —
Maximum peak depth 15.3 mm
Depth at histogram nasimam

umber of peaks found 132

File Name Pair Horizont:
Lategx. spm ] 0.0o0

Lategqx. spn 1 0.00 -
*] | AW

6. If you close thé\utoprogram Results Viewwithout saving the Autoprogram, you will be
prompted to save the Autoprogram as an .apg file.

7. To save the log file, select tBave L oG button in thd_og File View.
8. To clear the log file, select tli@ EAR LOG button in thd_og File View.

9. Autoprogram results, with statistical analysis (termed reports), can be printed or exported as
tab delimited text using tHRRINT REPORT or EXPORT REPORT buttons.

174 Nanoscope Software 6.13 User Guide Rev. D



Chapter 5 Modify Commands

TheModify commands are in the lower portion of ealyze menu Analyze appears in the menu
bar once an image is open/active. It also appears Adith®iew submenu and is accessible with a
right-click on the image name in the workspadedify commands are used to eliminate noise,
and correct for bow and tilt. These operations process the captured/stored image, then produce
another (modified) version.
Please refer to the following analysis commands available on the NanoScope software:

» Flatten: Section 5.1

» Plane Fit: Section 5.2

* LowpassSection 5.3

» Erase: Section 5.4

* Median: Section 5.5
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5.1 Flatten

TheFlatten command eliminates unwanted features from scan lines (e.g., noise, bow and tilt). It
uses all unmasked portions of scan lines to calculate individual least-square fit polynomials for
each line.

Flatten is useful prior to image analysis commands (&gpth, RoughnessSection etc.) where
the image displays a tilt, bow or low frequency noise, which appear as horizontal shifts or stripes in
the image.

Figure 5.1a Image Flattened
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5.1.1 Flatten Theory

TheFlatten command is a filter that modifies the data to delete low frequency noise and remove tilt
from an image. Each line is fit individually to center data (Oth order) and remove tilt (1st order), or
2nd or 3rd order bow. A best fit polynomial of the specified order is calculated from each data line
and then subtracted out. In some cases, the stopband (box cursor to exclude features) can be used to
remove regions of the image from the data set used for the polynomial fits. Click on the image to
start drawing a stopband box. Right-click on a box to delete it or change its color.

Flatten Polynomials

The polynomial equations calculate the offset and slope, and higher order bow of each line for the
data (sefable 5.1

Table 5.1a Flatten Polynomials

Order Polynomial Explanation
0 z=a Centers data along each line.
1 z=a+bx Centers data and removes tilt on efach

line [i.e., calculates and removes off-
set (a) and slope (bx).

2 7 =a+bx + c% Centers data and removes the tilt and
bow in each scan line, by calculatin
a second order, least-squares fit fo
the selected segment then subtractjng
it from the scan line.

«Q

3 z7=a+bx+ck+d Centers data and removes the tilt and
bow in each scan line, by calculating
a third order, least-squares fit for the
selected segment then subtracting jt
from the scan line.
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5.1.2 Flatten Procedures

For an image that contains a number of noisy scan lines, uséatten command to correct the
problem.

1. Open the image. Note disjointed scan lines which are misaligned along the Z-axis (some are
high and some are low). This effect somewhat resembles an unshuffled deck of cards when
viewed on-edge or appears as horizontal streaks or bands. The image may have bow along its

Y-axis.

Figure 5.1bshows an image file in its original, raw form as an example fdflttiee=n command.
Many of the image’s scan lines are disjointed along the Z-axis.

Figure 5.1b Raw Image of Syndiatatic Polystyrene (500nm)

SE.BE?

Top View of Image to Flatten Surface Plot of Image showing Bow
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2. You can view th&latten View usingoneof the following methods:

Right-click on the image name in thidorkspaceand selecfAdd View > Flatten from
the popup menu.

Or
e SelectAnalyze > Flatten from the menu bar.
Or
e Click theFlatten icon in the upper toolba@
3. Set the-latten order value to0. This removes the scan line misalignment.

