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Introduction

Volumes of the AR SPM Software User Guide

The Asylum Research Software manual comes in volumes. Eotldese volumes are:

Part | Data and Image Analysi€Once the data are collected, this part of the user guide idescr
many of the powerful analysis capabilities of the AR softvalhere are subsections on images
and force plots.

Part Il Programming. The AR software can be customized for your needs on manyslefreim
custom control panels to simple macros to completely oparceacode for all the Igor Pro based
code, which de nes nearly all the AR software functionality

AR Software version It is assumed that AR Software version 14 or later is ingfiatle your sys-
tem.

Getting Help There are many ways to get help with your Asylum Researchuimsnt:

* Goto . Here you will nd FAQ articles, software down-
loads, manual downloads, and a user forum which puts yowichtavith thousands of other
Asylum users.

» E-mail us atSupport@AsylumResearch.com

e Call us at +1-805-696-6466. Within the US you can call olirfree number (1-888-472-
2795). During US west coast business hours you will get a numeing to speak with. If you
are outside the US timezones, call your local Asylum of celmtributor.

* If necessary, we can initiate a remote session and havef@oe scientists operate your AFM
over the internet.

Updates to the Manual Bundled with the software updates.

Prerequisites

We recommend that you have a running AFM, or at least a funiciipcopy of the AR software
installed on your computer. For an overview of a properly iggetMFP-3D AFM, please refer
tol. Likewise, for the Cypher AFM a properly operating AFM systecludes a PC with the AR
software installed. In case this software requires an uggrar you want to install a copy on
another computer (handy for image analysis), please see

19,
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INVISIELE LASER RADIATION
DO NOT VIEW DIRECTLY WITH
OPTICAL INSTRUMENTS
{MAGNIFIERS)

CLASS 1M LASER PRODUCT
1.0 m\V AT 860 nm

Part |

Data and Image Analysis

Part I: Who is it for? Once the data are collected, this volume describes manyeopdwerful
analysis capabilities of the AR software. Often useful vatlsecond copy of the software on a
computer not attached ot the AFM itself.
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Ch. 1. Introductory Image Analysis

1. Introductory Image Analysis

CHAPTERREV. 1560,DATED 08/25/2013, 16:40. BERGUIDE REV. 1560,DATED 08/25/2013, 16:40.

Chapter Contents

1.1  OpeningStored Images . . . . . . v v v v v i e e e e e e e e e e e 5
111 The Browse Graph . . . . . . . . . . . o e e e e 7
1.1.2 ThelListPanel . . . . . . . . . . . . . 8
1.1.3 The Display Window . . . . . . . . . . . o 0 e e e 9

1131 Reprogramming Shortcut buttons . . . . . . . ... ... ... 12
1.1.4 AR Thumbnail Viewer . . . . . . . . . . . . e 13
1.2 The Modify Panel . . . . . . . . . . e e e e e e e 13
121 Flattentab . . . . . . . . . . . 14
1211 Flatten Example, features on at substrate . . . . . . . .. .. 14
1212 Flatten and Plane t Example, Lattice steps . . . . . . . . . .. 17
1.2.2 Planettab . . . . . . . . . e 21
1221 PlanetExample . . . . . . . . . . .. 22
123 Erasetab . . . . . . . . e 24
1.24 Masktab . . . . . . . 26
1241 Mask Calculation Methods . . . . . . . . . . . ... ... .. 27
1.2.4.2 Hand drawingmasks . . . . . . . . . . . . . o 28
1.2.4.3 CopyingMasks . . . . . . . . . e 29
125 Filtertab . . . . . . . . . 30
1.2.6 FFTtab . . . . o 31
1.2.7 Historytab . . . . . . . . . e e e e 34
1.27.1 How to apply one process to another image: . . . . . . . . .. 34
1.2.7.2 How to apply one process to many images: . . . . . . . . . .. 35
1.2.7.3 How to remove one step from a multi step process. . . . . . . . 35
1.2.8 Prefstab . . . . . . . . . . 35
1.28.1 Modify InsertLayers .. . . . . . . . . . . . 35
1.2.8.2 UndoOnly LastPlanet . . . . . . . . . ... ... ...... 36

1.3 The Analyze Panel . . . . . . . . . . . e e e e e e e e e 36
13.1 Roughness Tab . . . . . . . . . . 0 o e e e e 37
1.3.2 SectionTab . . . . . . . . L e 38

1.3.21 Straight Line Sections: . . . . . . . . . . ... .00 39
1.3.2.2 FreeHandLines . . . . . .. ... ... ... ........ 41
1.3.3 Histogramtab . . . . . . . . . . . e e e e 42
1.3.3.1 Fitting . . . . . . . . e 43
1.3.3.2 Data Modication . . . . . . . . . ... ... 43
1.3.3.3 Other Options . . . . . . . . o v o e e e e e e e 44
1.34 Particle Tab . . . . . . . . . . e 44
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Ch. 1. Introductory Image Analysis Sec. 1.1. Opening Stored Images

1.34.1 Particle Analysis Example 1: Finding the Length of a Piece of DNA 44

1.34.2 Particle Analysis Example 2: Finding Average Height . . . . . . 48

1.4 Miscellaneous Operations . . . . . . . . . v v i e e e e e e e e e 51
1.4.1 Saving Modicationstolmages . . . . . . . ..o e 51

14.2 CustomworkonlImage Channels . . . . . . . .. ... ... ....... 51
1421 Extracting Layers . . . . . . . . . .o e 51

1.4.2.2 Subtracting Image Layers: . . . . . . . . ... 0L 52

1.4.2.3 Rotating Images: . . . . . . . . . . . e 54

1.4.2.4 Reinserting Layers: . . . . . . . . . . o e e 55

1.4.3 Cropping Images: . . . . . . . o e e e e e e e e e e 56

1.4.4 IgorLayouts . . . . . . .. e e e e e e e e e e 57

This section discusses how to perform basic image analysstared image (.ibw) les. Keep in
mind that there are not necessarily hard and fast rules olesegs regarding image processing. It
can be a trial and error process that depends heavily on the Bar this reason, the processing
techniques are broken into sections below, with some exesnpbvided.

1.1. Opening Stored Images

bt l Mode Master e |

Prepare the software

e Launch the AR SPM software and
you will see the Mode Master
window.

1. e Click the 'Mode Master' button at the
bottom of the screen any time you
want to load the Mode Maste® .

¢ Click on the'Standard... tile.

e Then clickOf ine Image .

Open the image browser:

e From the menu bar sele&EM Analysis . Browse Saved Data.
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Ch. 1. Introductory Image Analysis Sec. 1.1. Opening Stored Images

Select a directory of images:

* If image data is not already loaded in
the experiment, it will now ask you
where you would like to load data
from. If there is data already in the
experiment, the Browse Graph will be
opened, showing those images. To
open a new folder, you can click on
the Change Directory' button in the
upper left corner of the Browse Graph.

R | AR Load Path = | & @
(Figure 1.1 on page)7
| Recent Paths « | Default Paths ~

3. * From the load path dialog, you can
click the *Browse' button to select a
new directory.

-OR-

» Use the pull-down menus to visit
standard or recently visited
directories.

Path: | M:AFM_Data:@TestDataSets:fullfive:

|  Browse | | Thatsit | | Cancel |

e Click on That's It' to load the
directory.

» The Browse graph will open
(Figure 1.1 on page)7s will the List
Panel Figure 1.2 on page)8

To open an image

 Just double click on the thumbnail to open the full sizedgma
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Ch. 1. Introductory Image Analysis Sec. 1.1. Opening Stored Images

1.1.1. The Browse Graph

m(3) (1) (2)
Change =y S —

vertical Number 4 [¢dmage DataType|  Height [ = [[whichimage | Eitner E]lpage St
Direcrory | HiofiZental Number |5 IS [Force e ~ Total 50

oL = R = L .
fivechannels0000 fivechannels0001 fivechannels0002 —

CaltechDNAQ005 Copy_of_ti

ﬁvecannalsUUS B fivechannels 0004 fivechannels0005 fivechannels0006 fivechannels0007

Figure 1.1.: The Browse Graph displays the data as thumbnails. This window can be re-sized by
clicking and dragging the corner.

The number labels ifigure 1.1 on page i&fer to:

1. Image Data Type Speci c data channels (i.e., Height, Phase, etc.) can ezt in the
Image Data TypeThis is convenient if a speci ¢ image in a folder containimgny images
includes a data type that most of the other images do not hkee.example, choosing
NapPhase could help locate an MFM image among many non-NAaBas

2. Which Image TheWhich Imageoull-down menu determines whether Trace or Retrace data
is displayed; selectingither allows both types of data to be displayed.

3. Vertical/Horizontal Number Thumbnail display array sizes can be altered by changing the
Vertical andHorizontal values. Vertical determines the number of rows in a window while
Horizontal determines the number of columns.

4. NextPageThis button advances the screen to the next page of thursbmailch like us-
ing the Igor scroll bar on the right side of Browse Graph. Tikege Up' and Page Down'
commands are keyboard shortcuts for this function.

5. Copy to Layout The Layout' button will take a snapshot of the Browse Graph and dump it
into an MFP-3D layout window. Se®ection 1.4.4 on page 57

6. Show Force DataThis pull-down menu is useful for showing the different digiaes within
a directory of force-distance curves.
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Ch. 1. Introductory Image Analysis Sec. 1.1. Opening Stored Images

1.1.2. The List Panel

-

i] [S)ErEE)

Images on Disk

@

Images in Memory

CaltechDMNADDDS

fivechannels0000
fivechannelz00071
fivechannels0002
fivechannels0003
fivechannels0004
fivechannelz0005

vechan 1

fivechannels0012
fiuvarhannaleO042

Copy of fivechannels0000
Copy of fivechannels0001

fivechannels0007
fivechannels0008
fivechannels0009
fivechannels0010
fivechannels0011

[ selectar | @ SelectAll | (7
[ OpenFiles | (2 Openimages | [2)
—| = [— 1
[ LoadFiles | [? SavetoDisk | [?)
[ Refreshlist | [2 [ SaveAstoDisk | (2
[ cnange Directory | 2 [ Renameimages | 2]
[ Windows Explorer..| (2] Kill images | (2
Setup | @

Figure 1.2.: The List Panel

Images can also be opened in the List PaR@re 1.2 on page)8 It consists of two columns:
Images on Diskwhich are the les stored in the folder, ahahages in Memoryyhich displays the
images that have already been opened in the experiment.

e To open an image le, double click on the le name.

« To open multiple images, hold thehift' or “ctrl' key while selecting images, then click the
*Open Files' button.

« Most of the function buttons are self-explanatory, so afew will be discussed:

Refresh List This updates the list of images in the currently selecteelkcttry. This is used
if images are being acquired real time while stored imagesalosequently being processed
and analyzed.

Change Directory This is the same as selectinghange Directory’ from the Browse Graph.
SeeSection 1.1 on page. 5t allows you to change the data le directory which is despd
in the list.

Save to Disk Select one or more images to be saved over the original.

Note Processed image layers are typically added to the origgva¢a layers. Your raw data
tabs will be preserved.
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Ch. 1. Introductory Image Analysis Sec. 1.1. Opening Stored Images

1.1.3. The Display Window

When an image is loaded from the hard drive, it is displayettiéDisplay Window

— || Commands ~ a0 (L

Display Panel —

L]

gneal0000 #0 H

Ra@'szsznm?y [ Colar Bar Madify Panel

Commands w 22
Analyze Panel

oOffet/0nm | Aulo | cobrien | Grays256 lisdk
@ " _Kﬁé_fin{ﬁ_ @T PR | 25T | 28R List Panel

Extract Layer

Insert Layer

Delete Layer

Show Note

Image Mame — Shaow
Change User Mames
Save Image

Save As ...

Save Then Kill Image
Kill Image

TIFF Export 1x

TIFF Export 2x

TIFF export 4x
Export to Layout
Set Layout Mote Fields

ManoIndenter 'ITE Area Func
a0 de

Help
MNew Appearance

E-E
BEE

Hm
nm

Figure 1.3.: The Main Image Display Panel

Figure 1.3 on page Shows an example of a Display Window image that will be useduidhout
this section. Some of the controls at the top of this windosves follows:

1. RangeThis adjusts the color scale, thereby changing the contrast

2. Offset This adjusts brightness by changing where the center ofdlog range is.

3. Color Bar This checkbox allows the color scale to be viewed or to be xewidrom the
image.

4. Auto button This auto-scales the color scale and offset.
5. ColorMap This pull-down menu offers many color tables to display thage data with.

6. Stored data channel tabsThe measured data channels — such as amplitude, phase, heigh
and Zsensor — collected during a sample scan are saved as tythe image. The tabs
bring an image layer to the front for viewing.

a) Tab Naming Conventions:

i. Raw Data Raw Data tabs typically have three-letter nanfé® rst two letters
refer to the data channel, such as Ht (Height), Am (Amplijuéd (Phase), and
ZS (Z Sensor). These two letters are then followed by therldtfor trace or R for
retrace. HtT would be the height trace signal, HtR the heigtrace signal. The
number of tabs present in an image depends on what channedssexed when
the data was collected.
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Ch. 1. Introductory Image Analysis Sec. 1.1. Opening Stored Images

ii. Modi ed Data Modi ed or processed image layers includa asterisk in their
name and are located to the right of the raw data tabs. Sime@dssible to have
multiple modi ed layers of one original raw layer there is@mber included in the
layer name. For example, the rst modi ed layer of HtT would bitT*0. Please
seeSection 1.2.8 on page 36r more on this subject.

7. Command FunctionsThe Commands pull-down menu Figure 1.3 on page)®ffers a large
variety of functions, most of which are described below. 8ahthe more frequently used
functions are repeated as programmable buttons to the afgiite Commands pull-down
menu. The default buttons are shown in the margin next toelesant command.

Display Panel This opens a window called the Display Manager, which inetud list of all @
the image display windows open at the moment. It allows yoboriteg any window to the
front and to close, tile, or stack selected windows.

Modify Panel Functions such as attening, plane tting, masking, anceiling are performed @
via the Modify panel. Se8ection 1.2 on page 13

Analyze Panel This is where roughness measurements, line sectionsghasts of image
data, and particles are created, displayed, and gener8gsiection 1.3 on page 36r a
more in-depth discussion.

List Panel This panel allows the user to open images, change diresi@@ve images, and
rename extracted images. Sgection 1.1.2 on page 8

Extract Layer This function can export a copy of an individual image chanodacilitate
custom processing. S&ection 1.4.2.1 on page 51

Insert Layer This function reinserts an extracted layer into the displaydow. SeeSection 1.4.2.4
on page 553or examples.

Delete Layer This command deletes the current image layer.
Show Note This is where many parameters associated with the imageecaiewed.

Image Name-Show This button, which toggles betwe&how andHide, changes whether
the image name is shown within the Display Window. It can kefulgor graphic exporting.

Change User Names This lets you change the names of images stored as data feoBiNG
connectors on the front of the controller. UserIn0 can bezsomething more descriptive,
such as Photocurrent.

Save Image This will save any modi cations to the display window, suchraodi ed data
or inserted layers in new tabs. S8ection 1.4.1 on page 3a@r more details.

Save As... After requesting a new name for the selected image, thistifumevill save the
image to a location speci ed by the user.

Save then Kill Image This saves the image, including all associated layers dvsl then
closes the window.

Kill Image This will remove the image from memory.

Export to Layout This is a feature that appends the current image to a notetiglekpage.
This process is described $ection 1.4.4 on page 57 ¥
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Ch. 1. Introductory Image Analysis Sec. 1.1. Opening Stored Images

Tiff exports:  Tiff exports the current layer to a directory of choice as pasate image.lIt
includes numbers indicating the resolution of the new lsvitl have (1, 2, or 4 times the
number of pixels as the original image). These les can gey Varge, but are great for
graphics that need to be displayed at larger scales, suah@ssters. Note that you can also
chooseEdit . Export Graphics from the main menu. This gives other sizes and le formats
as export options.

Set Layout Fields This brings up a list of display parameters for tB@port to Layout' func-
tion.

Nanolndenter Tip Area Function ~ This brings up a graph that will calculate Tip area from Z
sensor images of either nanoindenter tips or indentatidtvesé tip area graphs can be used
in the analysis of indentation force plots on the Elastic d&the force review software.

Crop Image Once zoomed in on an image, this command will discard all datside the
current viewing area. This is done to all layers of the imaféease follow the steps in
Section 1.4.3 on page 58s they include a protocol which will prevent the permariess
of raw data.

Help This links to more detailed descriptions of these items.

New Appearance This toggles between the new and classical appearances 2bthraphs.

Argyle 3D This button launches a 3D view of the data. Detaile€hapter 3 on page 98

For Display Windows with many image channel tabs, smallvarbottons to the left of the tabs
allow the user to move left or right through the image layérthere are only a few tabs, these are
grayed out and inactive.
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1.1.3.1. Reprogramming Shortcut buttons

Tip The shortcut buttons in the Display Panel
(Section 1.1.3 on page are programmable.

Any function from theCommands pull-down
menu can be assigned to any of the buttons.
For instance, th&Note' button, marked with the
letter N, can be replaced with'arop' button,
labeled with the letter C. Reassign one of the
shortcut buttons as follows:

« Ctrl+click on any of the six buttons.

M)A

 This will produce the dialog box to the
right.

 Select button you want to reprogram.

» Enter a new name for it; up to two letters
can be displayed on the buttons.
Usually, the name is based on the initials
of the function.

e Choose the desired command from the

7| setImageButtons [ = [ 5 [[Z5]
@ Button: 0 (") Button: 1

§ _ Reset
() Button: 2 1 Button: 3 to

Defaults

(") Button: 4 () Button: 5

Title | Ly

Does: Export to Layout |E|

Display Panel =
Modify Panel
Analyze Panel

List Panel

Extract Layer

Insert Layer

Delete Layer

Show Mote

Image Mame — Show
Change User Names
Save Image

Save As ...

Save Then Kill Image
Kill Image

TIFF Export 1x

TIFF Export 2%

TIFF export 9x

Set Layout Note Fields
ManoIndenter Tip Area Func

pull-down list. Crop Image
Help
Mew Appearance
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1.1.4. AR Thumbnail Viewer

| cds92006_0001.ibw Properties x|

| General| Asylum Research | Summary|

Custom Information

Data Channels:

HeightTrace Iin]

Note ltems:

i Name Value L‘“‘
ScanSize 2e-06 —
FastScanSize 2e-06
SlowScanSize 2e-06
ScanRate 049761
XOffset 0
YOffset o

| SeanPoints 512 &

|
i
[ ox ][ conen

Figure 1.4.: AR thumbnail viewer extension for Windows.

On the Windows operating system side of the software, the MRnbnail viewer is useful for
nding a speci ¢ image within Windows File Manager. This feae is installed as a Windows
extension along with the AR software.

1. Right click on an image le, and choo$®&operties.

2. A panel similar toFigure 1.4 on page 1®ill appear. The Asylum Research tab will have
a larger thumbnail of the stored image, and the lower poniotne panel has the pertinent
scan parameters.