Click onExecuteto initiate theFlatten command. The flattened image appears on the
display screen.

Figure 5.1cshows the same image file after using a zero-dtideten (Flatten

Note:
order = 0). The scan lines are now aligned.

Figure 5.1c Flattened Image of Syndiatatic Polystyrene (500 nm)

GE.BI7 Am

Top View of Flattened Image Surface Plot View of Flattened Image

5. To see a variety of effects using tatten command, enter differefiatten order values.
Each new change may be undone by clicking orrédead button.
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5.1.3 Flatten View Interface

Click Analyze in the menu bar and selddttten, or click on theFlatten icon in the button bar. A
series of parameters appear in fretten View, allowing the order of the equation to be selected

and display parameters to be adjusted to your preference.

Figure 5.1d Flatten View

24| 790-2 : Flatten <SAMPLE 4117902

F'ar [Data Zoom I

2.5 pm

Feload |

[ 1
0.0 1: Height 36.8 pm
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Input Parameters:

Flatten Order

Flatten Order selects the order of the polynomial calculated and subtracted from each scan line.

Range and Settings:

Flatten Order Flatten Order selects the order of the polynomial calculated and sub-
tracted from each scan line.

Range and Settings:

« Zero Order (0)—Removes the Z offset between scan lines by sub-
tracting the average Z value for the unmasked segment from every
point in the scan line.

« First Order (1)—Removes the Z offset between scan lines, and the
tilt in each scan line, by calculating a first order, least-squares fit for the
unmasked segment then subtracting it from the scan line.

« Second order (2>-Removes the Z offset between scan lines, and the
tilt and bow in each scan line, by calculating a second order, least-
squares fit for the unmasked segment then subtracting it from the scan
line.

« Third order (3) —Removes the Z offset between scan lines, and the
tilt and bow in each scan line, by calculating a third order, least-squares
fit for the unmasked segment then subtracting it from the scan line.

Flatten Z Thresholding Specifies the range of data to be used for the polynomial calculation
Direction based on the distribution of the data in Z:

Range or Settings:

» Use Z >=—Uses the data whose Z values are greater than or equal to
the value specified by the Z thresholding %.

» Use Z <—Uses the data whose Z values are less than the value speci-
fied by the Z thresholding %.

* No thresholding—Disables all thresholding parameters.

Flatten Threshold for Applies the Thresholding values for twhole imageor each line inde-
pendently.

Range or Settings:
» The whole image
» Each line

Flatten Z Threshold % Defines a Z value as a percentage of the entire Z range in the image (or
data set) relative to the lowest data point.

Buttons on the Flatten Panel

Execute Initiates the command, based on the order selected.

Reload Restores the image to its original form.
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5.2 Plane Fit

E ThePlane Fitcommand calculates a single polynomial of a selectable order for an image and
1

subtracts it from the image. TiRane Fitoperation can be applied to either or both of the XY
directions.

Box cursors, or passbands, allow specific points to be used in the calculation of the polynomial.
Click on the image to start drawing a passband box. Right-click on a box to delete it or change its
color.

Figure 5.2dllustrates an image with tilt and bow which could affect the analysis of the surface
data.

Figure 5.2a Visual Representation of Plane Fit

Tilt of Sample Surface 3rd Order Plane Fit
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5.2.1 Fitted Polynomials

Refer toTable 5.2a0 view the polynomials that calculate the best plane fit for the images in the
Plane Fit Auto function.

Table 5.2a Plane Fit Auto Equations

Order Variable Polynomial Equation

0 X z=a
Y z=a
XY (Add Higher Order Cross| z=a
Terms for XY OFF)
XY (Add Higher Order Cross| z = a
Terms for XY ON)

1 X z=a+ bx
Y z=a+bhy
XY (Add Higher Order Cross| z=a + bx + cy
Terms for XY OFF)
XY (Add Higher Order Cross| z = a + bx + cy + dxy
Terms for XY ON)

2 X zZ=a+bx+ck
Y z=a+by+cy
XY (Add Higher Order Cross| z = g + bx + cy + dxy + &x+ fy?
Terms for XY OFF)
XY (Add nghel’ Ol’der Cross Z=a+ bx + Cy + dxy + é’x+ fy2+ gxy2 + h)?y +
Terms for XY ON) 2,2

&Y

3 X z=a+bx+ck+dd
Y z=a+by+cy+dy
XY (Add Higher Order Cross| ;7 = g+ px + cy + dxy + s fy2+ gxy2 + hx2y +
Terms for XY OFF) jxg + kyg
XY (Add ngher Ol’der Cross Z=a+ bx + Cy + dxy + éx+ fy2+ gxy2 + hxzy +
Terms for XY ON) ix2y2 + jx3 + ky® + Ixy® + méy® +nxy® +oxy +

Py
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5.2.2 Plane Fit Procedures

UsePlane Fitto correct the image distortion as follows:

1. Open an image file from the menu biitd > Open > Image) or through Browse\(iew >
Browse), then double click on the image.

2. You can view th@lane Fit View usingone of the following methods:

* Right-click on the image name in tiiéorkspaceand selecAdd View > Plane Fit
from the popup menu.

Or
» SelectAnalyze > Plane Fit from the menu bar.

Or

3

» Click thePlane Fiticon in the upper toolba

Note: ThePlane Fitinput parameters appear along with the top view image.
3. SeleciX, Y, orXY.
4. Select th©rder.
5. SelecExecute

6. Notice that the image distortion is removed, reflecting a flat, planar profile.

Figure 5.2b Saddle Image Before Plane Fit
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24| 790-2 : Plane Fit <SAMPLE 411790

Figure 5.2c Plane Fit View

Fari

Data Zoom I

2.5 tm

Feload | Erecute |

0.0

1: Height

1
36.8 im

Figure 5.2d Plane Fit Image

Rev. D

Nanoscope 6.13 User Guide 185



Modify Commands
Plane Fit

Now, experiment with this image to explore the rangelaheFit capabilities. Try the following:

* Change thélanefit order value to see its effects. Notice that there is a vast difference
between a value df, 2 or 3.

« Try plane fitting in one axis (for example, X), but not the other. This generally keeps
whatever distortions are presently oriented along the unused axis. For example, the
image can be straightened along its Y axis, while leaving the X axis strongly bowed.

« Try using a differenPlanefit order for the X and Y axis (for example, a setting3dor
X, but a setting ol for Y.) This is similar to using one axis, but not the other.

» Compare the effect étlane Fit with Flatten. Notice that each command has a
significantly different impact upon this image; although, the difference is less noticeable
for some other types of images.
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5.2.3 Plane Fit Interface

ThePlane Fitdialog box (seé&igure 5.2 allows the display parameters and the Planefit order to
be adjusted to your preferences.

Figure 5.2e Plane Fit Inputs Dialog Box

Relnad |
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Buttons on the Plane Fit Window:

Execute Initiates the plane fit operation.

Reload Restores the image to its original form.

Input Parameters:

Planefit order Selects the order of the plane calculated and subtracted from the image.

Z Thresholding direc- Specifies the range of data to be used for the polynomial calculation based on
tion the distribution of the data in Z:

Range or Settings:

* Use Z> = —Uses the data whose Z values are greater than or equal to the
value specified bythe Z thresholding %.

* Use Z<—Uses the data whose Z values are less than or equal to the value
specified by the Z thresholding %.

* No Thresholding—Disables all thresholding parameters.

Z Thresholding Per-  Defines a Z value as a percentage of the entire Z range in the image (or data
cent set) relative to the lowest data point.

Add Higher Order Turning this on adds higher order cross terms to the polynomial fit when XY
Cross Terms is chosen (se€able 5.2
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5.3 Lowpass
The Lowpassmodify command applies spatial filtering to a captured image, suppressing high
spatial frequency components. Each pixel in an image is replaced with the average value of the
3 x 3pixels centered on it.