3. On the pull-down menu you can view any of the data channetjdimg amplitude, height,
and phase.

1.2. The Modify Panel @

M stands for the Modi cation of raw image data. Usually thistals image processing of the
individual image layers to enhance features. The modifyepean be opened from:

e The menu itemAFM Analysis . Modify Panel
e The M’ button on any of ine image.

e Commands . Modify Panel on any of ine image.
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1.2.1. Flatten tab

"

- Bl

i Flatten | Planeft | Erase | Mask | Fiter | FFT | History | Prefs |

[ana_air_piezon00s #0 HeighiTrace m
. A

[7] Global Flatten 2
[ Faten | )
Flatten Order:: 0 |Z| @
Offset Uses: ) Mask @ All @

_Exclude Points | @
@
@

Unda Flatien =
e r?
[m_liesto re Layer @

Make Flatten Panel

\
i
l%
=

Figure 1.5.: Image atten controls.

Whentouse: AFMimages are subject to line-by-line variations in thegheidue to thermal drift,
scanner artifacts, and various other complications. leiwoto correct for these differences across
the image, a simple attening correction can be applied todata. Although the calculations and
data transformations involved are relatively simple, thsuitts are highly dependent on the data
inputted into the algorithm.

How to use:  Flattening ts each scan line with a polynomial and subisatfrom the data.

e 0 order is the most commonly applied atten. This data tfameation is widely accepted
in the literature. In this calculation, a simple offset igabed by taking the average of the
unmasked region of the scan line, then subtracting the gedram the entire scan line.

 1st order polynomial is also very common; it subtracts aigltt line from the data. Care
needs to be taken to prevent this modi cation from altering &ctual features of the data;
seeSection 1.2.1.1 on page 14

e 2nd order polynomial is much less common. Great care neebls taken with this modi -
cation as it has much more potential to deform the data.

 3rd order polynomial probably should not be used for anylipation. It is included in the
software just for tinkering with data.

1.2.1.1. Flatten Example, features on at substrate

Overview For a successful application of attening with minimal datansformation, attening
should only be performed on portions of the AFM image thatesent the background. In this
case, we presume the background to be a relatively at satiestriNon-background features are
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excluded from the calculation with a mask, thereby prewenéictual features from being used to

calculate the t of the polynomial. The use of masks is disaakinSection 1.2.4 on
we will do a standard iterative process that works well forideawvariety of images:

e Flatten O
« Mask
e Flatten 1

page 26lere

In this particular example we will be using an image of DNA oican You can download this image

le from here:

" dna_air_piez00005 #0 HeightTrace E
Range[1.08nm ¢ [ ColorBar b ) [a
oreat[om 2 cowntan Gz 7] .
Nl (D)
= E | Hr [ AmT | AmR | PhT [ PaR | zZsT | 7SR |
800
+ With an image open, select the =
desired image channel. 0
« From the large offsets between lines, « “
you can tell that this image will :
require at least a atten 0 200
-400
2. Click the@ button to open the Modify Panel.
3. Setthe atten order to O.
% [SrErE
Range[1.0anm |5  [¥| ColorBar &o
ofsetlonm |4 [Auto | Cobriten| Grays2s6 [ =] %
|

B HT | amT [ AmR [ PoT [ PAR | zsT |
800

Perform the Flatten

600

* Click “Flatten'. Notice that there are
attening artifacts (black streaks) to
the left and right of taller features.

E 400

200

200

400

nm

600

5. Go to the Mask Tab and seldterative from theCalc Methodpull-down menu.
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200
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-400
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i [=iEr=]
Range | 108nm | Color Bar Bo
offset 0nm_| coritan Grays256 |+
5 = wer [ AmT | AmR | PAT | PhR | Z5T | 2SR | HiTmO
Create the rst mask.
» Click ‘Calc Mask. .
» Make sureFill Mask is still selected 400
6. in order to show the masked pixels. 0
The red pixels highlighted in this way §
will subsequently be masked out and 2
ignored.
-400
e SirEE]
Range [1.08nm |5 [ ColorBar
orset[orm |5 coortien | Grayszso [~ |
= - [THm [ AmT [ AmR | PAT | PhR | ZST | ZSR | HITmo
Erode the mask [optional]:
 Click "Erode Mask' once to eliminate
7 small, undesirable spots that have 40
’ been masked. L 20
» Notice the mask covers less of the :
features. 200
-400
1] 200 400 - 600 800
| pep S
Rangeﬁ_. = [“TColor Bar fco IE
ofiset 0nm 4 cobrien | Grays255 [ - |
Dilate the mask [optlonal]: HT [ AmT [ amR | por [ PhR [ zsT [ zsR | HiTmo
« Click “Dilate Mask' twice to enlarge 5
the mask. =
. . . 600
* Note that eroding and dilating are not a0
8. always reversible. "
. ) ) £ 400
» Redo the mask with an iterative mask 0
to restore the image to its state in step o
6. This is necessary to continue the =2 .
example.
0
0 200 400 600 800
SYLUM
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Ch. 1. Introductory Image Analysis Sec. 1.2. The Modify Pane |

] EEE]
Range [1.08nm 5 [ Color Bar €5
ofiset onm 4 Colorap | Grays256 : % )

EE HT | AmT | AmR | Pur [ PoR | zsT [ zSR | HTmoO
800

Flatten.
» Select the Flatten Tab. s00 -8

9. « Select a atten order of 1 from the
pull-down menu.

 Click the Flatten' button.

400

200

nm

400

-200
200

-400

0 200 400 600 800
nm

Note

 This procedure works because it keeps the order to 0 or 1efoes it is useful
10. to go to a second order atten in order to calculate the magkaBare in this

case that you must undo the second order atten betweenrmgeae mask and
applying a rst order atten to eliminate second order moctitions to the data.

- JE— T =2t

11.

Review: [optional]

» Create 3D images of the starting point and the end point.

1.2.1.2. Flatten and Plane t Example, Lattice steps

Overview

Sometimes it is useful to use a combination of plane t andeat for example lattice steps can
prove to be dif cult to correct. It will require an iterativprocess of masking, and correcting,
while trying to minimize the distortion of the data. The ugerasks is discussed Bection 1.2.4
on page 26and the use of plane tis discussed in more details.tx2 Here the outline will be:

¢ Manual mask
e Planet X1

SYLUM
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Ch. 1. Introductory Image Analysis

Sec. 1.2. The Modify Pane

e Improve mask
e Planet X1
e Assess if Flatten 0 is required

» Assess if Flatten 1 is required.

In this particular example we will be using an atomic stepalfigsample courtesy of Nir Kampf of
the Weizmann institute. You can download this image le frbere:

Starting image layer:

1. « With an image open, select the Z
sensor channel.

Range | 64.00 nm =

[l colorBar | Commands »| [0 (W
(Auto ] Colortian | Grays256 [ = | %‘

omset/onm |5

8

5 & [TaR [ amR [ PnR.| ZSR |

pm

B SIE=

2. Click the@ button to open the Modify Panel.

Hand draw a mask on one side of the
image

pum in X and spanning the entire Y
axis.

e Click on Make Mask on the mask
panel.

4. Goto the planet tab.

e Go to the mask tab, click on include
points and then drag a box from 6 to 8

[¥] Color Bar omimand 3D
Set the color table of the image

(e | oo
& E HR [ AmR | PhR | ZSR |

8

Range 64.00 nm [
Offset 0 nm

i [EENEE]

a) Setthe Offset uses to Mask, this will set one level of thickato zero, otherwise zero

would be between the two levels.

b) Do a rst order plane tin just X.

SYLUM
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Create a better mask.
» Go to the Mask tab Cem e
» Set the Calc method to bimodal ’

S. * Click Calc Mask

-OR-

* Click in the middle of the histogram
to set the level between the 2 peaks.

Rarige [29.00 nm ¢/ Color Bar Bo W
Offset -0nm |2 @ CumrMap:‘Gmyst}ﬁrE[ % |
Plane t X 1 again 3 R [ AmR | PhR | ZSR | ZSRmo | |
» Optional: Do an Ultra restore to undo
the previous modi cations to the g .
image, including the the saved 10
6. plane t that was done to the image. 5
» Back to the plane t tab, and do 0
another rst order plane t in XY. 4
24
* Click auto scale (on image) o
0
a Z 4 B 8
ym
SYLUM
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Do a 0 order atten [optional]:

* The rest of the instructions in this
example are optional, you need to
look at your image, and gure out if
you need to go further or not.

’ ThIS partICUIar Image ShOWS some E&Range‘awunm';a: [¥] Golor Bar bo EE‘@
discrete shifts in the slow axis, a onset[oam ¢ ooty o] (L

couple from 0 to 2 um, and clear one | = & [ [ &= [ e [ 258 | zsrm0 |
at about 3.5um, these will require at : :
least a zero order atten.

* Make sure that theffset usess set to ¢
7. mask.

« Try adjusting your mask again, use |* *
the histogram, and mask off most of
the histogram. 2

» Look at the other side of the lattice
(doing a atten will make the visible 0
side look good, but could make the
other side worse).

— click on inverse mask on the
mask panels.

— click on auto on the image to
adjust the scale.

Mask and atten O again:

» Use the histogram to make a wider
mask, to make sure you cover the
step, but if you get mask showing up
on the far side of the image (e.g. the
right side is mostly masked, and the
left edge of the image is also
masked), then that is going to go
badly. Try adjusting your mask more, |- .
but you may need to undo attens to
x the mask.

* Do a0 order atten again.

» This should do a good job of getting
rid of the offsets between scan lines,
but there could still be some slope to
the lattice steps.
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Mask and Flatten 1:

» Use the histogram to make a wider
mask, make it really wide to include
nearly all of the histogram, but leave

9. as much of the image unmasked.

& 7

» Do a Ftorder atten.

* Look at the other side of the lattice
again.

» Take a section across the image.

1.2.2. Planettab

5] (===

Flatten | Planefit | Erase | Mask | Filter | FFT | History | Prefs |

|
[ETZ_H airl 002 #0 ZSensorTrace m

] Global Planefit @
E3ER]|E 2
Planefit Order 1 |~ @
Offsef Uses: () Mask @ All @
[ ResetMask | @

Copy Plane : @

3

| )

Setup @

Figure 1.6.: Image plane tting controls.

When to use:  Plane tting is useful when you have sample that is known toabebut has a tilt

to it. Thermal drift and sample mounting are two common reador a straight sample to give a

tilted height image. By tting and subtracting a plane to #mire image, the image can be made
at. Measuring topographical features then becomes eaaee there is a relevant zero height
from which to measure.

How to use: Plane tting is very similar to attening. It ts the unmaskedata to nd and
subtracts a plane of speci ed order.
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e 0-order not very common, as this option simply takes theedfdf the unmasked image.
 1st-order is the most common. It subtracts a at, sloped@lom the image.

e 2nd-order is much less common. Care needs to be taken watmtidi cation as it has much
more potential to alter the topography. In this calculagsecond order polynomial plane is
subtracted from the image.

 3rd-order probably should not be used for any publicatlois included in the software just
for tinkering with data. In this calculation a third orderlypmomial plane is subtracted from
the image.

» Histogram is a much more complicated algorithm; it is mdre cecipe that seems to do a
good job on a wide variety of images. It:

— Does some ltering on a temporary copy of the image.
— Calculates a mask based on the histogram of the Itered data.

— Does a 1st-order plane t to the image.

1.2.2.1. Planet Example

Overview Inthis example we will go through the various plane t ordargl compare their results
on a highly curved sample.

We will be using an image of human hair. You can download timiage le from here:

i EEEE]
i sl = = l

Range 6.50um |3 (¥ ColorBar | Commands ¥ 130 ll-Dﬂ

r ey F L

Offset 400um |2 [ Auto | Colrviap| Cokdwvarm [+ | i

ElEE

= & [ ww [ amt [ Par | z8T | ZsTmo |

Starting image layer:

1.  This is the original Z sensor image of
a human hair. 2

pm
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EE=ER]
% “lcolorBar __Comrmnds' Bol [&]
offset [0 nr Auta_| Golorttap| Coldwarm [ = | %

_ B [ [ AmT [ Pht [ 28T | Z5Tmo |

30

25

Do a 0 order plane t:

2. * Note that a new layer with an average
of 0 was created. 5

20

i
o

0 5 10 15 20 25 30

o RS
Range [6.50 ym |} [T Color Bar
f I L M
i ColorMap | ColdWal
Ofset |0 nm ritap | Coldwiarm| = | ]
=) & [TA@ [ AmT [ PnT [ ZsT | zSTm0 |
30
Do a 1st order plane t:
25 i

» Since we are increasing the order, we

3 can simply do this on the modi ed el 2
layer. o 1
» Note that the left edge of the hair is 0
lower than before. " L
B -2
24
0 i =
0 3 10 15 20 25 30
pm
% S=E=]
Range [6.50pm |3 [¥) Color Bar Bo
UﬁsscubrMaD'ColdWarmEl o
B E HT [ AmT [ PhT [ zsT | zSTm0
Do a 2nd order plane t: 3 l
* Note that the image is drastically o
different.
A « This can be helpful, in that details on | *

the surface of the hair are clearer, but
caution is required as those features
could be artifacts from the 2nd order

pm
&

plane t. ;
0
0 5 10 15 20 25 30
pm
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" BT2_Hair1002 #0 ZSensorTraceMod0 {=n pcn
ul i =
Range |6.50pum |5 V] Color Bar B0 [ (&)
: : L
ofset[onm |3 [LAulo | Coloritap| Coldwarm [~ | % %
(m] [D]

= [ her | AmT | puT | ZST | ZSTmO |

Do a 3rd order plane t:

t
BT =
R

3. « The 3rd order plane t is similar to the 1
2nd order plane t, but more extreme. = U
-
-2
-3
i
f i (=]
Range 650 um ¢ [¥] Color Bar b0 [ (4]
Histogram plane t: ofset onm |5 [ Ao | Coleritan] Coltwarm [ 7] % g
 You need to rst undo the plane t; k m; sl il gl zsTmo | =
click “Undo Plane t' or 'Restore Layer".

Note that the latter option will undo 25
modi cations prior to the plane t. . 3
6. « Set the order tdlistogram and click [
XY E 1
0
* Note the similarity to the 1st order 104 Py
plane t. The hair was masked out, so 5
the side of the hair is more planar as a N 5

result of this modi cation. ot

1.2.3. Erase tab

5 ===
| Flatten | Planefit | Erase | Mask | Filter | FFT | History | Prefs |
d
[ DrawLines | @
Line Width 1 H @
[ Eraselines | 2
[_Clear Lines @
Undo Erase i
[ Restore Layer | @
Make Erase Panel | [ setup | =

Figure 1.7.: Erase controls.
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Whentouse: Abnormal scan lines can make adjusting your color scalecdlf, can be problem-
atic in masking and can skew some analysis (such as sectidog} that erasing too many lines
in publication grade data can work against you; experiel®fell users expect aberrant noise lines
in publication images. Please use this feature with disxretAppropriate use may include the
removal of lines caused by disturbances in a lengthy image §our lab mates slamming doors
while the best image of your life is being collected).

How to use:  Select the line or lines that you wish to have blurred outystdjhe width to make
sure the lines are covered, and cliclo It. The the marked lines will be replaced with averages of
the lines remaining on either side of the block to be erased.

1. With a Display Window image open and the desired image cHamthe forward most tab @
(for example, Height Trace (HtT) iRigure 1.3 on page)9click the M’ button to open the
Modify Panel.

®: SEBSO000HTMO
‘ 'U LI

Locate the bad line:

2 * |dentify the offending line. In this
case it shows up particularly well in a
3D view of the data.

[\ SEBS0000 #0 HeightTraceModo s
Range 4185nm 2 [ ColorBar Eommands > 2 L @&
Offset 0nm |2 Aulo | cooen | Grays256 | v ‘ % o)

HT | AmT | PhT | KT lqT | HITD |

. 10
Zoom in:

» Expand a small area around the lines 8
to be erased.

‘Expand |
Horiz Expand

3 6 Vert Expand
' Do this by selecting the area of - ShmkSh ) B
. . . . Hori. ri
interest in the image and then right | Sisiry .
clicking on the area. SeleEkpand or ——
Vert Expand. 2 Nice ZoomZoom

[edit] ZoomZoom

FixScale
Nice FixScale
0 2 4 €  Fix All Scales

m 5
H I_:iqual e Expand =

4. Go to the Erase tab of the Modify Panel.
5. Click the Draw Lines' button.
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{1, SEBS0O000 #0 HeightTraceMod0
Range 4185nm & [V Color Bar W} (b
Offset 0nm (& [(Aulo | Colorkap Gray5256i '_1 % %

BT | AmT_|_PhT_|_iT | it | HTD |

Select the offending line 94

» While holding the left mouse button 9.2

down, place the pointing nger cursor 9.0

6. over the scan line you wish to -
remove, then release. E

: . . 8.6

 Notice the line goes from red while

positioning to blue when set. 8.4

8.2

8.0

48 5.2 5.6 6.0
Hm

7. If necessary increase théne Widthvalue Figure 1.7 on page 240 cover more lines.

8. If the placement of the line is unsatisfactory, click fBkar Linesbutton to remove them.
Repeat the attempt.

9. Click the Erase Linesbutton. The line will disappear from the image, indicatimgttthe
erasure has taken place.

10. With the cursor over the image, use Ctrl + A to restore theilmalgzoom and assess the
results. It is also possible to zoom out by right clicking aetectingAutoscale Axes.

1.2.4. Mask tab

5| Modify Panel (=] ® s

| Flatten | Planeft | Erase | Mask | Filter | FFT | History | Prefs |

EPAbac*teriaDﬂD? #0 HeighfTraceMod0 :

[] Glabal Mask @

| calcMask | | BatchMask | 2

Calc Method|  Manual - @

Threshold jgiansd @

O Range| Sl @

[¥] Inverse [¥  Fuzzy-Entropy &l

Fuzzy-Mean Gray

| ErodeMask | | Dilate Mask | u [2)

| Exclude Points | | Include Points | Mask Transparency . U @

Reset Mask [z

\ﬂp}rr\nask : Paste Mask 2

| Iake Mask Panel | | Setup | 7]

Figure 1.8.: Image masking controls.
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Whentouse:  Flattening Section 1.2.1 on page 14nd Plane Fittingection 1.2.2 on page 1
should be applied exclusively to the part of the image th&n@wvn to be planar. Image masks
allow the non-planar areas to be omitted during the ttindgneTmask can also be used for image
analysis exclusively inside or outside the mask (see ge8tution 1.3 on page 36

How touse: Masking is used to exclude some portion of the image, tylyitsl setting a thresh-
old value to include the pixels above or below that threshdliere are a couple of ways to make
nding the threshold value easier, and a number of other putho ne tune the resulting mask.
The general steps for a simple manual mask:

1. Drag the blue vertical line through the histogram graph tateethreshold for the mask.
2. [Optional] Invert the mask using thewert' checkbox.

3. [Optional] Use'Range' to mask a range of values in the middle of the histogram; itss a
possible to unmask this range by checkingert:.

Next, a simple automated method:

1. With a Display Window image open and the desired image cHamthe forward most tab @
(for example, Height Trace (HtT) iRigure 1.3 on page)9click the M’ button to open the
Modify Panel.

. Go to the Mask tab of the Modify Pandtigure 1.8 on page 26

. Con rm that Iterativeis chosen in th€€alc Methodpull-down menu. This method is a good
mask to start with to nd the proper threshold value.

w N

4. For typical AFM samples with a at background and protrudfegtures, check thenverse'
checkbox. For a sample with pits, do not chotaeerse'.

5. Click the Calc Maskbutton. A threshold will be determined that may work for yamage.
Notice that theCalc Methodhas changed tManual and the determined threshold has been
entered.

6. If the mask seems close to where you want it, but should enaesnp bit more adjacent
area, click theDilate' button. This will add pixels around the existing perimetethe mask.
Click “Erode' to shrink the masked area. You can also eliminate lots oflamadked areas
by eroding one or two steps, then dilating back again. Omnigeldlobs will survive that
process. For examples of this, deégure 1.9 on page 28

7. If the mask seems completely off, you can always edit thestiokel and range values and
manually recalculate the mask. Alternately, use the hisingo set the threshold manually,
as described in the simple manual mask above.

Once you have your mask, attening and plane tting will onige the unmasked areas for the t,
but will apply the subtracted t to the entire image; the urgked areas are affected, but not used
for the tting.

Filters such as smoothing or blurring will only be appliediie unmasked area. Masked areas will
remain exactly as before the lter.

1.2.4.1. Mask Calculation Methods

There are many different mask algorithms to choose from:
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Manual The user may enter a value into the Threshold range. Thispuwillthe mask above or
below that value, depending on the state of theerse' checkbox. There is also a histogram on the
mask panel that represents the image data. You can drag &dvtieal line on this histogram to
set the threshold graphically.

lterative This calculation automatically picks a Z threshold rangegisn iterative method.

Bimodal The mask is calculated based on the assumption that the ihisiggram is a simple
bimodal distributioA.

Adaptive Adaptive thresholding evaluates the threshold based ola#ite3 pixels in alternating
rows?

Fuzzy Entropy This function uses entropy as the measure for fuzzthess

Fuzzy-Mean Gray: Fuzzy thresholding uses a method that minimizes a fuzzimessure involv-
ing the mean gray level in the object and backgr&md

Typically, one uses manual or iterative. Playing with theenexotic methods is encouraged. They
can sometimes surprisingly lead to the result you were fapkor.

Figure 1.9.: Creating image masks: A) after zero order atten (i.e., no mask); B) after Iterative mask;
C) Panel B) after Erode mask button click; D) Panel B) after Dilate Mask button click.

1.2.4.2. Hand drawing masks

When all the automated mask algorithms fail, or if they waxkept for one area, it is possible t

add or subtract areas from the mask by hand. This can be dibee & an existing mask or to an| &
unmasked image. T...
1. To add points to the mask, cliciExclude Points'. This will cause a set of drawing tools t EI‘
pop up to the left of the Image Display windowigure 1.3 on page)9 The points will be D.
excluded from subsequent operations. .c-;-'
2. Select a tool and draw a shape around the area of the graphaytuaadd to the mask. You | kg,
can draw multiple areas with multiple tools during this step b
Advanced Note: Each tool can be right clicked to reveal more tools. So

3. Notice that theéExclude Points' button has turned inttMake Mask'. Click that button and the
outlined areas will be added to the mask.

1T. W. Ridler and S. Calvard, IEEE Transactions on Systems) &tal Cybernetics, SMC-8, 630-632, 1978.
2This function [ImageThreshold] was designed by Wavemetric. and is built into the Igor Pro software. Please refer
to the Igor Pro Software manuals for more information.
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Note: To remove areas from a mask, follow the same steps usingntede Points' button.
They will be included in subsequent image processing.

A mitmlsim1%-m#f&'...l=_]gﬂl B

Range 177 ym |8 []Cokor Bar Lq_qmmam; vﬁ_@_ I%I
P ]

Offsel dnm |8 | Auio | coodes Mocha | x| %

O

& | HT | HR | AnT | AmR | IST | ZSR | ZSRU

[EEhEE

Dlaw_l;nlr

5

&

0 20 40 60 80 0 20 40 60 80

Figure 1.10.: Using "Exclude Points' masking feature: A) Click on exclude points, and select the free
hand tool to make shape; B) Draw the shape on the image C) Change the tool to ellipse and drag
around the height feature to also be excluded, blue indicates it can be moved on image with arrow
keys; D) Click on Make Mask. Data courtesy of Keith Jones, Asylum Research; sample courtesy J. Schlenoff, FSU

Chemistry.

1.2.4.3. Copying Masks

In some instances, performing two separate iterative makiulations on two separate image
channels in a data le can give two different results. This & problematic, especially when

overlaying two channels in ARgylé&éction 3.2 on page 99In these instances, it can be a good
idea to copy the mask from one channel and paste it into thex otfannel.

Another reason to copy the mask is to save processing time Wiz and error approaches are
being employed with plane tting or in nding a attening oet.

1. Make a mask on one of the image layers using the methods dedabove.

2. Click the Copy Mask' button.
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a) Note that a pull-down menu appears to the right of dupy Mask' button. This allows
you to copy to multiple “clipboards”.

3. Select another image layer.

4. Click the Paste Mask' button. This will paste the mask on top of whatever mask wasely
present on that layer.

a) If you are using multiple clipboards, there will be menthe right of the' Paste Mask'
button allowing you to select which clipboard to use.

1.2.5. Filter tab

"5 Modify Panel =il
| Flatten I Planefit I Erase I Mask | Filter | FFT I History I Prefs !
" sy
] Global Filter 2]
Unda [ Restore @
= Filter NxN
NN Filter: | median [ | Size: |3 H @
[ Dot | passes: (1[4 [@
= Filter 3x3
a2 FiIter:fSurﬁceAnglesE passes: |1 5 @&
[ Dot | @
it Filter Kernel
| WakeFilterPanel | [ Setup | 2

Figure 1.11.: Image Itering controls

Whentouse: Flattening and plane t are very good “ lters” for AFM imagethey apply a mod-

i cation to the data, that can remove typically problems iRM images. But sometimes you need
a bit more, the lter tab has more general use lters, that barapplied to any image data. In fact
a lot of these algorithms were developed for photographyt iBrou are having trouble making
out edges, and you know not to use that resulting image fontgqative analysis, it is perfectly
reasonable to apply a harsh edge nding lter.

How to use:  This tab applies a variety of standard image processingigabs to the unmasked
part of the image (se#.2.4. The two lter types that are primarily used are the NxN an® 3
matrix lter. At each pixel of the image, they look at the nestr neighbors of that pixel, and apply
an operation on those neighboring pixels to calculate thepieel. A very simple 3x3 lter would
take an average of the 9 pixels, and put that value into theeceA description of these matrix
Iters can be de ned better in the software help menus.
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e NxN lter: Pull-down; this matrix Iter has various Iter method typescluding: Median,
Average, Gauss, min, max, NaNZapmedian.

— Size:De nes the size of the NxN matrix; the larger the number, thararthe pixel will
be blurred (in uenced by more neighbors).

— Passes:De nes the number of iterations that ltering process urgias, also more
passes means more blurring, but can sometimes work bedteirtbreasing the size.

« 3x3 Filter: Additional Itering options are listed in this pull-down;lter types here include:
surface edges, nd edges, point, sharpen, sharpen morgyradient Iters in each direction
(N,S,E,W).

Consult any standard image processing textbook to see wtecls best for the type of noise or
feature you are trying to suppress or enhance. Also corsilgor Pro user guides, since most of
the image lters are built-in Igor Pro functions.

To remove spiky noise on surfaces, consider the median Welike
Note Gaussian Iters which tend to blur everything, median Keran remove noise¢
while preserving edges.

An example of how to apply a 1 pass 3 median Iter on an image:

1. With a Display Window image open and the desired image cHaomeodify as the forward @
most tab (for example, Height Trace (HtT) kigure 1.3 on page)9click the M button to
open the Modify Panel.

Select the Filter tab.

Select median from the NN pull down menu.
Set Size to 3 and pass to 1.

Click the Do It button just below N N Filter

o g ~ WD

A new tab will appear in your Image Window with the ltered tds

1.2.6. FFT tab

When to use: FFT lItering can be very handy when trying to reveal an unged periodic
structure in a sea of noise, as well as removing that perindise from images. Doing a fast
Fourier transform (FFT) on the image gives you a measureefréguency components of the
image. The noise is removed by masking out regions of the BRd,decreasing their strength.
The result and the difference are reported before you comutting the iFFT (inverse FFT) back
into the original image.

How to use:
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Select Image, Open Mod

» With a Display Window image open
1. and a desired image channel to
modify as the forward most tab, click
the M button to open the Modify

um
pim

Panel. o
0 1 2 3 4 i
Hm
'E Modify Panel EEE]

. | Flatten | Planefit | Erase | Mask [ Filter | FFT | History | Prefs |
Select FFT tab and prepare the panel: e —
e Select the FFT tab. T @
) image FFT[~]  ColorMap| Terrain256 =@
» Make sure the the Auto check box is  [rmse 157 1 ometisison 2 @
) selected. Now change the Image pull | " ™ ,oeee ™ :
) down menu and make sure auto is [l Hertz Scalls @
ude Points | nclude Points | 2]
selected for all three values (FFT, S
1 i [C] Inverse [Z] FillMask @
IFFT’ Dlﬁ). FFT Multiplier | 1e-09 B @
* Click the "Make Graph' button . [ oom ] [Cweettaer |
Undo FFT [ Restore Layer | @
[ FFT Panel | [ setup | @

Create mask, run the lter:

* Click the "Exclude Points’ button. g
« Have the llmask checked. o R
« Choose a drawing tool from the : j ' '

pop-up to the left of the window.

» Draw rectangles or ovals around the
3. periodic peaks in the FFT window.

* Click "Make Mask'.
e Leave the FFT multiplier at 1.00e-9.

* Click "Do It'and the two square
images to the right of the elongated
FFT window will refresh with new
contents.

1]
L |
=
=1

mm

2

4

o 5 w0 s om0 1 2 2 . =
M-t wm Difference|
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Result:  The window on the upper right

was formed by only the spatial frequency

components inside the two selected ovals. [EAEREEEEEETE
All the other rejected (masked out)
frequency components are shown in the
image below that. The lower image looks
largely like random noise. There is a tiny
bit of structure left in it, perhaps warranting
4. | another attempt at drawing the masking
ovals a bit larger. But this will do for the
purposes of this demonstration, which
preserved the majority of the low frequency| ~
components and gave the image its long
range structure. Comparing to the

un ltered image shows that some of the
atomic steps near the center of the image
are not truthfully represented in the ltered
result.

s

800
| 600
- 400 ¢
200
0
200
-400
-600

* [Difference

ir_20031203_0001 #0 HeightTraceMod0

Rangs[139nm [& [ colorger
offset (171,50 prif3 ColorMap | Grays [¥]

= [ HT | AmT | PAT [ HTD |

Re-insert the result into the original
image:

800

* In the FFT tab (seen in Step 2 above)
5. click the Insert Layer button. B

600

400

pm

 Click ‘Do It'in the next window, and
the ltered result is added as a new
layer to the original image.

200 £
g

-200

-400

SYLUM

ESEARCH
an Oxford Instruments company support.asylumresearch.com Page 33



Ch. 1. Introductory Image Analysis Sec. 1.2. The Modify Pane |

1.2.7. History tab

5 odty pandl E=nEe x|

| Flatten | Planefit I Erase | Mask | Filter | FFT |_ﬁistcm_.,r | Prem

{PAbacteriad007 #0 HeightTraceltodd m

[7] Global Execute [D]

=l

[¥] Restore Priorto Execute

4 Flatten0 -
M PlaneFitXY1,Manual Mask
M Flatten1,Manual Mask

[

=y
13l

[ UndoFlatien | [ Restorelaver | @
@i Set| Current Laver.B 7
= &

| Make History Panel | [  Setup | =

Figure 1.12.: History Tab.

Whentouse: This tab will show what modi cations have been done to theenirimage. This is
where various steps and lters that were applied can be undionaddition, once a series of image
processing steps have been performed on one image, they @apied and applied to a batch of
images.

How to use:

1.2.7.1. How to apply one process to another image:

1. With a Display Window image open, click th®!' button if you have not already done so. @

2. With an image layer that has some image processing appligddick the History tab on
the Modify Panel. Here you will see a list of applied lterscaprocesses.

3. With all or some of these processes selected, click@wpy' button. This will copy the
selected steps. A new item will appear under 8stpull-down menu, indicating that the
selected history may be applied elsewhere.

4. Select the image and layer you want to apply this processdiecSthe appropriate history
choice from theSetpull-down menu.

5. Click the “Execute’ button and the series of steps will be applied to to the nevgana

Note If the process is particularly elaborate, save the curnepéement history so it can be used
to process future images. If the images have been killedemgkned, the history window will not
show what modi cations were made. FFTs are not listed in fis&hy.
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1.2.7.2. How to apply one process to many images:

1. Do steps 1 through 4 above2.7.1

2. Check the Global Execute checkbox at the top.

3. Click on the D button to bring up the display manager.
4.

Select the images you want to operate on. Note that onlyalisdlimages are listed here,
you many need to display additional images from the list pageSection 1.1.2 on page 8

5. Go Back to the History tab, and click on Execute, and it wilplgpthose steps to all of the
images selected in the display manager panel.

1.2.7.3. How to remove one step from a multi step process.

1. Make sure that only the steps you do want to do are selectdw inhistory list.
2. Make sure that Global execute is not selected.

3. Make sure Restore Prior to execute is selected. This wilbuadbthe modi cations to the
current image rst, and then go through the history, appiytine selected steps.

4. Make sure set is set to current layer.

5. Click execute.

1.2.8. Prefs tab

= ==

—
Flatten | Plangfit | Erase | Mask | Fiter | FFT | History | Prefs |

[¥] Modify Insert Lavers m
)

[[] Undo Only Last Planefit (Just read the Help) 2z

[Make Mod PrefPanel| | Setup | @

Figure 1.13.: Modify Panel Preferences

This tab has 2 complicated controls that do not seem to béloagy other section.

1.2.8.1. Modify Insert Layers

This is the checkbox shown Figure 1.13 on page 3% e already mentioned ifab Naming Con-
ventionson Step 6a on pagetBat modifying a layer places the result in a new layer witlasterisk

in its tab. This new layer creation is the default behavioewModify Insert Layers'is checked. If a
modi ed layer already exists for a certain channel, more noations will overwrite that layer. In
other words, ltering a raw data layer automatically creadescratch copy. Subsequent Itering of
that scratch copy will keep overwriting the results of theaszh copy. This preserves your original
data while preventing the pileup of countless scratch spie
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Example: Your data has Height Trace and De ection Trace. You applytéerato the height layer.
With Modify Insert Layersot checked, the original height layer would be overwrittdriModify
Insert Layerss checked, then you will get a new layer called HtT*0 whicls lize attened height
data. If you where to then view the HtT*0 layer and do a IteribnThe data in that layer will
be overwritten, regardless of the state of this controlhwlite attened and ltered height data.
Finally, you go back to the original Height Trace layer andadalane t. The HtT*0 layer will be
overwritten with the original height data, followed by thiae t; you lose the atten and lter.

1.2.8.2. Undo Only Last Plane t

This checkbox changes howndo Plane t' works.

« If it is not checked, everything works the way it used to. \Wlile Undo Plane t' button
is clicked, it undoes all the consecutive plane ts appliedhe selected image. In addition,
when this control is not checked, it is impossible to undoamelt once another operation,
such as a atten, has been performed. The planet can onlyeneored if the layer is
restored.

« Ifitis checked, then clicking on th&Jndo Plane t' button will undo only the last plane t. If
a rstorder plane t is applied after a second order planeashbeen calculated, only the rst
order plane t will be removed. When this control is checkadghlane t can be undone at any
time, and no other modi cation will be reversed. The only exthvay to do this would be
to use the History tab; segection 1.2.7 on page 3#inally, if this control is checked, then
you can undo the RealTime Plane t; this function is comgietsackward compatible. You
can load up old data and undo the RealTime Plane t. There isther way to reverse the
RealTime Plane t.

1.3. The Analyze Panel

The Analyze panel is where roughness, line sections, hiestag, and particle analysis of image
data can be performed.
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1.3.1. Roughness Tab

When to use:  This tab provides statistics on images. When used with trekited1.2.4 it can
also provide statistics of the unmasked portions of the anabhe topmost image will have its

B Analyze Panel

[S=]EE]

; u npule‘cEUD.Dé-. #D he‘l‘gh‘ﬁ‘race
— —

Calculate Roughness |

Wask [ Make | [Reset]

BoxSize [1.00pm |

X [1:1
55 YOffset|500.00 nm |2

iCs ~ X Offset [500.00 nm |4/
Stats Full Image Masked Image
SdeviRa] [856.711nm | [nanm

AdeviRa] [567.932nm | [nanm

|

|
Max [820.077 nm | [nanm ]
Min [2684um | [nanm |
Avg [-224.000pm | [nanm ]
Skew  [223 | [nan |
Kurt [3.a4 | [nan |
Percent [100% ] [0.0% ]
Area [2886.7 pm® | [NaN ]
Area%  [15.47% | [nan% |
Volume  [-Z3pm® | [nanm ]

[ Export Roughness |
| Roughness Parel | [ Seup |

| Roughness ! Section i Histogram | Particle Analysis |

kad
@
@
@
@
@
@
@
@
@
@
@
@
@
@
@
@
@
@
@

&

Figure 1.14.: The Roughness tab of the Analyze panel.

statistics displayed. See the gray help buttons for degamip of statistics. If the image is masked,

then the Masked Image column will have the statistics exeluthe masked pixels.

How to use:

1. With a Display Window image open and the desired image cHamthe selected tab (for
example, Height Trace HtT iRigure 1.3 on page)9click the A’ button to open the Analyze

Panel.

2. Select the Roughness tab.

3. View statistics of the currently selected channel.

4. Click the “Export Roughness' button to create a text le of the statistics and save it to the
directory from which the image originated.

An example of image roughness measurements relative tacgeuféatures contained by the mask

is shown inFigure 1.15 on page 38You can download this image from here:

. Panel (A) shows an image of an
elastomeric mold that contains no image mask. Notice thekbthimage column of the Rough-
ness tab shows Nan, “Not a Number,” because there is no maslel B shows the result of an

iterative mask with'inverse' checkbox NOT activated. The values in the Masked Image aolum
represent the areas outside the mask, which include thietigheas of the image. Finally, in Panel
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C), the mask was manually set to include the smaller feawiréise mold above the plane of its
main surface; these statistics represent the image withrifeese' checkbox activated.