1. Select an image file from the file browsing window at the right of the main window. Double-
click the thumbnail image to select and open the image.

2. You can view théowpass View(seeFigure 5.3ausingoneof the following methods:

« Right-click on the image name in tiiorkspaceand selecAdd View > Lowpassfrom
the popup menu.

Or
e SelectAnalyze > Lowpassfrom the menu bar.
Or

+ Click theLowpassicon in the upper toolbar 5

Figure 5.3a Lowpass Image Display

iNanoscope - Workspace1
File Wiew Format RealTime Acquire  Analyze  Tools  Window Help

%0 =@(sn(ve GEHS>-DNEL L ABTRET

Elr ZSAMPLE 4117905

1: Height

[ o [

| Ready
i#start||| @ 53 5] || giinanoscope pebug 7 Nanoscope - Workspa... [ Adobe Photoshap S zisem

3. Click theExecutebutton in the_owpasswindow to apply the low pass function to the copy
of the image in both windows.

4. To restore the unprocessed image, clickRapad button.

Note: There are no parameter controls for togvpassmodify command.
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5.4 Erase

The Erase modify command is a retouching function for editing images. Previously, horizontal

lines could be replaced with an interpolation from the adjacent lines. In Version 6, the capability is
extended to rectangular areas as well.

1. Select an image file from the file browsing window at the right of the main window. Double
click the thumbnail image to select and open the image.

2. Open thécrase View (seeFigure 5.4xusingoneof the following methods:
¢ From the menu bar, clicknalyze > Erase
Or

¢ Right-click on the Image file name in tiiéorkspaceand selecfdd View > Erase
from the menu.

Or

¢ Click theEraseicon in the upper toolbar

Figure 5.4a The Erase Option in the Analyze Menu
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1
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3. A separate window opens, also displaying the image. Right-click in the image to display the
Eraseoptions menu (seeigure 5.4). Select eitheHorizontal Line or Area and a check
mark will appear. The option chosen will remain checked until another selection is made.

4. Click anywhere within the image to define a horizontal line, or click and drag in the image to
define a box to be replaced.

Figure 5.4b Erase Options Menu

Tl || Geagem

na 1: Hedght 2.5 jpm
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5. Click theExecutebutton to perform the interpolation.

Figure 5.4c Effect of the Erase Interpolation on a Rectangular Area

0.0 1: Height 2.5 um 0.0 1: Height 2.5 pm
Relosd Execute Reload | -
Before After

6. Right-click on arErasefeature of a modified image (either line or box) for options to
complete the operation. Cliékeleteto erase the dashed construction lines from the display
of the selected feature. Cli€kear All to eliminate all construction lines from the display,
while retaining the modifications to the image.

7. To eliminate all trace draseactivity to an image, click thReloadbutton while the image
is still open in theerase panel.
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5.5 Median

The Median modify command is similar tbowpass it reduces the contributions of high spatial
frequency, reducing contrast in regions of high contrast. For each pixel in an Mealjgn
substitutes with the median pixel value of th@ marray of pixels centered around that pixel. The
size of the filter's sliding window pixel array is set untigruts > Median order. Figure 5.5b
illustrates the effect of three different size pixel arrays applied to the same image.

Figure 5.5a # Different Pixel Arrays of the Same Image
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1. Select an image file from the file browsing window at the right of the main window. Double-
click the thumbnail image to select and open the image.

2. Open theMedian View usingoneof the following methods to open a separate window
which also displays the image (deégure 5.5

* From the menu bar, clicknalyze > Median.

Or

Right-click on the Image file name in tiiéorkspaceand selecAdd View > Median
from the menu.