50 50 50
40 40 40
30 30 a0
20 20 20
10 10 10
0 0 0
0 10 20 30 40 5 ] 10 20 30 40 50 0 10 20 30 40  SC
um pm 4m
Stats  Fullimage Masked Image Stats  Full Image Masked Image ‘Stats  Full Image Masked Image
RMS  [2.356 pm Inan m RWS  [2388um 2887 pm RMS  [239um 2945
Sdev  [856.008nm  fnanm Sdey  [B56005vm  [Z10745vm ‘Gdev  [B58005nm | 27634 rm
Adev  [BEI033nm  [nanm Adey  [SB9033nm  [143714rm Adev  [B83093nm  [23584nm
Max  [3010um Tnan m Max  [3010um 3010 pm Max  [3010pm [5670 pm
Min [-372800rm — fnanm Min [-372800mm 1271 pm Min  [-372300nm  [2.900um
Skew 224 {han Skew |224 [248 Skew [224 0.285
Kurt 1343 ‘han Kurt  [343 [812 Kut (343 [-0.962
Avg 12235 pm Inanm By 12239 pm | 2542 pm vy [2238 um [2.945 ym
Percent |100% 10.0% Percent [100% EERES Percent [100% [0z
o BT T " Area 2B867yef (234 9pet | Aves 2067 uvt | 24t J
Area | 19.477% | nan | Area | 15.47% [6.373% Mea¥ 15.47% | 572% |
O ETTETT A Volure | 56es03um? | 560s03uwe | | |Volme Seui3ur  |8Eumw |

Figure 1.15.: Roughness panel statistics: A) Unmasked image; B) Iterative mask results; C) Manually
adjusted to mask smaller features at top of pattern.

1.3.2. Section Tab

ARIMGriSebs0002

Make Graph | [ Include RealTime
Color| [l
Mode | Line
Angle [344° |4 [ Full vigm op [ief
x|se70anm | x[Toigm
Y 75576 nm | v[10sum |
Z 343.93nm Z 280.01nm

BEE 5 R

dv[20187 nm |
d7 -6393nm
axy [ 127ym |
Surface Dist: 1.28 um
Slope -50.16 mmim
Angle -2.9°

Export Table

[Wake Section Panel | | sewp |

BEHEEENEEEEEE

Figure 1.16.: The Section tab of the Analyze Panel.
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When to use:  The Section tab allows you to make line sections to extraeigendata. Both
straight lines and curves can be de ned. The lower portiothefpanel provides measurements
along the image section.

How to use:

1.3.2.1. Straight Line Sections:

1. With a Display Window image open and the desired image cHamthe selected tab (for
example, Height Trace, HtT iRrigure 1.3 on page)9click the"A' button to open the Analyze ;

Panel.
2. Open the Section tab.
3. Make sureMode is set toLine.
4. Make sure theAangle' checkbox is unselected.
5. Click the Draw' button.
Draw a line:
* Click the spot on the image where
you want the section to start. Hold the
mouse button down.
» Drag to the endpoint of the section
and release the mouse button.
6. « Note the two cursors at the ends of
the line section. They can be dragged
to other locations in order to reorient
the line section.
Optional Select the Full Width checkbox if
you want the line section to extend to the
. ) . . :
edges of the image. 2 L 20 H
[ Sections = X
Take a"Gnag Shot of aciive frace and append 10 Upper Graph [ Bestion Gontrols |
V|eW SeCt|0n DOtegend [ Edt ] [ Layout |
» Once the line is drawn, a Section plot
will appear.
» Drag cursors from the bottom of the
7 trace graph onto the trace;
corresponding markers will appear on 0 * Ve *
the image. Sy | U] e Gt it | wasmes |
» Positions an(;i_ dlftange_s br:atvlveen tEelomional Click the Export Table button on
c?:zorzartle ISP ayel In the lower a{he Section Panel if you want to store the
ot the Analyze panel. information.
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Average over multiple lines:

* Increase the pixel width of the line to
average the section over a broader
path. The control is located next to

8. the Full Width checkbox.

» The section graph will update
automatically.

Note The width uses units such as “n” for
nanometers or “P” for pixels.

Leveling Line Sections If an image happens to possess some tilt, as is usually agpfaoen
section data, using the Igor cursors to measure a meaninhgigiht difference is not an easy pro-
cess. One possibility is to perform a rst order XY plane t thne image before making sections, as
was discussed iSection 1.2.2 on page 2An alternate solution based on manual subtraction of a
linear background can be executed if the section data aadlron screen. The latter is described

below.

-100

» Hold down the CtrI' key while moving
1. the mouse pointer over the curve. An
up/down arrow cursor will appear. ey

-120

ZSensor

-140

 Click and drag vertically to change
the underlying slope of the curve.

» Manually level the background. 130nm

Note Be sure not to confuse these leveled curves with real, unetbdiata. Only the section
pro les are altered, and this modi cation will be undone ifet section is updated.

Adjust the XY Angle of the Section Line on the Image There are two ways to adjust line section
angles with the section drawn:

e Move one of the end cursors on the section line by left aligkand dragging it to a new
point.

» Select the Angle' checkbox, then manually adjust the angle by typing valustime Angle
eld on the Section panelRigure 1.16 on page 38
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Note Once the Angle' checkbox is selected, the section cannot be rotated witbuts®rs.

1.3.2.2. Free Hand Lines

Free hand lines are curved lines that are drawn by hand.

1. With a Display Window image open and the desired image chHamhe forward most tab
(for example, Height Trace (HtT) iRigure 1.3 on page)9click the "A' button to open the
Analyze Panel.

2. Open the Section tab.

Set up for drawing: ol Line\ v] B

SelectFree Hand from theMod 98] Line
* Selectrree Hand from theMode !
3. - O B
pull-down menu. [cws|_Free Hand
¢ Click the "Draw' button.
5
Draw the curve: 4
* Click and drag to draw the cursor
path through the surface features of 3
interest.
4. « Once the mouse button is released, 2
the line becomes a series of square
points. 1
* [Optional] By click-dragging these
points, the user can modify the curve. 0

ZSensor

» The square points disappear and a A
section graph will appear on screen. ' '

Finalize the section: o
. . 40
 Click anywhere on the image away
5. from the curve. =
0 Pls,
I T T T T
0.0 05 1.0 15 2.0
{m

Plotting Multiple Line Sections on One Section Plot

1. Make a section of an image layer using one of the methodsitledcabove.
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Create a copy:
] ) ) [ Sections
* In the section graph window click the | === e race and appent o voper orosn. BT
“Take a "Snap Shot" of active trace and O Legend Il

3. Make another section of an image layer as described abovewAection will appear in the

append to upper graph' button. The
current trace is copied to a secon
graph, while the bottom graph is
empty and awaits a new section.

lower graph.

d Optional Double click the upper graph and
change its color.

Exporting Sections as ASCII:

Overlay multiple sections:

Click the Snap Shot' button again to
join the lower graph with the other
curve on the upper graph.

Repeat this process as many times as
needed.

“CtrI+click theSnap Shot' button to
append the section to an invisible left
axis. This is good for comparing
sections of different data types, such
as phase and amplitude, as the sectio
will not need to share the same axis
range.

*Shift+click the Snap Shot' button to
simultaneously append the marker
distances, found in the bottom half of
the section panel, to a notebook.

[Lvﬁ Sections

= X

)

Coyout ) (i)

(e omap shor orawe

gapn] S
) Otegend  [__Eat ) (7] (

) ([save

pm

1.5 20 25

\\\

A
B

Il
Ve

\

pm

Click the “Edit' button on the Section Graph. This will create

an X,Y delimited table from which the columns can be copied pasted as text into any other

program.

1.3.3. Histogram tab

When to use:

This panel allows you to view histograms of image data. Hjistns are the result
of taking data arrays and counting how many times a value ¥aithin various ranges of values,

called bins. This can give an estimation of the probabilistribution of the data.

How to use:

1. With a Display Window image open and the desired image cHamthe selected tab (for
example, Height Trace HtT iRigure 1.3 on page)9click the A’ button to open the Analyze
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Panel.

Histogram Analysis Panel:

* Click the Histogram tab. £ Analyze Panel

==

* Click on the’Make New Histogram' =
. . | unpoledd003 #0 AmplitudeTrace
button and a histogram graph will

[ Blobal Histogram D]

2. automatically come forward. El e Mk o
* If you have a histogram graph already [ Wake New Histogram |
| Close All _!

up, you can append to that graph with | - ==& _
. . | HistogramPanel | [ Setup |
options to the right of théMake New

| Roughness | Section rglstogram | Particle Analysis

e NS

,_

Histogram' button.

Histogram Result Graph:

 You can put multiple histograms on a
single graph, from the histogram tab, s

Rename Plot | [IshowLegend [Remove Histoaram

there will be a pull down menu to the ...

(=i

[C] LinkBin Sizes

i
npoled0003HETDSp [ 0 200 400 G0 oo 000 YRS G‘““"”

Lo Scale 0
i Mean 0nm
5TD 0nm

right of the Make new histogram, o —"
listing the existing histograms, select = =

3. R 5000
one of those, and you will append the =
current data set to that histogram.

» The Select histogram control on the T ‘

histogram graph will set which
distribution the rest of the controls
work on.

1.3.3.1. Fitting

¢ There are 3 distributions built into the software: Gaussioisson, and Lorentzian.

» Select the model, then click theit' button. There are more options in the pull-down menu

to the right of the this button.
e The parameters from the t are displayed under e button.

» To append the t parameters to the graph, use the pull-downunto the right of theFit'

button and seledtabel Fit.
e To ta subregion of the distribution, mark the start andpstaith the cu

rsors. Presstrl+i'

to show the info window, then drag the circle and square tdrttar start and stop of the t

region.

1.3.3.2. Data Modi cation

To do offsets of the image data, place the cursors at the@usigou want to be zero. Presgrl+i'

to show the info window. Then drag the A (circle) or B (squara)sor where
Then go to theCommands pull-down menu and sele&et cursor A to @r Set
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1.3.3.3. Other Options

Edit This button will bring up a table of all the values of the imdbat created the current
histogram. You can presstr+'A' to select all the values, then copy and paste them
into any program.

Bins You can adjust the slider to change the number of bins in te®dyiam; if you have
multiple histograms, thé&.ink Bin Sizes' checkbox will ensure that all the histograms
have the same bin size.

Mask Place Igor cursors around the region you want to have mask®dn theCommands
pull-down menu, seledtlake Mask from Cursors. Now that there is built in histogram
on the mask panel, this is not as useful as it once was.

Crop You can crop data outside the cursors from@leenmands pull-down; this will remove
data from the histogram outside of the cursor range set. iShiseful if the wide
distribution of a few data points makes it dif cult to see @i in the distribution.

1.3.4. Particle Tab

Whentouse: This tab allows you to analyze particles or features of argerde ned by a mask.

How to use:

1. Create a mask that de nes the particles on an image . To bpnipel mask panel click the
*M' button on the image window and select the Mask tab.

2. Open the Analyze panel by clicking tha' button on the image window, then select the
Particle Analysis tab.

3. Click the Analyze Particles' button. When the software is nished analyzing, all of thetpa
cles will be selected. To select only the particles you whalg down the left mouse button
and drag the cursor over them.

4. Click the Detailed Stats' button. This brings up the Particle Analysis Stats Paneickvvill
display the attributes of the currently selected particles

5. From this panel, you can graph the attributes by clickinghentuttons to the right. The left
most button is for a histogram, the next button is for a distion, and the last two are for
plotting Y attributes vs 1 or none X attributes. Sgtep 4 on page 49

1.3.4.1. Particle Analysis Example 1: Finding the Length of a Piece of DNA

In this particular example we will be using an image of DNA oitan You can download this im-
age le here: http://www.AsylumResearch.com/Files/Data/Flattelirgmplel.zip We will use
skeleton erosion to nd the length of a strand of DNA. This huet works best on thin particles
with curves, where a straight line measurement is not apjatep which makes DNA a good can-
didate.
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Flatten Image

 This is the same image used in the
atten example. For details on

% . dna_air_piez ightTraceModd.
Range 1.08nm ¥ [¥] ColorBar

EHE

omset[onm |2 cortap| raysaso =]

< 5 [T HT [ AmT [ AmR [ PhT [ PhR | 25T [ 2SR | HtTm0
800

i
attening the image, see v an
1. Section 1.2.1.1 on page 14 E "
- For this experiment, the image should| 0
already be attened and it should " 200
appear as it does to the right. 00
U dna._air_piezo0005 50 HeightTraceMadd =EEE]
Fj;‘sii\;:inm | @colorBar
Apply Mask (7%1' HT [ AmT | AmR [ PhT | PhR | 28T [ zSR | HiTmo
» From the Mask tab on the Modify
panel, apply an appropriate mask that| e
2. covers the DNA completely, as shown

in the gure on the right.

 For details on applying a mask, see
1.24

nm

400

200

3. From the Particle Analysis tab on the Analyze panel (Fidui&g, click the Analyze Parti-
cles' button. A progress bar will appear (Figutel7h) and a blue overlay will appear on top

of the mask (Figurd..179.

1 Analyze Panel ===
| Roughness | Section | Histogram | Particle Analysis |
‘dna_air_piez00005 #0 HeightTraceMod0

Analyze Particles|  Ignore Particles Smaller Than 25.00nm*

Ignore Edge Particles

Avg. Surlace Height om |
PaticlesFound [0 |
Detailed Stats Particle Area % ofImage |0.00%

1 dna_ai_piezo0005 #0 HeightTraceMod0 =iEE
Range ColorBar B
ofset coloritap| Grays256 [+ %

< = HT | AmT | AmR | PhT | PhR | 2ST | ZSR | HtTm0
800

600
400

200
£ 400

200
200

400

Parlicle Numbers 1 Analyzing

Selection Color | [I[ ~ |

Analyzing Particles

200 400 600 800

nm

(a) Analyze Panel

(b) Progress Bar

(c) Blue Overlay

Figure 1.17.: Analyzing Particles
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1By dna_air_piezo0005 #0 Height TraceModd ===
Range 108nm |3 [¥] Color Bar Bo)
orset/onm oo rap255 -] -
< = [ HT [ AmT | AmR [ PRT [ PR [ 25T | z5R | HtTmo
800
Selection of Particles
pm
* When the analyzing of the particles 500 o
4. has reached completion, all of the
. . . 200
particles will be selected in a green £ a0
outline. i
-200
200
-400
0
0 200 400 600 800
D dna_air_piezo0005 #0 HeightTraceMod) = |
Range 1.08nm [¢ ] Color Bar Bo
T obriap Grays256 [~
= = ["HT [ AmT | AmR | PhT [ PhR | 2ST [ ZSR | HtTm0
Reset the Mask pm
5 » On the Mask panel, you can reset the a0
) mask to make it easier to see the . P
particles. i )
-200
-400
Range 1.08nm |3  [¥] Color Bar &0
ofsst 0nm cotsn| ray25s [ 7] .
Un-Select the Particles < = [ HT [ AmT | AmR | PAT | PhR [ zST | zSR | HoTm0 |
« Left click anywhere on the surface to
un-select all of the patrticles. -
400
6. » Then, move your cursor over to the
200
upper left strand of DNA. g
0
» When the cursor is over it, the particle o
will turn green.
-400
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Detailed View

 Right click on the particle and choose
“Detailed View of Particle'.

 This will open a detailed view of the
particle as shown in the gure to the
right.

T T T
h';\,'y Sacenin 500 550 500 850 00 750

nm

Start Skeleton
e Click the Start Skeleton' button.

» The particle will change to a lighter
orange, as shown in the gure to the
right.

650

* Click on the ends of the particle with
the mouse cursor; these two points
will be shown in blue.

600 |

Note The skeletonizing process works by
eroding the particle until it is a single line
thick. It is possible and often occurs where | =.E(¢ =
the resultant skeleton will have multiple | &% N
branches. The two points choose are (s [ o W e
considered safe and can never be eroded, SO
they preserve their respective branches,
while any other possible branches are
completely eroded away.

T
£

384
-
g

9. When you like the end points selected, click the green chegkdtton.

SYLUM

ESEARCH
an Oxford Instruments company SUpport.asylumreSearCh.COm Page 47



Ch. 1. Introductory Image Analysis

Sec. 1.3. The Analyze Pan el

Completed Skeleton

» Another progress bar will appear.
When it is nished you should see
something like the gure to the right.

* In our case we see the skeleton
consists of 4 segments: a light blue

bottom, and two tiny segments in the
10 middle (yellow and violet). This

a tiny hole in it which caused a loop.

* If you mouse over the different
segments they will highlight with

the mouse cursor. Clicking on the
segment will show it and other
clicked on segments combined

segment at top, a green segment at th| ggs...

535.81nm

T
500

happened because the maskitself hadote The software automatically calculates

the shortest path and displays it in white un-
derneath the segments. In this case it is a
combination of the blue violet, and green.

their individual distances displayed atlf you zoom in you will see the yellow

segment is longer than the violet and not
needed to make the shortest path. The com-
bine distance is shown as a tag. In this case

1.3.4.2. Particle Analysis Example 2: Finding Average Heig

distance in the upper right.

ht

we get 696.81nm long. Your results will
vary depending on the end points chosen.

In this example we will be nding the height of the raised f@@s (particles) of a SEB sample.
You can use the provided SEB image: . We will used the modi eijht layer which has already
been attened.

Create Mask

 To start, we rst must create a mask
to de ne the particles just like in
Section 1.3.4.1 on page 44

 In the gure on the right, the mask
was calculated as an iterative mask,
then eroded twice to make sure to
exclude the boundary portion.

Note Since we are only looking at the
height of the particles we do not have to
check the "Ignore Edge Particles”
checkbox. If we were interested in the
geometry of the particles we would want to
ignore the edge patrticles.

1A SEBS 0002 #0 HeightRetraceMod0 ol ==
Range 2400nm |5 [l ColorBar | Commands v B0l @ (a]
Offset 0 nm [ Auto | coortap| Grays2s6 [+ ] Jtl %

_ = & [HR [ AmR [ PR [ 2SR | HIRmO |

2. Click the "Analyze Particles' button. After it has nished, you may click th&keset Mask'
button on the mask panel to remove the mask from the image.eBuli, all of the found

an Oxford Instruments company
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particles will be selected with a green outline.

3. Click the ‘Detailed Stats' button. A new panel will come out with a list of attributes. €T'h
value displayed next to each attribute is always the aveoatfee selected particles. Since
we currently have all of the particles selected, we are logkit the average of them all.