Or

» Select thévledian icon. 'il‘;

3. Select thévledian Order from thelnputs menu: %3, 5x5, 77, 9x9, or 1¥11.

4. Click Executeto apply theMedian filter.

5. Click Reloadto start over.

Figure 5.5b Median View
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Chapter 6 Tools

TheToolscommands are in the right portion of the menu bar.
Please refer to the following analysis commands available on the NanoScope software:
» Options: Section 6.1

* Programmed Move (Dimension Series Only)Section 6.2
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6.1 Options

6.1.1 Remove File on Close

SelectTools > Options > Remove File on Closenenu item (seBigure 6.1 You can also right-
click the workspace and seld®emove File on CloseWhen selected, this option removes the
workspace item of the offline file when all views on that file are closed.

Figure 6.1a Remove File on Close Menu Item

Tools Window  Help

Select Microscope, ..
Fun Scripk

Select Scanner ...
Calibrate 3
Offset

[eakage

Engage Settings 4

Reset Contraller
Reload DSP

Custamize Yiews. .,

4 v Open All YWiews
v Dpen Mew Views
Allow Duplicake OFFline Yisws

Frame Size b
Expand Current Onky

Lines and Buttons

Icon size 3

Cpen Previous Waorkspace
Set Help File. ..

v Disable Yideo While Scanning

Note: The entireTools> Options menu, with the exception &et Help File.., is
awailable when you right click in the workspace (not on a node).
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6.2 Programmed Move (Dimension Series Only)

The Stage> Programmed Movefunction allows the stage to be automatically positioned at a
series of memorized positions. These positions are programmed into the controller's computer, then
called out automatically in sequence. The operator may run either the entire memorized sequence,
or skip positions, as desired. This function is particularly useful for statistical quality assurance runs
on large numbers of identical samples, and as a basic inspection aid.
Refer to the following sections:

e Programmed Move PanelsSection 6.2.1

« Procedure for Teaching a Programmed MoveSection 6.2.2

« Procedure to Remove a Programmed Optioisection 6.2.3

« Procedure to Insert a Step into an Existing Program Sequencgection 6.2.4

* Procedure To Run a Series of Programmed MoveSection 6.2.5
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6.2.1 Programmed Move Panels

To access this option, select 8tage> Programmed Move,shown inFigure 6.2a

Figure 6.2a Selecting Programmed Move

Windomw  Help
Select Microscope. .

= |
Bun Script § @ ‘ m E' ]
Select Scanner ...
Lalibrate 3
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Set Beferences ..

Set Image Center ...
ZErnl s

Feset Contraller
Feload DSP

Customize Yiews. ..

. f e be (0 il Standard).
Options »

Set Surface Focus ...
Mowe To <. ..

Focus Surface ..
Locate Tip ..

You will be prompted for a new file name or an existing file:

Figure 6.2b Programmed Move File Name Selection

Select Programmed Move File x|

Enter file name for new file or select exristing via Browse button

File name Irnc-vel Browse. .
Ok

Cancel

il
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After clicking OK, the mainProgrammed Move panel, shown ifrigure 6.2¢will appear:

Definitions

Figure 6.2c Programmed MovaNindow
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Program Name Field—Provides the name of the move program currently loaded (in
this example, the program is called “move”). Moves are first programmed using the
ADD andReMOVE STEP functions. Later they may be executed usingRbe option.

QuiT (button)—EXxits thé’rogrammed Movepanel.

RUN (button)—Executes the specified program name.

Once a program sequence has been taught to the computer, the program can be run from
theProgrammed Movepanel. The stage will move to each position in the same order it
was taught, relative to the current origin point. At each program position, the sample

will be scanned for 1.5 frames, captured, then indexed to the next position. Captured
data from each position is stored on the hard disk; there should be sufficient memory to
record 100 frames at 256 samples each.

Origin Points—Current origin at the time of programming.

Programmed Move positions are memorized relative teuhent origin at the time of
programming If the origin has been shifted from its original position since the time of
programming, it will be necessary to reestablish the original origin point to locate the
same positions on the sample. When generating maps of programmed moves, the origin
point should always be indicated.
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6.2.2 Procedure for Teaching a Programmed Move

To program (teach) a series of moves, do the following:
1. Select a file name for a new or existPiggrammed Movefile. SeeFigure 6.2b

2. Click OK to proceed with programming moves. A new panel, shoviAigiare 6.2¢will be
displayed.

3. Make a stage move using either the trackball omMtbee To X,Y panel (i.e. enteX andY
PosITION or Position CHANGE and clickM ovE).