) PA Stats Panel [=lE =]
|AlDatain Table| | SelectAl |
At ©
Find the Height of Raised Features
* We want to know the height of the
raised features, and have 3 different Maximum 2 25184 nm | ()
values tq use: | Centerz 23931 nm | )
— MaximumZ: The !argest height averagez 21242 | ()
found on the particle wealozsTm | ()
— CenterZ: The value of the exact anume.o_mépnﬁ B
center of the particle [ —
. . Perimeter 2.953 ym w
4 — Average Z: The helght.value i [T D55 B8
averaged over every pixel of the SO T
particle width|693.526 nm | [ [ed
» The rst two options are more e -
appropriate for spherical particles. [n | ©F Diameter|823.009 nm u Es
this case we will use the Average Z. Circularity 0.801148 7]
So at this point we have the Average || Rectangularity 0.721473 | W
of all the particles' Average Z. The Convexity|0.956462 | [uf
value is 21.242nm as shown in the Solidity 1.01231 W
gure to the right. Major Angle 87.854° | [
Aspect Ratio 0.694523 | [ [ed
Elongation|0.305477 | [ui]
Hull F'erimeter;_Z';B:Otl Hm ' W @
Distribution Plot
* If we click the second button to the s ]
right of the Average Z value we can
bring up a distribution plot. ! ;';
5. * Notice that over 90% of the particles % .':
are below 30nm with a few that are ~ |i= |
much higher. These high valuesare | »=| . ——0o " =
due either to impurities on the sample| o
or to the tip having trouble tracking.
SYLUM
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{8 SEBS_0002 20 HeightRetraceModd E=E=]
Range [175.83nmlsl [V Color Bar B0 W
omsstonm ooy o] (L (W
_ = = R [ AmR [ PhR [ Z5R | HRm0 | o
20
Change the Range
* If we look at the image with a large *
6. range, the particles we are interested St
in get grayed out but the offended £
areas remain white. !
-50
0
0 8 10 15 20
pm
5] PA Search Panel =@ =]
=] Maximum Z |14.616 nm | | Less Than <[ =] 140.000 nm
Remove Offending Particles Ll Center Z (14288 im. | | < 8etween <[] [106:493 nm|
. 1 Average Z(14.007 nm || tess Than <[] [30.000 nm |
» We could simply shift click on the 3 n Area 1480300 < oevween < [=] (38T
offending particles to remove them, " Volume HIHESOMRA <o < (=] [DFASHREIN
but doing it by hand i tal L Perimeter (1584839 nim | < setwen < [-] (5442 im
; ut doing It by hand Is not always &l Length [581065 nm | [ < Between <[] [3HBO W m
7. ideal. ol Width (19,356 nm | | < Between <[] 1778 im |
) . =] Max Distance [61.205 nm | | < Between <[] 31184 im
* Instead, from the Particle Analysis B CE Diameter [37.827 fim | < Between <[] (21240 jim
panel, click theFilter' button. A lter i Circularity [§:28089211] < etween <[ -] (61952704
- al Rectangularity [0.538611 | | < Between <[] [1.07
panel will appear. B Convexity [0:84396 | < setween <[] 1101 I
] Solidity (037811821 | < setween <[] [1:28545
B Major Angle (026325 | [< setween <[] [81:556° |
al Aspect Ratio [0.158372 | | < Between <[] [1.01
= Elongation [-2:28788e-1 < setween <[] [0:848429
{4 SEBS 0002 #0 HeightRetraceModd Er=]=]
i Range |24.00 nm | [¥] Color Bar Bo) ‘g] (4]
* Click the checkbox next to Average Z. | " = o crss] B W
e Change the Iter type tdess than <. = B [HR [ AmR | PhR | ZSR | HIRmo |
In the high value entetonm. B e L T,
 Click ‘Find Particles. The software om
will then select only those particles " i "
8. that have an Average Z of less than L s
40nm. s n
* The selected particles should look .
like the gure to the right, with the 3
offending particles not selected. ’“
’ 0 5 10 15 20
um
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Histogram of the Data

* Recheck the stats panel and see that

I PAZAverageHistSingleDisp (= =]r=]

the Average Z value has changed to £ snawagena Cunensees AT
Select ram | PAZAverageHstsingleDp | | 0 & ¢ €l GIDJL F“Sm:e f‘;“”‘“"a
20.170nm. s s~ @ o P
STD 12608 3

« Click on the button just to the right of | *
the Average Z to bring up a histogram| °
of the data. ‘

e Change the bin size and then apply a
t of the histogram data to can get a
Mean and Standard deviation value.

1.4. Miscellaneous Operations

Below are some useful operations for image processing.

1.4.1. Saving Modi cations to Images

Any image modi cation can be saved by going into tbemmands pull-down menu, and selecting
Save ImageSave as.,.or Save then Kill Image Save as will ask you to rename the le, then
to select the path you want to save the imageSave and Save then Kill will both save over the
original le, but Save then Kill will close the image after saving it.

You can also save multiple images from the list panel. Sétecimages from the Memory column
on the right, then click oSaveor Save asSave as will ask for a new location in which to save the
data.

1.4.2. Custom work on Image Channels
1.4.2.1. Extracting Layers

A copy of an image layer can be extracted into its own imagéatoimg just that layer. Math can
then be done on that layer, or the layer can be packaged iditodnal les.
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1. v10_collagen0000 #0 PhaseRetraceMod0 il =
& M= X
Rangs[1500° |8 [coiorBar [Commands ~[D @ (&
Omset 0.00° | [ Auto | coert Display Panel
= 3 Modify Panel
Select layer to extract: e L AT LAl pnalyze panel
5 ListPane :
« With the desired channel as the T [%
. . |
selected tab, click oExtract Layerin 4 | ShowNote L
Change User Names
1 the Commands pull-down menu. , | save Image =4
. ijive Then Kill Image s
 Optional: Ctrl+click on one of the 6  |§ b L -0 B
letter buttons to set it tBxtract Layer, . g2 --i
as described iSection 1.1.3.1 ‘ | lornoeress [l 6
Crop Image
on page 12 SetUp
0
0 1 2 3 4 5
Hm
"5 it anel (=il
Images on Disk @ Images in Memory (7]
Anneal00on -
BT2_Hair1002 M
DNADD23
DNADD24
falvoMothEye2
LayerData |
moth_eye0002 =
View the extracted layer: Lot
. MRCS5_0004
» Open the List Panel (See ms2000004
. PAbacteria0007 i
2. Section 1.1.2 on page.8 painto00s
paint0008
e To view this le, double click poleunns
pri200nmoooo 12
“LayerData'. SRR
Select All &8 Select All @
OpenFiles | [@ [ Openimages | @
LoadFiles | (@ @
[ Refeshist | @ [ Saehstooek | @
Change m@@ @ [ Rename Images | (2
Winduws?_x?orer @ | Kill Images @2
[ setup | 2

If you intend to extract several layers in succession, yostmename the
LayerData name manually between extractions. The LayerDatne gets
reused and overwritten with every extraction. To renameaper, select the
LayerData le, and choostRename Images' from the List Panel. There is an
advanced command line technique for extracting multipferds without
renaming, described below Bection 1.4.2.2 on page 52

Note

1.4.2.2. Subtracting Image Layers:

Subtracting image layers entails a pixel by pixel subtaactf one image layer from another. This
can be useful for comparing lateral trace and retrace data.

You can download the le for this example here:
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T LAter=iD00 0 LateraRetrace [==EE]
Extract the rstimage layer: Range [5700mv 4 (4] GolorBar )

. . . onsssroamy ¢ [Awe ] cowntes Grvss[x] o
* Inthe Display Window of the image . = oo
layer you wish to perform the T

subtraction on, select the lateral
retrace image, and then sel&stract
Layer from theCommands pull-down
1. menu.

8

110

100

pm

* The Images in memory column of the
List Panel will now have LayerData
as a choice.

90

80

70

Optional To see the image, select .
LayerData and click th&pen Images' 0 2 / 5 5
button.

» Back in the List Panel, select LayerData in the right colu@hck the 'Rename Images'
button. The New Name dialog will appear; enter any name tehrthe renaming process. In
this example, the new name is LatRetrace.

-OR-

2. * In the command line, rename that extracted layer to whaiguewant. For this example,
the command would be:

i L Ater 0000 20 LateraTiace e
Range [57.00 mv 3 ColorBar [ Commands ~| 30 &
Offset 11285mysl [ Auo | Cobrtiap| Grays2s6 |~ | % B

= = [wr 0| ur [LR.]

Extract the second image:
130

3 » Go to the lateral trace image, and
selectextract Layer from the
Commands pull-down menu.

120

pm

10

100

90
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* In the command line, subtract one channel from another:
4. -OR-
Th LAteral0000 20 LateraiTracchodd EEEE

Reinsert the result:

S. - Reinsert the layer (Segection 1.4.2.4 .
on page 5pinto the original image.

1.4.2.3. Rotating Images:

In some rare instances, an image must be rotated, typicailydoements of 90°.

Range | 37.00
Ofiset 22 00 mv

[¥] color Bar __Com nds ~
Cotrttan | Grays256 | |

4 6 TAR [ oR. [ Gr [LuRr.| LTmo |

8

1. Extract the desired layer (S&ction 1.4.2.1 on page b1

2. In the command line type:

where Degrees is the angle you want to rotate the image.
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ESEARCH

an Oxford Instruments company

support.asylumresearch.com

40

35

30

25

Page 54



Ch. 1. Introductory Image Analysis Sec. 1.4. Miscellaneous Operations

Figure 1.18.: Image Rotation and the command window.

1.4.2.4. Reinserting Layers:

Once an extracted image layer has had some changes appltedt wan be reinserted into the
original image.

1. Only the last extracted layer can be reinserted.

{1 Tmage03 20 HeightRetraceodd N
Range |72.00n Caolor Bar 5K
Fisns Display Panel [
omset[11.80 nm [ Auto | Colort M’Z‘;;: Sk &
Analyze Panel
= B HR | AmR | PhR List Panel

Extract Layer
Insert Layer
14 . 0% Delete Layer
: Show Note
Image Name -- Show
Change User Names nm
SaveImage

Open the Original Image:

» From any Image Display Window S T g w
himage
2 selectinsert Layer from the 0 e »
Commands pull-down menu. The £ ot &
Nanog\danter Tip Area Func 10

software will automatically send the
LayerData back to the original image.

Crop Image
Help
New Appearance
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The Insert Layer Dialog Box:
* The Insert Layer window will pop up.

* Either choose to overwrite the | —
original layer from which the layer | Bsert Layer 6iPhaseRetraceModt -JOES
3. was extracted, or to direct the data to ”7 0w WtoLyr_ (DO

@ ModLager: 1 | w |_Delete Lines |

a new modi ed layer tab. ‘ | ‘

- Notes can be added to the new layer
in the large text box.

* Click "Do It

1.4.3. Cropping Images:

Cropping images is relatively straightforward. This sectwill discuss basic image cropping by
eye rst, and precision cropping second.

1. Either copy the .ibw le in Windows or extract a layeBéction 1.4.2.1 on page blhefore

cropping an image; cropping will delete the excess datat sogenerally safe practice to
crop a copy of the data lest in order to protect raw data.

00024 #0 HeightTraceMod0 M= x
andh 760 nm [\:J_'!co!ofaar W}“@ Fﬂ % -
Zoom in on the Area of Interest: oretlonm_ie Lo cromss| Blus [ " @©
i . HIT_ | Aml_|_AmRE | _PhI | HITO
 Click+drag an area of interest. 0~k
 Right click and selectExpand' or :
*Square Expand' from the popup e &
menu. Expand &

£ 20 Haoriz Expand _§ B
2. * You can thenAlt+drag to pan the sl "
Shrink
VieW. }  Horiz Shrink — -2

10 Vert Shrink

ZoomZoom
Nice ZoomZoom

data, not real time imaging. P ' o e e 1 40

. . Scale
Notice The scales do not have their origin e \—
at 7ero Fix All Scales

Note Square expand only works for of ine
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26
Crop and Save: 24
» Go to the Image Windowommands
pull-down and seleatrop Image. 20
» Optional: Go to the Image Window
3. Commands pull-down and selecave 20
or Save As.

Notice The scales have their origin at zero 4g
after the cropping. The image here was
taken just prior to cropping.

Precision Cropping

There is a way to crop more precisely:

1. Double click on the number labels of an axis of the image, ®cé&Sraph . Modify Axis
from the menu bar. This opens the Modify Axis Panel.

2. Manually enter the cropping area under the Axis Range tabe Mat it is necessary to enter
values in meters, so 1e-6 represents 1 um.

3. Go to the Image Windowommands pull-down and seleatrop Image.

4. Optional: Go to the Image Windo@ommands pull-down and selecsave Image.

1.4.4. Igor Layouts

Many graphs have a useful item referring to exporting or agpe data to a layousection 1.1.3
on page 9

« Any data you have worked on in the of ine analysis can be ptd bne of these layouts by
clicking the Layout' button.

* To save the layout, go teile . Save Graphics. In the dialog box you can determine the
name, path and le type of the layout.

e Use the Igor tool box Ctrl' + "T'; upper left corner) to add text or shapes to the layout.
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|~

BT BuEas E

Imngrghbods 1
Duin: Trursduy, 78, 2907
Tme: 3242094
I-agutots:

[Save Graphics File (]
| - Size: |
| Set by window.
| e
I £l g
[¥] Calor it
Saanl e’ 258
Gt Pl i 2 50t
Tiw. 2H29PM
Filo: -
Name: TheARLayout.emf Path: |_Use Dialog.. ]
] Force Overwrite
Path:
| SawPCTE=2 | ‘
Dokt | [__ToCmdtine | [ ToCip | [ame] [ caom | cmorer | m oo wesmicce € | s |
(a) Saving the layout as Graphics le (b) Igor Layout Example

Figure 1.19.: Igor Layouts
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2. Force Curve Analysis

CHAPTERREV. 1508,DATED 08/14/2013, 22:18. BERGUIDE REV. 1560,DATED 08/25/2013, 16:40.

Chapter Contents

2.1 Opening Stored Force PIots . . . . . . . . . . . e e e 60
2.2 Displaytab . . . . . . e e e e e e e 61
221 Loadingand Deleting . . . . . . . . . . . e 61

2.2.2 Adjusting the Display . . . . . . . . . . e e e e 62

2.2.3 Navigatingthe Data . . . . . . . . . . . . . . o i e e 64

23  Preftab . . . . 66
24 Parmtab . . . ... e e e e e 69
25 Cursortab . . . .o e e 71
26 Modifytab . . . . . . e e e e e e e 73
2.6.1 Modications . . . . . ... e e e e e e e 73

2.6.2 Undo, Restoreand Save . . . . . . . . . . . .o 74

27  WLCTab . . . . o e e e e 75
271 Force WLC Models . . . . . . . . . . e 76

2.7.2 Getting Started . . . . . .. . e e e 77

28 Analyzetab . . . . . . L e e e e e e e 78
2.8.1 Single ForcePlotTab . . . . . . . . . . . . . .. o 78

2.8.2 Entire ForceMapTab . . . . . . . . . . . . e 80

2.8.3 Examples . . . . . . e e e e e e e 82

29 SpotTab . . . . e e e e e e 83
210 Elastictab. . . . . . . . e e e e 84
2.10.0.1 Elastic TabHertzExample . . . . . . . . ... ... ..... 86

2.10.0.2 Elastic TabJKRExample . . . . . . . . . . ... ... .... 92

This Section discusses how to perform basic force analysistared force (.ibw) and force map
(-ardf) les. Keep in mind, there are not necessarily hard &ast rules / sequences regarding
data processing; it depends on the data, and can be a tri@reordprocess. For this reason, the
processing techniques are broken into sections, and scanepdes given.
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2.1. Opening Stored Force Plots

Mode Master e | g

Prepare the software

* Launch the AR software and you will
see the mode master window.

1. * OR, click the Mode Master button at
the bottom of the screel®

¢ Click on the'Standard... tile.
e ThenOfine Force .

Open the Force Review directly:

2. « Alternatively, you can open the force review panel fromitienu bar; seledtFM Analysis
. Master Force Panel

Select a directory of Force plots:

* If there is no force data already loaded.... S
. . . | AR Load Path =] = s
in the experiment, the force review
will ask you where you would like to ( Recent aths ~ | ( Defautc Paths ~ |

Ioad da.ta. from When |t iS Opened Path: | M:AFM_Data:@TestDataSets:fullfive:

|  Browse | | Thatsit | | Cancel |

» For a new directory, hit the Load
button (bottom left corner of panel)
and select the directory.

Select a force plot to open:
4, » Select a force plot from the list near the middle of the parselction 2 ir2.1
» Make use of the various data display options outline8eation 2.2.2 on page 6R2desired.
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2.2. Display tab

=@ =)
Display | Pref I Parm ] Cursor ] Mofify | WLC | Analyze \ Spot | Elastic
Number of Axes ZE m 2
Axis 1 [ axis 2 Z
™ Den ] [ Den
O rForce |2 |O Force E
O pefiv O pefiv
=} =}
a a
a a
=} - 18 .
SelectNone | | Select None ?
Axis ZSner] 2
| show Sections: Show Notes
M Ext ~| | Mmake Graph £)
M Ret & Movie
4 ) «| Suffix 0005 ¢ 1
. @ 3
= K3 3 5 3 Rand = ?
[Force Plois: 1024 Lisied, 1 Loaded | - Collapse List
I t = a 2
Line0000Point0000
Line0000Point0001
Line0000PoINt0002
Line0000P0Int0003
Line0000Point0004
Line0000P0Int0005
Line0000Point0008
Line0000Point0007
Line0000Point0008
Line0000Point0009
Line0000BAInI0010 -
| Displayed Plots: 1
Line0000PoINt000S ]
Load Delete All | sgieciaDelete.. Load Listed Curves 3
ﬁ Delete Displayed
Setup U 2

Figure 2.1.: Box 1: Adjusting the Display Box 2: Navigating the Data Box 3: Load and Delete

2.2.1. Loading and Deleting

Loading

* When the force review panel is rst opened, it will ask whe want to load data from.
You can re-open this dialog with the folder icon in the lowedt torner of the panel.

* You can also double click a force plot from windows (opeTgtsystem) and have it come up
in the force review, these force plots will be stored looséhim "memory" folder. You can
also double click force plots from the of ine image browseyin, which will load the force
plots into this force review software.

e The list in the middle of the panel are the available foraatqlsorted by folder, selecting
one or more (hold down shift for contiguous section, or Girlrhultiple non-contiguous).

e There is a distinction between listed in the software andally loaded. Loading all of the
force plots at once can present many problems with computenary, so there is a title that
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speci es how many are loaded and how many are simply listedceQ/ou need the data
(generally for display), it loads the force plot, and it rensain memory until removed. You
can load all of the listed force curves into the experimernhwhe load listed curves button.

— This is dangerous with large data sets on older computeiis cas most likely result
in running out of memory errors.

Load Delete All | ceectapelete. | [LoadListed Curves |
A | el | Delete Displayed |

| lMake Force Display Panel |

Figure 2.2.: Load and Delete

Deleting

 Deleting refers to removing the force plots from the Igopesiment; it never deletes ibw
les from the hard drive. Force plots can be saved 2 waysctlirgo memory, and / or to
the hard drive as ibw les (or ARDF force maps).

» The default is to save force plots to both disk and memony,farce maps only as ARDF to
disk.

— If you change the default, so that you only save to memorytlagd click on the delete
all button, that is deleting your only copy of the data.

* You can also delete subsets of the listed data, with thets&ldelete button and the delete
displayed buttons. Select & delete will present you withaal) to delete some of the force
plots. The delete displayed button will remove the cursedisplayed force plots.

2.2.2. Adjusting the Display

Y Data The controls at the top of the panel are for selecting whatasve on the Y axes of the
graph. When you select a force plot for display, the texticofdhe channels are changed:

* Black = all of the selected force curves have the channel.
¢ Blue = some of the selected force curves have the channel.
e Grey = none of the selected force curves have the channel.

All of the selected channels from a given axis can be removiddthe Select Nonebutton at the
bottom of each list. You can display additional channels mnaxis, but it generally works better
to give each channel their own axis. You can show up to 5 ax@stive control at the very top of
the Force display panel.
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Mumberof Axes 2| =

Ll
L
L]
|
L]
4 E]
m
Ll
L
L]
|
L]
4 E]
i

Select Mone Select Mone

Figure 2.3.: Y Axis

X Data All of the Y data channels are plotted against one common & daannel, which is set
with the X axis popup. Typical X data types are:

e Zsnsr, heavily ltered Z sensor.

¢ Raw, minimally ltered Z sensor.

e Time, starting from the begining of the force plot.

e Sep, Tip-sample separation calculated from Z Sensor awedtom.

« Ind, Tip-sample indentation, calculated from Z sensor @méction.

Note Both Sep and Ind require that invols is correctly calibrated

A AXIS | ZSnsr| -
|Show Sections: | Show Notes |
M Ext ~] | Make Graph |
b Ret |E | Movie |
E L <| suffix ooos [z
| SelectAll | lndex | 0005 |2

Figure 2.4.: X Axis
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Section The force plot is broken into various sections:
< Extend (Ext), where the tip is approaching the surface.
* Retract (Ret), where the tip is withdrawing from the suefac
* Dwell towards (Towd) the surface.
« Dwell Away (Away) from the surface.

You can control which sections are shown in the middle lethefdisplay panel.

Advanced There are more advanced, lesser used display options oretise@b. Se&ection 2.3
on page 66

2.2.3. Navigating the Data

= L L L L4 Rand]|
Force Plots: 1024 Listed, 1 Loaded - Collapse List |

= Poly100 -
Line0000Point0000
Line0000Point0001
Line0000Point0002
Line0000Point0003
Line0000Point0004

LineQ000Point0005

LineQ0000Point0 006
LineQ000Point0007
LineQ000Point0008
LineQ000Point0005
| ine(000Pnint0010

Displayed Plots: 1

Line0000Point0005 P

Figure 2.5.: Navigating the Data

Viewing Force Plots

» Use the list to directly select which force plots you wansée. It is often useful to collapse
the list when switching between folders (force maps). Qtigkon the expand button will
change to the collapse button, and then clicking on the padiebutton will collapse all
folders. Clicking on the + sign to the left of the folder wiltgand / collapse a single folder.

« Use the ribbon of buttons to adjust the list, jumping to tle&tror previous force plot in the
list, adding or subtracting from the number of displayecdéoplots (+ - buttons).

* You can also use the keyboard:
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Right or down arrows will move to the next force plot.

Left or up arrows will move to the previous force plot.

Page up / page down will move up or down in the list by largep siees (12 on most
computers).

Home and End will move to the rst or last force plot in the list
— + or - will add or subtract one of the force plots to the graph.

— These can be done from any tab of the force review panel, ar fre force review
graph.

# | FP Movie Player | — || 5 |[Z5]

FrameRate 1 E

‘ Clear Marked |

| Invert Selection |

| Move Selected |

| Delete Selected |
[7] Create Movie File

4]k

# Frames | inf

Figure 2.6.: Use the movie button to bring up this small panel to play through the force plots in a slide
show. Most of this panel is explained with the in software tool tips (ctrl + 1 to toggle tool tips on or off).

Movie Player
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2.3. Pref tab

aj == =]
[ Display | Pref | Parm | Cursor | Modify | WLC | Analyze | Spot | Elastic |
Global m
@ Use Macro @
@) User Function | MyUserur @
) Use None @
Line Style
) Use Macro 2]
(7) SetLineStyle Order DataType | Defl B @
(@ Auto Switch order / Solid LineStyle 75 @
71 User Function @
elect Func ~ 2
Line Color
() Use Macro @
) Use ColarTable Update Color Table | @
() Color By Section @
@ Auto Table / Section Color @
@ UserFunclion | &R=atForceCoinrFuns =
Select Func ~ [
X Axis
) Use Macro @
() Keep Surface to the Right =
@ Keep Surface to the Left @
Miscellaneous
[7] Auto Stack Force Axes &
[¥] Auto Make Force Graph @
[ Auto Rec Force Macro =
| Update Macro | | EditMacro | | ResetMacro [
[ Make Force Pref Panel | @
| setup | k]

Figure 2.7.: Pref Panel

General

e This panel is for advanced formatting of the force revieagdr. If you are familiar with Igor,
you know there there is very large set of display propertias you can set - line width, line
style, Markers, etc, etc, etc.

e This panel has a system of determining what user actiors lbesn done to the force review
graph, and recording those actions to apply again. Thislpefezs to that as the macro.
— Note that macro has many other meanings in different cantext

e The top of this panel turns on or off the Macro, the bottomhaf panel updates the macro,
and can open up the macro in a table for direct editing.
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 This falls into the grey area of pseudo coding, where treemough exibility to really mess
things up. The Reset Macro button will put the Macro back edafault state, and is a good
safety measure, because the changes you make to the madoe ailtomatically saved to
disk and reloaded the next time you start Igor.

Line Style

* The default line style is to display the force plots withiddines when only a single data
type is on a given axis, but to switch to data type speci ¢ kiyde when multiple data types
are on the same axis.

e You can set this to be always solid or always set by data tgpeo call a user speci ed
function to set the line style.

e The data type speci c line styles are also set here.

Line Style

") Use Macro

) Set LineStyle Order DataType Defl |E|

@ Auto Switch order / Solid LineStyle B2

(71 User Function

Figure 2.8.: Line Style

Line Color

» The default line color is to display each section (Extenefr&ct, Dwell) as a different color
when there is only one force plot on the graph.

* When there are multiple force plots it automatically giesh force plot a different color
from a color table lookup. The color table can wrap aroundif emough force plots are
shown, it will reuse the same colors.

 You can set this to be always color table or color by sectiot call a user speci ed function
to set the line color.

« If you have multiple force plots on the graph, you can doudbiek on the trace, and then
change it's color. Then on the force graph, there is a sptibbui labeled review graph.

— Click on the drop down list to the right of that and there widl Bn option to Update
Color Table. This will look at the graph, and see what has ghdnand then update the
color table so that the next time you build a graph, it will yseir color. You should
also see the lower list on the force display panel update yatht new color.

— There is also an update color table button on the prefs tab.
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Line Color
7 Use Macro

") Use ColorTable | Update Color Table
(") Color By Section

i@ Auto Table / Section Color

) User Function

Select Func

Figure 2.9.: Line Color

X Orientation

« If this is set to “Keep surface to the left”, then most datpety will have the surface on the
left

« If this is set to "Keep surface to the right", then most dgtses will have the surface on the
right.

 Indentation is the opposite of other data types (surfadio@ion the right, when set to keep
on left).

e Time is increasing when the surface is set to the left.

X Axis
) Use Macro

() Keep Surface to the Right
@ Keep Surface to the Left

Figure 2.10.: X Orientation

Miscellaneous

e Auto Stack Y axes is on by default, which means the Y axesheilplaced so they do not
overlap. When this is turned off, then all the Y axes will beapping on top of each other.

e The Macro controls are discussed at the beginning of tligose
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Miscellaneous
Auto Stack Force Axes

Auto Make Force Graph
| Auto Rec Force Macro

| Update Macro | | Edit Macro | | Reset Macro

Figure 2.11.: Miscellaneous

2.4. Parm tab

This panel list the parameters associated with each foate gdme parameters are editable and
when changed, will update the data. Most parameters ardysiriggvable.
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# | Master Force Panel F=Eicl==

al

E‘Lh‘leﬂﬂﬂﬂPuintﬂﬂ-DS IiLineEIE}D-EIPninﬂ]EHM Line0000Point0005 ;Lineﬂﬂﬂ-ﬂPuintﬂl}Dﬁ _ILineEl-U&DPDintﬂU&?

i_DispJay I Pref | Parm | Cursor | Modify | WLC | Analyze | Spot | Elastic |

Editable Parameters

Invols (12082 nma/ [ [12082nmiv [ [12082nmiv [ [12082nmiv|E (12082 nmiv [

SpringConstant [1.00nNinm 3 [1.00nMmm ¢ [100nMmm |8 [100nnmm 8 1.00 niinm 3
Amplnvols (14150 nm |5 (14150 nmav (8 [14150 nmav e (14150 nmwv |3 (14150 nmiv 3
Amp2invols [zo.0oonmv 3 [2000nmyv 3 [2000nmiv 3 [2000nmv |8 2000 nma [
ForceNote ' |
Locks [NaN | [Man | [Nan Y | nan
TipSerialNumber

LateralGain [1.00 va/ |2 100w | [1ooww  Jd [1oovw |8 [1ooww 4
LateralUnit |y | [v [v v | v
UserCalcForce |
UserCalcBForce

UserGains. Usering- lz‘

Gain [ 1w B [ B 1w B 1w e [1ww 2]

Units. [v | v | v | [v | [V

Name

|FB: Linc0D00PoINt0003 ;Parm: Springcon| SetAll | [ SetSelected |
Search | | [ Copy |
Line0000Poin| Line0000Poin| Line0000Poin| Line0000Poin| Line0000Pain |

ARDFForceMap 1 1 1 1 1 =
NumOfSegments 3 3 3 3 3 =
Direction Nan,1-1,0, Nan,1-1,0, Nan,1-1,0, Nan,1,-1,0, MNan,1,-1,0,
VerDate 120419 120419 120419 120419 120419
Version 1204198 1204198 1204198 1204198 1204198
XOPVersion 201213145 201213145 201213145 201213145 201213145
OSVersion Professional & Professional & Professional & Professional & Professional
lgorFileVersion 6222 6222 6222 6222 6222
XLVDT -0.30227 -0.28045 -0.25862 -0.2368 021497
YLVDT -1.4867 -1.4867 -1.4867 -1.4867 -1.4867
ARDolVCurve 0 0 0 0 0
Forcelote
TipSernialNumber
MostNegZvoltage -10 -10 -10 =10 -10
MostPosZVoltage 150 150 150 150 150
Extend/ 10837e-05 1.0837e05 10837e05 10837e05 1.0837e05
Retract? -1.2248e-07 -72248e-07 -7224Be-07 -7.2248e 07 -72248e-07
StartDist 3.006e-06 3.006e-06 3.006e-06 3.006e-06 3.006e-06
ForceDist 1e-06 1e-06 1e-06 1e-06 1e-06 =

| setup |

Figure 2.12.: Parm Tab

Editable Parameters
» The top half of the panel is dealing with parameters thatlmohanged, mostly calibration
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values, such as spring constant and invols, or scalingriaédo user channels. Only the rst
5 displayed force plots have their parameters shown.

¢ Once you have made a parameter change you can then appbhémege to:
— The selected force plots with thget Selected' button

-OR-
 All of the force plots listed in the display panel with th&et All' button.

— Note: This is very memory intensive, as it tries to load altlué force plots in order
to apply the modi cation. Old computers typically can notatlevith 1000's of force
plots.

Parameter Search

e The bottom half of the panel is reporting the rest of the peaters. It works well if you can
guess part of the name of the parameter you are interestgastrtype it into theSearch
eld, and the resulting list will be reduced to those that atethe search string.

» The copy button will take the resulting list of matches (w& selected lines) and putitin the
clipboard. You can still use the keyboard shortcuts whes plainel is topmost (left / right
arrows go to the previous / next force plot). Only the rst Splayed force plots have their
parameters shown.

2.5. Cursor tab

7| Master Force Panel [=] = |

| Display | Pref | Parm Cursor | Maodify | WLC | Analyze | Spot | Elastic |

I Limit to Sections: G]
[ Ext -
[ Ret
(|

O owell Away

Limit Locks to Trace: | Al |E|

[ Clear Locks From Trace: ']

HighLight Locks From Trace: Mone |E|

| Make Force Cursor Panel |

(ER S R R O RS

Figure 2.13.: Cursor Tab

This panel is primarily for marking regions of interest (RPfor the Worm Like Chain (WLC) tab
2.7.

You can set the ROI at any time on tRerce review graph
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* To set a new point: Shift + Left click on the trace at a new point.

« To select an existing point:Shift + Left click on an existing point.

» To deselect an existing point:Shift + Left click on the selected point.

» To change the selected pointDrag the A cursor after selecting the point of interest.
< To remove a point: Ctrl + Left click on an existing point.

The cursor tab modi es the behavior of how the above Forcéevegraph shortcuts work, as
described below.

Limiting ~ You can limit where you put new markers by segment and by fptoe This can be
useful if the data is overlapping and you want to make surepudithe markers on one specic
trace.

 To limit by section, use the list box, the checked segmemtsiee segments where the mark-
ers are allowed. Turning off a section will also remove anykais in that segment.

 To limit by trace (only useful if you are plotting multiplefce curves).

Clearing  You can clear markers from traces by:
» The clear locks from trace popup menu, and select the tragevant to remove from.
e Turning off sections, the markers will be removed from tkeleded sections.

« Ctrl + Clicking on the markers you want removed.

[ Clear Locks From Trace: ']

HighLight Locks From Trace: | Hone |E|

| Make Force Cursor Panel |

Figure 2.14.: Clearing and Highlighting

Highlighting ~ You can make the markers on one of the traces larger with tiidiint locks from
trace control.

Editing

« You can modify a marker by shift clicking on it (you may needzbom in if there is another
marker near the one of interest). You should see a circlengrthe marker, you can then
drag that to another location, or use the arrow keys (lefigiity to move the position of the
marker.

e For more advanced editing, the locks eld in the editablenmacan be used to update the
markers. Se&ection 2.4 on page 69
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2.6. Modify tab

Figure 2.15.: Box 1: Modify Box 2: Undo/Redo Options Box 3: Save Options

2.6.1. Modi cations

Offsets and lines can be removed from the data. These amesatiork on the currently displayed
force curves or all of the force plots listed. Operating drired force plots listed can be extremely
memory intensive, it will need to load the force curves intemory, do the modi cation and keep
the data in memory. Older machine running Win XP can not deéidl very large data sets. Itis

better to break the data into smaller data sets, (move giiotgpsub folders in windows), or only

modify the data as needed.

Automatic Offsets

* These operations are in terms of X and Y axes, whatever tige faot is displayed as. The
offsets nd the zero point in the Retract or the extend datsédl on the state of the radio
buttons to the left). see also: Offset algorithm below.

Manual Offsets

* You can right click on the force review graph, and select XgrYXY offsets. The position
where you click will be put to zero for the axes selected.

Line
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e You can subtract a line from the data as well, just pressidirfor info) when the graph is
topmost and drag the A (circle) and B (square) cursors to eléhe region you want to tto
aline. The line is extrapolated over the entire force cuavel the line subtracted.

Offset Algorithm

* The Yoffset will take the average of the last 10 points fdraet data, or the average of the
rst 10 points for extend data as the zero point. If your fopbet was taken using the indenter
panel (or indentation master panel), then the offset isntasethe min of the dwell towards
the surface.

* The Raw (X) offset will use the function GetContactSlopend the rough estimate of the
surface contact point. It does this by tting the slope of tfeection vs ZSnsr in small
(=7 points) chunks until the slope is > 0 (see function Finfelndex). It then ts the
de ection from 20% force to the contact point, and extrapedethat line to where it intersects
the zero force.

— If you do not have de ection data, then this function will mabdify to the data.

Note This is the simple algorithm, the elastic panel has a muclenmwolved iterative method of
nding the contact point better. Se&ection 2.10 on page 84

2.6.2. Undo, Restore and Save

These operations all work on:
e The last modi ed force plot
« A selected subset of the force plot
 All of the force plots listed
Save FMap will work on:
¢ A single selected force map
« All of the force maps listed

Typically operating on all force plots listed is memory ime/e, but theSave
Attention As All operation will remove force plots that it loaded as it goesthe total
amount of memory used for this operation should be minimal.

Undo
e These buttons will toggle between undo and redo. They utidd the last TYPE of change.

» For example, you change the InVOLS on a force plot 20 timdisking undo last, will undo
all the InVOLS changes and revert the force plot to it staferdeeany INVOLS changes have
been made.

Figure 2.16.
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Restore

* These buttons will restore the speci ed force plots toith@iriginal” state, which is typically
the hard drive state. For force plots only saved to memoeygtis an extra copy of the data
before modi cations were done to the data that is used.

Figure 2.17.

Save

» Save andSave As will save IBW les. If the source is an ARDF, it will convert tthe old
loose style of ibw les. Be careful with this since you may emgl with a large number of
les, making things slow; it can however be useful for exjnogtthe data into other packages.

* Save As Will ask you once for the root folder you want to save to. Yourat rename les,
as it is possible to save many many les with this operation.

* Save FMap will save ARDF les, which are packages of force plots. If thelected force
map is really from ibw les, it will still save as an ARDF, soithis a good way to convert
old style force maps to newer ARDFs.

— The Save FMap only works on a single selected force map, or all of the for@sn
listed in memory.

Figure 2.18.

2.7. WLC Tab

This panel is used to t polymer stretching events to the Waike Chain (WLC) model.
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Figure 2.19.: WLC Tab

2.7.1. Force WLC Models

The Multi Chain checkbox switches between the Single Chatnt{ple attachments) and the Mul-
tiple chains (single attachments) models.

The difference between these 2 extremes is in how the singt@vents (Hitches) are added to-
gether:

e Single Chain, then it adds the WLC response only in the eagion.
— Applicable if each response is NOT in uenced by the othegtstres.
e Multi Chain, then it adds the WLC response to the entireclre
— Applicable where the observed response is the sum of theidugil responses.

The difference between these 2 cases can be made more dppat@ming on the “Show Individ-
ual Stretches” checkbox.

If the single pers checkbox is selected then all the stretchesponses are t to one persistence
length. If you believe that all the stretching events arenftbe same type of polymer (in particular
the single chain extreme), then selecting this will forceher@sponse to have the same persistence
length.
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2.7.2. Getting Started

How to t force plots with the WLC model:

1.
2.

7.
8.

9.

Find the force plot you want to t.

Plot it as Force Vs. Sep (Sep is short for tip - sample semaratiThe X axis is controlled
with the Force X axis popup menu beneath the Y axis data tgpeol the Display tab.

. You need to de ne where 0,0 is. To set the offsets you can eiight click on the graph to

offset X and Y, so that the force is zeroed, and the tip hitsstivéace at zero separation, or
go to the Mod tab, and click oy offset' and Raw (X) offset".

. Goto the cursor tab, select that you only want cursors ongRetr{ for retract) Force Cursor

Sections.

. Shift + left click on the graph to de ne the stretching regsorYou want to de ne the error

region of the tting function, so pick one point where the ywler ruptures its attachment
to the tip, and pick the other point at the lowest extensiothasdata looks like it will be
t. You can t multiple stretching events in a single forceqtl If you want to do that, pick
two "locks" (cursors) to de ne each stretching event (thitvsare calls polymer stretching
events hitches).

. Open the WLC tab. Make sure that the initial state of the patars is close to the data;

the tting function often throws up its hands in despair iéthitial guess is too far from the
data.

a) ThePersis the persistence length; it is basically a measure of thgrer's stiffness.
Lower persistence lengths have much more non-linear regson

b) The extension ratio is the fraction of the contour length that the polymer chain
extended. The t parameter is the extension ratio where thgnper chain ruptures its
attachment to the tip (max extension ratio). So you can getémtour length of the
chain from the rupture length divided by the max extensidiora

Once you have your t parameters fairly close to the data, gamni then clickFit'.

If you have multiple hitches in a force plot that you want totlien there are two questions
you have to answer.

a) Is the observed response due to one chain with domain®s;loer is each hitch the
result of stretching a separate chain? If you think you hag@gle chain, then you
want to unseleckulti Chain (upper left corner) Force WLC Models. If you think that
each hitch is from a separate chain, then seledi Chain.

b) Do you think that each hitch should have the same persistemgth? Generally this
is the case, but is not required by the tting function. If yaant to t each hitch to
a single persistence length, then selgiatjle Pers; if you want each hitch to have its
own persistence length parameter, then uns&liegte Pers.