4. Click ADD STEP.

5. This procedure may be repeated until all the desired positions have been programmed up to a
maximum of 100 steps. Each position will be automatically assigned a program step number.

It may prove helpful to draw a simple map of the sample, along with each programmed position,
before programmed moves are entered. If reducing cycle time is important, position order should
be optimized to reduce stage travel. Also, note the origin point at the time of programming.

6. When all stage positions have been entered into the progranmaliekPROGRAM, then
QuiT.

7. Additional programs are entered in the same manner, using a separate program name for
each.

6.2.3 Procedure to Remove a Programmed Option

To remove a step from the programmed sequence:
1. Select a file name for an existiRgpgrammed Movefile. SeeFigure 6.2b

2. Click OK to proceed with programming moves. A new panel, shovAiginre 6.2¢ will be
displayed.

3. Click in theStep# field in theSelect Stepsub-panel.

4. Enter the step number to be removed into the keyboard, or drag the mouse to index to the
step number. The stage will simultaneously move to the new step position.

5. Click theREMoOVE STEP button. When individual program steps are removed, all subsequent
steps are “moved up” by one count. (For example, after removing step #2 from a program,
step #3 would become the new step #2, step #4 would become the new step #3, etc.)

6. Click theSavE PROGRAM button to save the edited version of program.
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6.2.4 Procedure to Insert a Step into an Existing Program Sequence

1. Select a file name for an existiRgopgrammed Movefile. SeeFigure 6.2b

2. Click OK to proceed with programming moves. A new panel, shoviaigiare 6.2¢will be
displayed.

3. Click in theSreP #field in theSelect Stepsub-panel.

4. Enterone lesghan the step number to be added to the sequence, or drag the mouse to index
to the desired step number. (For example, if the operator wishes to add a new program step
#7, while leaving all preexisting steps intact, they would enter “6” irStige # field. The
stage will simultaneously move to the preexisting step position #6.)

5. Make a stage move using either the trackball oMbee To X,Y panel (i.e. enteX andY
PosITION or PosITION CHANGE and clickM OVE).

6. When new program steps are added, all preexisting steps beyond the new entry are “moved
up” by one count.

7. Click SaveE PROGRAM to save the edited version of program.

6.2.5 Procedure To Run a Series of Programmed Moves

1. Select a file name for an existiRgogrammed Movefile. SeeFigure 6.2b

2. Click onOK to proceed with programming moves. A new panel, shoviagiare 6.2¢ will
be displayed.

3. Click theRuN button. If the program is being loaded and run from the beginning, the screen
will prompt the operator whether to refocus the screen:

Figure 6.2d Stage Panel

Stage

Do you want to set the initial focus?

Yes Mo |

4. Clicking onYeswill transfer the user to tHeocus Surfacepanel; the user may then make
focusing adjustments to better view the surface. Clickingowill initiate the programmed
move from step #1.

If the program was previously run without finishing (aborted), the screen will request whether to
begin the program sequence at the aborted step; for example, if the operator left off at step #2:
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Figure 6.2e Stage Panel

Continue From step 27

5. The operator may wish to run the entire program from its beginning (step #1); if this is the
case, clickNo. Otherwise, clickres The screen will display the current program step in
progress:

Figure 6.2f Programmed Move Panel

Programmed Move

Program step 1 in progress

202 Nanoscope 6.13 User Guide Rev. D



Index

Numerics
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Flatten Analysis
Execute button 181
Flatten order 181
inputs parameters 181
interface 180
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theory 177
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Peak to peak, Depth 123

Phase
Data Type 63

Plane Fit Analysis 182
Buttons 188
inputs parameters 188
interface 187
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plane fit order 188
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STM
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