You can also hold and constrain each of the t parametersguiie hold and constrain
checkboxes.

a) Hold means that the tting function will hold that parameter ctamg and not t it.
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b) Constrain means that it will keep the t parameter between the upperlawer limits
(the limit controls show up after you constrain one of theapagters. The constrain
option does not always work well, often when the t fails, itibvun the parameter into
the limit.

10. Once you like the t, you can show the individual responsesligsking on the'Show Indi-
vidual Stretches' checkbox. Then you can label the contour length of each nsspwith the
*Tag Stretches' checkbox.

11. You can also tweak your t with the Max Iterations and Fit Ti@ace. You can specify the
temperature at which the stretching was done with the teatyoer control.

2.8. Analyze tab

2.8.1. Single Force Plot Tab

This tab runs various analysis (built in or user) on collasi of force plots or force maps to create
histograms, plots and images of calculated parameterstfierforce data.

Figure 2.20.: Single Force Plot Tab

Histogram  This check box creates a histogram of calculated valuesh®asingle force tab, you
can set which force plots will be used to generate the hiatagn the upper left corner. Either all
of the force plots listed (this can be memory intensive), selacted subset of the data. The various
parameters that can be calculated are:

¢ Adhesion
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— Simple minimum of the force curve, appropriate for cleanesmilre ruptures with no
polymer tethers.

* DC Invols

— Calculates the slope of de ection vs Zsensor in the contagion, can use extend or
retract data.

¢ AC Invols

— Calculates the slope of Amplitude vs Zsensor in the contegibn, can use extend or
retract data.

¢ |ndentation

— This takes the difference in the indentation at two markedtpan the force plot. You
need to mark the start and end points of the indentation Wwélctursor panel controls.

* Pers

e Contour Length

» Extension Ratio

¢ Rupture Length

* Rupture Force

e Young's Modulus E1

* OliverPharrFit

* OliverPharrStiffness
 OliverPharrReducedDepth

¢ OliverPharrArea

— These are all report values that were calculated from othlethods (WLC or elastic
tab). When these calculates are done, they store values wetVe notes, the histogram
or scatter plots are simply reporting those stored values.

Scatter Plots

¢ You can create scatter plots of a calculate value vs anptrameter. This calculation shares
most of its controls with the histogram, the force plot sttet, the calculation type are the
same as the histogram.

e The X axis of the scatter plot is set by the X parm popup, justen the calculate popup.
These are generally parameters that are extracted fronotbe plot note, for example you
can plot the adhesion vs. seconds to see how the adhesiogechaver time.
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Force Average

« This takes the currently displayed force plots, and putstion a second graph, which will
be averaged along the X axis. It divides the X axis into eveplced bins and averages the
Y data that falls into each bin.

 You can adjust the number of bins from a slider on the graph.

« It is critical for each of the force plots to be overlappindgpem you do this, if there is an
offset in the de ection from one force plot to the next, théattis what the averaging will be
showing you.

PFM Hysteresis Loops

e PFM Force plots that were taken in the DART spectroscopyrotan(driving the DC tip bias
with a triangle square wave while driving the AC tip bias wétlsine wave) can be further
analyzed with this button.

« |t converts the raw data in the currently displayed fora# fo a hysteresis plot of the average
of the data while the bias is off, plotted vs the DC bias of trevjpus step pulse.

< More detail on this can be found in ARApplicationsGuidehie PFM chapter.

2.8.2. Entire Force Map Tab

Figure 2.21.: Entire Force Map Tab. Box 1: Input and Calculation Box 2: Optional Advanced Controls
Box 3: Starts the Calculation

On this tab there are controls that will create images frorofanap data. Select the Input and the
force map you want to use to calculate the image. Select tiaifun. Below are descriptions for
each of the functions:
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FMapCalcAdhesion Calculates the adhesion by returning the difference of th@nmum of the
data and the average of the last 10 points.

FMapCalcJKR2Point Calculates Young's modulus of the sample using the 2 poiR diethod
Sun Y. et. al. Langmuir 2004, 20, 5837-5845. The First eldméthe Parm Wave is the radius
of the spherical apex of the paraboloid tip, in meters. Thwisé (optional) element of the parm
wave is the Poisson Ratio of the sample [Default = 0, mearhiagthe result will be in Reduced
elastic modulus, not sample modulus].

FMapCalcHeight Calculates the height by returning the negative max of tha. da
FMapCalcMax This function simply returns the max value of the input clelnn
FMapCalcMin This function simply returns the min value of the input chelnn

FMapCalcXMaxLoc This function returns the value of the Data where the DataByfs maxi-
mum. EX: Data is de ection and DataTypeB is ZSnsr, then it idaeturn the trigger point of the
de ection.

FMapCalcXMinLoc This function returns the value of the Data where the DataByig minimum.
EX: Data is ZSnsr and DataTypeB is de ection, segment is ety it would return the Z position
of the adhesive rupture.

FMapTransitonMap Heavily Iters the data, then returns the value of Data whbeederivative of
DataB is at a minimum.

FMapCalcPFM(On/Off) These functions extract the Hysteresis loops of the PFM uneasents.
The On version takes the data during the On cycles of theglgasgquare wave, the Off version
takes the data when the DC bias on the tip is zero. These @unscéire specialized in that they build
four layers: Coercive Imprint Negative Positive Bias ismig is the loading cycle; Bias is Falling
is the unloading cycle. Positive (Vp) is the bias at whichitigut channel is at a minimum during
the Loading cycle. The negative (Vn) is the bias where thatighannel is a minimum during the
unloading cycle. The Coercive is (abs(Vn)+abs(Vp))/2 limipis (abs(Vp)-abs(Vn))/2.

FMapCalclnvols  This function calculates the inverse slope of the contagibre between 10 and
90% of the Max force for that segment.

FMapWork Integrates DataType vs DataTypeB. The default section is,Ab that it is returning
the difference between the trace and retrace segments.

FMapContactWork Integrates DataType vs DataType B. Finds where DataTypeBris, and in-
tegrates the positive values of DataType vs DataTypeB frera to the trigger point.

FMapCalcPlasticity Uses FMapContactWork to calculate the work for the exterid dad retract
data. Returns the ratio: (AreaExt-AreaRet)/AreaExt.

» These functions live in XCalculated.ipf. You can add yownofunctions to UserCalcu-
lated.ipf. XCalculated.ipf will be overwritten by the imdier the next time you update your
software. UserCalculated will not.

 For the most part, when using existing functions, you doa#d to worry about Data, DataB,
Section and Edit Parms, those are for doing custom calonktiselecting the function will
set the dataType, dataTypeB, and section to the defaudt. stethe auto name and output
controls set where the image is going once it is calculatéd/ou point it to an existing
image with a different number of points and lines, the catad image will be interpolated
to tin the existing image. This way you can calculate imadiesn force maps, and put
them into typical AFM images.
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e The Do It button will start the calculation. The force map calculatigill unload any force
plots that it loaded to do the calculation, so that the menioog print should not grow
signi cantly while doing the calculation.

2.8.3. Examples

Adhesion histogram In this example we will analyze a batch for force curves tcaobta dis-
tribution of adhesion. The software measures the adhesidaling the difference between the
minimum and the zero point. The zero point is de ned here tthigeaverage of the last 10 points
in the non contact portion of the curve. The minimum is thedstpoint in the retract portion of
the curve. Keep this in mind if using this application forymoker stretching force curves, where
there may be a larger adhesion away from the surface, thigsgmanay not be all that useful.

1. In the Analyze sub tab, seleatihesion from the Calculate pull-down menu.

a) If ALL the curves are to be analyzed, activate thee all FPs' checkbox
-OR-
b) Click the Select FPs... button, which will bring up a panel to select the force plots.
2. Click the Histogram' checkbox.
3. Click the Do It' button. Igor will process and produce a histogram.

4. Within the Histogram window, a variety of information candosquired or exported. Fits can
also be acquired from the Fit Type pull down.

Invols Statistics Small improvements can be made in the precision of the Iniplsaking a
statistical average of many invols values. In this exampdewill calibrate the invols by taking
statistics on a batch of force curves.

1. Collect a reasonable number of force curves (say 10-100)hamchsurface. Make sure they
all have the same trigger point.

Load just those force plots into the force review software.
In the Modify sub tab, click theall ' offset.
Plot the force curves as De V, and note what voltage rangewant to do the t over.

ok wn

On the analyze tab, seleCtliculate DC Invols Ret or DC Invols Ext, depending on which
segment you want to use.

6. Two controls will appear to allow you to set the de ection tagje range to do the line t
over.

7. Click the “Histogram' checkbox.
8. Click the Do It' button. Igor will process and produce a histogram.

9. Within the Histogram window, a variety of information candoguired or exported. Fits can
also be acquired from the Fit Type pull down.

10. Back on the analyze tab, there are two buttons:

a) ‘Setto t' sets the invols of the analyzed force plots to the tted mean.

b) “Set to each' sets the invols of the analyzed force plots to each have twair Invols
value that was determined when creating the histogram.
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2.9. Spot Tab

This panel will allow you to mark where a force plot was pemfied relative to the image coordinate
system.

Figure 2.22.: Spot Tab

1. Turn the spots on and off using the Activate Spots checkbdldarupper left corner.

2. Select the force plots from the left column. This list is tlaen® list as the one on the force
display tab, so the of ine force graph will update to displthg selected force plots.

3. The locations of the force plots will be marked on the imagdsded on the right. Note that
only the displayed images are listed. You may need to go tbsdhganel to open the images
(note the List Panel... button which will open the list pan&b have the spot updated on the
images, you need to have tirtivate Spots' checkbox turned on in the upper left corner.

4. The Display Prefs (lower part of panel, click on the + to exjaallow you to set the text,
color and marker properties of the force plot locations.

Note Moving the sample or tip in the holder (changing tips) willkeahis analysis useless. Addi-
tionally, when this analysis is appropriate, there may bisemall errors arising from thermal drift
that are not accounted for.
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2.10. Elastic tab

This tab ts single force plots or entire force maps with was elastic models to provide elastic
modulus.

Figure 2.23.: Elastic tab. Major interface areas are numbered and outlined below.

1. FitInput: The upper left corner of the panel is where you can set it t&kwara single force
plot or calculate an entire elastic map from a force map. Moualso set which segment of
the force plots you are working on, extend, retract, or dwell

2. Calibration: Here you can override the Invols and spring constant stor#tki le. Clicking
the red X' button in the corner of this area will undo the override valaed revert the data
back to the stored value.

3. Warnings: This area posts any problems that the software nds with ytaa. Clicking on
the buttons here will take you to the help section that dbessrivhat the problems are, their
implications, and how to x/ avoid the problem in the future.

a) If your input is set to force map, then initially this wileka button with an estimate on
how long it will take to load up a handful of the force plots. @rthis has been done,
it will list any problems found with the examined force plots
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b) Also if you have analyzed the force map, clicking on tarnings' button will bring
up a mask that shows which parts of the image had this problem.

Model Selection Guide

e This area posts suggestions on which
models may describe the data better.

* |t calculates the plasticity factor, the
Force ratio and the Tabor coef and
from those parameters selects one of
the 4 available models that best works
with those parameters, as seen in the
ow chart to the right.

* When the tinput is set to entire
force map, the model selection guide
changes, and reports statistics on the
force map that has been examined so
far. The colors tp the left of these
controls re ect the colors of the mask
applied to the image.

» There is a control to check the map,
which loads and examines force plots
randomly to get more statistics. This
operation can be canceled at any time
(from the progress bar panel that
comes up).

5. Models: The tab selects which elastic model you are using. Mioelel Selection Guide
(above) can give some guidance as to which models may desily particular data.

a) Hertz The classical theory of contact mechanics. From 1886 to H&frich Hertz
studied how lenses deform under load, and his equations tee foundation of contact
mechanics. See als$10.0.1 This model assumes:

* Negligible adhesion between the tip and sample
« Strains are within the elastic limit
e The contact area is much smaller than the radius of the tip

b) DMT Derjaguin-Muller-Toporov; Takes into account adhesiotsiole the contact area.
Applies to samples with a small Tabor coef cient.

¢) JKR Johnson-Kendall-Roberts; Takes into account adhesiaderrthe contact area.
Applies to samples with a large Tabor coef cient. See &si0.0.2

d) Oliver Pharr Relatively new elastic model that ts the unloading curveond appro-
priate for samples that deform plastically.

6. Model Assumptions: This area describes the tip and the sample. The elastic sodkl
culate the reduced Young's modulus, which is comprised eftigh and sample's Young's
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modulus and Poisson ratios. You need to describe the tipamgls in order to determine
the sample modulus from the reduced modulus.

1_1 VB 1 Vi

Ec E| ES

V is the poisson ratio, E is Young's modulus, Ec is the reduéedng's modulus i denotes
indenter, s denotes sample.

a) The elastic models also deal with pressure, which meansi\ged to know area and
tip geometry, which is set in the geometry area. The OlivaarPmodel has more
complicated and exible controls to specify the area.

b) The tip geometry controls are above the model assumplibere is also an estimation
of which geometry will describe your data the best, it is usaf a double check.

7. Initial Guess: The speci cs of this area depend on the Elastic Model. In gdrierms, you
can type in values for the t parameters and see how thatsattes calculated line. Then
tting will take that initial point and try to converge on a tter description of the data. If the
initial guess is very far from describing the data, the thibt be able to converge.

8. Results: Here the sample modulus is calculated from the tip and saprpjeerties and the
reduced modulus from the t.

2.10.0.1. Elastic Tab Hertz Example

This instruction set uses a force map that was collected amebgenous polyacrylamide gel with
a modulus of ~700 Pa. The instruction set will refer to spec¢orce curves from this sample. You
can download this sample data set from here:
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(a) Master Force Panel, Display Tab

(b) Single Force Plot (c) Entire Force Map

Figure 2.24.: Master Force Panel, Elastic Tab

1. Open the AFM software. In this example, we are using lgor PRR2A& and the MFP3D
120804+0806. Earlier versions of the AFM software (esplgcanything before 101010)
may not work or have the features we use in this document.selelaeck the Asylum sup-
port site ( )
for the latest version.

2. Load your Force Map data from the menu bar sekda¥l Analysis . Master Force Panel. A
new panel called the Master Force Panel should appear, alitihghe AR Load Path win-
dow. Using the browse button on the AR Load Path window, sdéltecfolder that contains
your force map data, se&e2.1
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Open a Force Curve

* You should now see a list containing
all of your force curves towards the
bottom of the Display tab of the
Master Force PanelF{gure 2.24a
on page 8Y.

e Simply click on the name of any one
of your curves and a graph of the
force curve will appear, in this
example, we've picked the force
curve located at Line 1, Point 1.

-OR-

« If an image came up with the force
map, you can simply click on the
image to display the corresponding
force plot.

4. Select the Elastic tab on the Master Force Panel. The pameldshow look likeFigure 2.24b
on page 87

Note By default, the Elastic tab starts in single force plot maae evidenced by the blue
“Single Force Plot' sub-tab towards the top of this panelisTha good place to start, even
if you are analyzing an entire force map.

Inspect the Force Curve

» The force curve will be displayed
with force on the Y-axis and
Indentation on the X-axis.

* Note the crosshair on the graph
showing the location of the software's
current estimation of the contact

3. point.

 Also note the software's rst tto
your chosen elastic model, indicated
by a brown line. In the example, the
rst t does not match the data very
well, indicating that we have more
work to do before we get a better t
on our data.

6. You can change the selected curve either by going back toidmdy tab or by pressing the
arrow buttons under the Fit Input grouping on the ElasticdPaxou can also use the key-
board arrow keys to navigate across adjacent curves2 8e® Also, we will use the extend
portion (not the retract portion) of the force curve for thisdel, which should automatically
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10.

11.

be selected in the drop-down box in this grouping.

Check your warnings: When the tis made, the software chdoksa series of common

problems that are found in indentation data. The top-righber of the panel will display

any problems that have been detected with the data in yeldiak the name of the warning

for a description of the problem. If there are no issues detk@ green button labeled No
Problems Detected will be displayed.

Input your model assumptions. Next, you will want to assurtip shape, size Poisson ratio
for your sample. These need to be entered into the model asisumyrouping. The tip
material is not required for soft samples, when the sampletise kPa to a few MPa range,
then the difference in a 60 GPa indenter and a 360 GPa indsniegligible.

a) In this case, we used an unmodi ed silicon nitride AFM dawmer, which we assume
is a cone with a half-angle of 36°. For a PA gel, the literat@gorts various Poisson
ratios- here we will use 0.4. Note that assumptions are viéigutt to make, and in
real-life situations it might not be feasible to expect thatir assumptions are constant
throughout a single data set.

. Adjust your initial guess, if needed. The Initial Guess griog allows you to assist the

model in making rst-order guesses. The Force Offset andtbé)ifset are the X- and Y-
locations of the contact point, relative to the 0,0 pointia force curve data. They describe
the center of the crosshairs displayed on your force curaphgr When the boxes next to
these parameters are checked, the program will try to saveéhkse offsets by iterative
tting.

Adjust the tregion, if needed. In many cases, only a sub$gbar curve will be amenable
to a single model. By default, the tis made between 10%-9G%maximum indentation.
To select a smaller or larger region, press the Show Fit ReGiantrols Checkbox. Using
the parameters shown, you can select a lower and upper bgunguiting a speci ¢ value
or just a percentage of either the maximum force or indesmatiat will be t by the model.

If the low parameter is grayed out, that means that you anegyp t the force offset, and
the non-contact data is required to t for that. Note that aa ghange the ROI parameters,
your data graph may auto-zoom the graph window.

a) When looking at these example force curves, you can seallgnk in the extend
portion of the curve at about 50% of the maximum force apptica This might be due
to various factors that are not described by the model. lera@exclude this section
of the curve from the model analysis, we can use the ROI clertivselect a sub-set of
the data for analysis.

Fit your Data

* You will see the model t represented
as a brown dashed line on your force
curve, and the numbers in the Results
grouping will be updated. To the right
we show a good t on our data, which
was obtained by rejecting all data
above the kink in the force curve.
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12.

13.

14.

15.

16.

17.

18.

19.

Look at the Results part of the panel. The modulus of the saumsghighlighted in yellow.
The reduced chi-square?) value is an estimate of the t quality, where values closer
1 indicate a better t. The reduced modulus is the actual mmemsmodulus, which is a
convolution of the sample modulus and the indenter modulus.

Start Over, if needed. This button removes the region of t restricicend allows you to
start again.

Select Entire Force Map: Selecting this tab should result in the border of the pamaling
green Figure 2.24c on page §7

Fit an Entire Force Map: We started by analyzing one force curve in order to adjustttng
parameters and assumptions. We can now analyze an entieerf@p.

Note When you do this, you apply the same assumptions and t paemséo every curve
in the force map. This might not be appropriate as the vditlaf the sample and the tip
during the experiment might require different assumptimnglifferent areas.

Check for warnings: The warnings area of the panel should now give you the optiameck
a small subset of your data for t problems. It will also listet estimated length of time that
such a check will take. The warnings that appear here ard¢icdeto those described in the
previous section.

Select your data output: Using the top left part of the payml, can select the name of the
image output. The AutoName checkbox is selected by defantt,will produce an image
with the same name as the folder that contains your force ragp this name will be listed
just under the check box. Be careful if you do not check the bdrling the calculated data
as a layer into a new image can be tricky, especially if youadiding it to an image le that
has a different pixel count or scan size.

Fit your data: Select the t button. A progress bar with anmeated time to completion will
appear as the program ts the individual curves.

Explore your Data

* A gure with results should appear.
Each pixel represents a modulus
value.

» To see a point in more detail, simply
click the point on the image. The
force curve display will show you that
force curve and the "Results’ area of
the Elastic panel will show you the
value.

Note Very poorly t points will be

displayed as dark red pixels. If you choose
one of the problems noted in the Warnings
panel, a bright red mask will indicate which
areas represent the reported warnings.
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20. Re-t a speci c point, if needed: If a single point has beenpborly, or requires different
assumptions or parameters, you can select that point andtatie t parameters in the
Elastic tab, just as you would when analyzing single foroeest If your new parameters
and result are satisfactory, you can then update the forpenith the new value by selecting

21.

22.

the Update value in map with current button.

Further Analysis (Optional) In this
example, the Force Map was taken on a
homogenous gel. This was done so that
many data points could be analyzed to
achieve an average value for the sample. If
you had a large data set (> 100 force plots),
you could do a Gaussian tto the
distribution from the histogram panel. This
example data set is only 16 force plot, so
reading the average and standard deviation
from the roughness panel is more
appropriate, se&.3.1 The histogram
example is described here as an example.

» To show the Histogram tab, make the
Analyze Panel by pressing A at the
top right of your result map, see3.3

Further Analysis (Continued)

» Click on the'Make New Histogram'
button.

» The resulting histogram can be
adjusted using the slider to control the
number of samples per bin.

» A Gaussian tcan be applied to the
data by selectingDo it' on the top
right of the Histogram window. You
can also ta subset of the data by
bracketing the region on interest with
the Igor cursors (press CTRL +ito
reveal these) and then doing the t.

Note In this example, the Gaussian mean
value was 664.18 Pa with a standard
deviation (Width) of 7.56 Pa. Compared to
the actual average of 682.9 Pa and standard
deviation of 8.183 Pa from the roughness
panel.
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2.10.0.2. Elastic Tab JKR Example

This instruction set uses a force map that was collected en@arning Sylgard 186 Silicone Elas-
tomer . The
instruction set will refer to speci ¢ force curves colledten this sample. You can download this
sample data set from here:

(a) Master Force Panel, Display Tab

(b) Single Force Plot (c) Entire Force Map

Figure 2.25.: Master Force Panel, Elastic Tab
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1. Open the AFM software. In this example, we are using lgor PR2A& and the MFP3D
120804+1118. Earlier versions of the AFM software will navé the features we use in this
document. Please check the Asylum support site (

) for the latest version.

2. Load your Force Map data from the menu bar sekgot! Analysis . Master Force Panel. A
new panel called the Master Force Panel should appear, alithghe AR Load Path win-
dow. Using the browse button on the AR Load Path window, sélecfolder that contains
your force map data.

Open a Force Curve

* You should now see a list containing
all of your force curves towards the
bottom of the Display tab of the
Master Force PanelF(gure 2.25a
on page 92

» Simply click on the name of any one
of your curves and a graph of the
force curve will appear in this
example, we've picked the force
curve located at Line 1, Point 3.

-OR-

« If an image came up with the force
map, you can simply click on the
image to display the corresponding
force plot.

4. Select the Elastic tab on the Master Force Panel. Then clicthe JKR tab. The panel
should now look likeFigure 2.25b on page 92

Note By default, the Elastic tab starts in single force plot maae evidenced by the blue
“Single Force Plot' sub-tab towards the top of this panelisTha good place to start, even
if you are analyzing an entire force map.
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Inspect the Force Curve

» The force curve will be displayed
with force on the Y-axis and
Indentation on the X-axis.

* Note the crosshair on the graph
showing the location of the software's
current estimation of the contact

3. point.

 Also note the software's rst tto
your chosen elastic model, indicated
by a brown line. In the example, the
rst t does not match the data very
well, indicating that we have more
work to do before we get a better t
on our data.

6. You can change the selected curve either by going back to ik@dy tab or by pressing
the arrow buttons under the Fit Input grouping on the ElaBaoel. You can also use the
keyboard arrow keys to navigate across adjacent curve, 36

Select the Region  The JKR model can t
either Extend, Retract or both (Ext+Ret).
The JKR model does not include visco
elastic deformation, so when there is

signi cant separation between extend and
retract (as shown in these force plots), you
will not end up with a good t to both

extend and retract. The t curve is between
extend and retract, and describing neither.
This should be an indicator that your model
may be incorrect, and you may want to do a
force rate dependency study to see what
effects that loading rate has on the shape of
the force curves. These curves do however
have a very clear decrease in restoring
force just before the rupture on retract, this
is a signature of the JKR model that is
absent in Hertz and DMT. So for the sake
of this example, weet the tinputto

retract to see how well the JKR model
could describe that portion of the curve.
You can see it immediately does a much
better job of describing that data.

8. Check your warnings: When the tis made, the software chdoksa series of common
problems that are found in indentation data. The top-righber of the panel will display
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10.

11.

12.

13.

14.

any problems that have been detected with the data in ye@dek the name of the warning
for a description of the problem. If there are no issues dete@ green button labeled No
Problems Detected will be displayed.

Input your model assumptions: Next, you will want to assurtip shape, size and a Poisson
ratio for your sample. These need to be entered into the mas$eimption grouping. The
JKR model is derived for a paraboloid shaped tip. The tip neltes not required for soft
samples, when the sample is in the kPa to a few MPa range, hbatifterence in a 60 GPa
indenter and a 360 GPa indenter is negligible.

a) In this case, we used an unmodi ed silicon nitride TR80OAKRShort)

, which we assume is a spherical
apex with a radius of 20 nm. We also assume a Poisson rati® oNote that assump-
tions are very dif cult to make, and in real-life situatioitsmight not be feasible to
expect that your assumptions are constant throughout kegiatp set.

Select the t parameters and adjust your initial guess, édedl. The more t parameters,
the more freedom the t function has, which makes it easieiitfto get lost. If you have a
dif cult time converging (getting a good t), try turning dfsome parameters, and adjusting
them by hand. For example, adjust the depth offset, so thathks correct to you, and turn
off that t parameter. Adjust the pull off force to be the mimum of the curve, and turn off
that parm. Adjust the force offset so that the base line l@akeect, and turn that parameter
off. Then do a t, and see where that gets you. Once you areecigsi can turn on more t
parameters, and they should improve when you t.

Adjust the tregion, if needed: In many cases, only a sub$gbar curve will be amenable
to tting. By default, the tis made between 10%-90% of maxim indentation. To select
a smaller or larger region, press the Show Fit Region Cableckbox. Using the param-
eters shown, you can select a lower and upper bound by inguitispeci ¢ value or just a
percentage of either the maximum force or indentation théte t by the model. If the
low parameter is grayed out, that means that you are eityiagtto tthe contact point (see
the previous step) or your are tting both extend and retracthe later case, the upper limit
is found in both the extend and retract data, and the forceeathat level is excluded from
the t.

Fit your Data

* You will see the model t represented
as a brown dashed line on your force
curve, and the numbers in the results
grouping will be updated. To the right
we show a good t on our data.

Look at the results part of the panel. The modulus of the sansphighlighted in yellow.

The reduced chi-squarec) value is an estimate of the t quality, where values cloger
1 indicate a better t. The reduced modulus is the actual mmemsmodulus, which is a
convolution of the sample modulus and the indenter modulus.

Start Over, if needed: This button removes the region of dtrietions and allows you to
start again.
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15.

16.

17.

18.

19.

20.

21.

Select Entire Force Map: Selecting this tab will result ia border of the panel turning green
(Figure 2.25c on page %2

Fit an Entire Force Map: We started by analyzing one forcevecim order to adjust our
tting parameters and assumptions. We can now analyze dredotce map. Note that
when you do this, you apply the same assumptions and t parmsé& every curve in the
force map. This might not be appropriate as the variabilitthe sample and the tip during
the experiment might require different assumptions fdied#nt areas.

Check for warnings: The warnings area of the panel shouldgieevyou the option to check
a small subset of your data for t problems. It will also listet estimated length of time that
such a check will take. The warnings that appear here aréicaéto those described in the
previous section.

Select your data output: using the top left part of the paywl, can select the name of the
image output. The AutoName checkbox is selected by defantt,will produce an image
with the same name as the folder that contains your force ragpthis name will be listed
just under the check box. Be careful if you do not check the bdxling the calculated data
as a layer into a new image can be tricky, especially if youadiding it to an image le that
has a different pixel count or scan size.

Fit your data: Select the t button. A progress bar with arireated time to completion will
appear as the program ts the individual curves.

Explore your Data

» A gure with results should appeatr.
Each pixel represents a modulus
value.

» To see a point in more detail, simply
click the point on the image. The
force curve display will show you that
force curve and the "Results’ area of
the Elastic panel will show you the
value.

Note Very poorly t points will be

displayed as dark red pixels. If you choose
one of the problems noted in the Warnings
panel, a bright red mask will indicate which
areas represent the reported warnings.

Re- t a speci c point, if needed: If a single point has beenpborly, or requires different
assumptions or parameters, you can select that point andtatlie t parameters in the
Elastic tab, just as you would when analyzing single foroeest If your new parameters
and result are satisfactory, you can then update the forpenita the new value by selecting
the Update value in map with current button.
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Further Analysis (Optional) It may be
possible to distinguish between two
different samples by looking at the
histogram of the obtained Young's

22. modulus.

» To show the Histogram tab, make the
Analyze Panel by pressing A at the
top right of your result map, se€e3.3

Further Analysis (Continued)
 Click on Make new histograrbutton.

» The resulting histogram can be
adjusted using the slider to control the
number of samples per bin.

» A Gaussian tcan be applied to the
data by selecting Do it on the top
right of the Histogram window. You

23. can also ta subset of the data by

bracketing the region on interest with

the Igor cursors (press CTRL +ito

reveal these) and then doing the t.

Note In this example, the Gaussian mean
value was 1.25 MPa with a standard
deviation (Width) of 0.0287 MPa.
Compared to the actual average of | don't
know.
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3. ARgyle 3D Data Visualization

CHAPTERREV. 1526,DATED 08/20/2013, 17:07. BERGUIDE REV. 1560,DATED 08/25/2013, 16:40.
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ARgyle™ (a play on ArGL or Asylum Research Graphics Library) is the MBD's 3D image
rendering software. It uses open GL code and the graphicsarayour PC to produce stunning
3D representations of your data. In real-time or with of iaealysis, custom colors and specular
lighting can bring out features in your data that are notlgagrceived in the standard 2D view. It
also allows multiple data channels to be overlayed as col@omther data channel.

There are two ways to get started using AR§ylelepending on whether you are imaging in real
time or doing of ine analysis. 3D representations of savathavill be covered rst, so this tutorial
can be used even if you are not actively imaging a sample.Hesdme capabilities with reference
to data being collected real-time, please Seetion 3.5 on page 116

3.1. Viewing Saved Images in 3D

1. Open the Image Browser Panel as outline&éttion 1.1 on page 5
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Open a 3D Window:

* Open an image of choice. This will
bring up the 2D image display
2. window.

» Select a tab of the image: probably
height or, as shown here, Zsensor.

e Click the 3D button

3. A 3D rendered image will now appear in a new window scréggure 3.1 on page 9%hows
atypical example. The data is scaled in a box of aspect ratid 3The color bar corresponds
to the total range of the Z axis.

4. Try a few things with your mouse:

a) Click-drag on the 3D surface with the left mouse buttorotate the view.

b) Use the mouse wheel to change the level of zoom. Clickinigdaagging the left mouse
button while holding down th&cCtrl' key has the same effect.

¢) Right-click-drag to change the angle of the lighting.
d) “shift+left click and drag to pan the image within the XY plane.

Figure 3.1.: Typical ARgyle window when it rst opens.

3.2. Overlaying Data on a Surface

Figure 3.2 on page 1Gthows an example of an overlay. Unlike the images covereatsthé color
map overlay has no relation to the data channel it is ovedlaye In this case the color is propor-
tional to surface potential at the cantilever tip as meakbyeKelvin Probe Force Microscopy, but
the shading and 3D rendering is proportional to the samplegaphy. The potential as measured
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at each pixel is painted over the sample topography. It isintke a 3D rendering of a geograph-
ical map in which colors represent vegetation type. Thisatftan be quite useful for depicting

many quantities measured by AFM such as magnetic eld, cotidty, tip sample capacitance,
and cantilever phase.

AFM images commonly have spikes in the data, which can bedistyacting
N in surface plots. Use of the Iter panel can be a quick and ey to clean

up the image for use as a surface plot. Seetion 1.2.5 on page 36r
detailed instructions.

Figure 3.2.: Surface potential overlay on topography.

3.2.1. Basic Examples of Color Overlay

1. Open the Image Browser Panel as outline&éattion 1.1 on page 5
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Open a 2D Window:

» Open an image of choice which brings up the 2D Image Displagow. Here

we show a polymer topography image and the phase channdi.aBotattened
and slightly Itered for noise.

Set the Color Channel:
» On the 2D image graph

— Select the channel you want for
the color. This will usually be
phase, current, or some other
measured quantity.

— “ctrI'+ Click on the3D button.
This will set the currently
displayed layer as the color for
the next 3D image.

-OR-
» Open the Master ArGL Panel by

selectingAFM Analysis . 3D Surface
Plots from the menu bar

— Click the Newtab.
— Click the Color checkbox.

— From theColor pull-down, select
the same data le as you selected
for the surface.

— From theData Typepull-down to
the right of it, select the desired
channel in that image.
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Set the Surface Data:
» On the 2D image graph:
— Select the channel you want for the surface. This is usuaiight, Zsensor,
or a modi ed version thereof.
— Click the 3D button.
-OR-
* From the Master Argyle panel:
— Click the Newtab.
— Select the topography data le from ti8urfacepull-down.
— Select the desired channel of that image fromDla¢a Typepull-down to its
right.
— Click the Do It button to create the 3D view.

* The image shows a nice example of how one value of phaseiagEsowith
ridges and another value with furrows.

Note Once the 3D image is rendered, neither the surface nor tloe clshnnel can be
reset without closing the window.

3.2.2. Overlaying Data from Difference Sources

(@) LFM Image (b) Force Map (c) Overlay
Figure 3.3.: Force map overlay on LFM image.

The previous section overlaid the phase channel from ongernato the height channel from the
same image. As you may have guessed from the pull-down meheis you selected thGurface
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andColor sources, the channels do not have to be from the same imafggesand color sources
can be selected from any open images. Fidfigerre 3.3 on page 10shows an example of a lateral
force image which is used as the surface source (topograghslly represents force) with a color
overlay based on a map of force curves.

The sample is a micro contact printed mercapto undecanaic(42O0H terminus), back lled
with dodecanethiol (-CH3 terminus). The Au coated SiNx tia the acid thiol on it as well, and
was acquired in a pH 4 buffer standard. The example was damederate haste to show this type
of experiment can be done, and seems to correlate reasomalbly

3.2.2.1. Overlay of Height on Height

An overlay of topography as a color on topography in a 3D imzgebe very useful when trying
to create a certain data landscape. In a standard 3D imageplbr bar of the height is directly
linked to the range of the Z axis. The only way to get a certaiorcto occupy a certain altitude
in the topography is to translate offset the data, usuallgio®y some of it go outside of the frame
box.

By associating color with a secondary channel, the ArGL eragsinel allows the color scale to be
offset freely. Please follow this brief demonstration.

1. Open the Image Browser Panel as outline&éattion 1.1 on page 5

Open a 2D Window:

» Open an image of choice which
brings up the 2D Image Display
Window.

» Select a tab of the image data channel
of interest, probably height or, as
shown here, Zsensor.

e “CtrI'+ Click on the3D button.

Open a 3D Window, Topography:
» Go back to the image.

e Click on the3D button, but do not
hold down'Ctrl.
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Manipulate the Color Bar Scaling and Offset:
e Select theViewtab.
e SetView Modeto ‘color scale'.

» Use the sliders to change the color scale range and offegicd\here that the
total range on the color scale is 2 microns, while the totadjeaon the z axis is
500 nm. This cannot be achieved in a non-overlay type graph.

3.2.2.2. Overlay Tricks

These are not intended for quantitative scienti ¢ visuatiian, but can be very helpful when trying
to communicate features of an image.

3.2.2.3. Flattened Surface Overlay on Topography

You may want to do a 3D rendering of some material that haslemigatures but some larger
curvature of radius, for instance, large spheres or haie groblem is that the ner details of the
topography features do not get colored well in ARgyle dudnéoextreme changes in Z scale of the
materiall

To solve this problem, atten a height image channel with eosel order atten to take out the
large scale curvature of the material, then overlay it onfosensor or copied height channel that
has nothing greater than a 0-order atten applied to it.

Using ARgyle, overlay the 2nd order attened image onto theeq such that the 2nd order im-
age is the colored layer. This will help to bring out the smafeatures much betteEigure 3.4
on page 105hows an example of this technique. Note that this technisjumeostly to enhance
visualization. The color bar may best be left off since italsawill only re ect, at best, local
variations with respect to the surface of the object.

1This idea courtesy of Scott Maclaren, Center for Microasialpf Materials, Frederick Seitz Materials Research Lab-
oratory, University of lllinois, Urbana Champaign.
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(a) Raw height (b) Parabolic atten (c) Overlay of (b) on (a)

Figure 3.4.: Overlay of a second order attened height image on the topograph y of the same image.

3.2.2.4. Error Signal Overlay on Topography

The amplitude signal in AC mode imaging or the de ection afgrin contact mode imaging, also
known as the error signal, is a measure of the inability ofalfeedback mechanism to actually
keep the cantilever amplitude xed. When the cantilevercamters edges in the sample, it will
take some time for the feedback to react. During this time,amplitude or de ection will not
be at their respective set points. The resulting image sfdlgnal often looks appealing since it
accentuates edges and ignores slower variations in tgplogré contains no direct topographical
information - only convoluted information which, in a wayepking to the human eye, brings out
small surface detail. It is not unlike some of the traditioe@dge nding Iters that can be found in
the Filter tab of the Modify Panel.

When imaging cells, users commonly overlay the amplitugeadionto the overall topography to
visually enhance the presence of small surface featuresaysl clearly state how the image was
processed, since this borders on “Photoshopping” the ladétia.

3.3. Display Settings

When the3D button is clicked the ArGL Master Panel is also opened aloitly the 3D represen-
tation of the data. This gives additional controls over tBeil®dage beyond the mouse clicks and
drags of the last section. Each of the tabs will be discudsgdyut of order for the sake of clarity.
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(a) Zsensor image (b) Color Overlay

Figure 3.5.: Fibroblast cells on a glass substrate. Overlay of the amplitude image channel on the
topography. Some blue colored specular lighting added.

On the rst activation of a 3D image, the panel will have certdefault
parameters (i.e. Zoom, scale, rotation, color, etc.) thet appear off-scale
(in Z) if the surface features are large relative to the XYnsagea, or close to

Note scale (in Z) if the features are small. If you have alreadycessed a 3D
window in the current experiment, the new ARgyle image wélvé the same
rotation, zoom, etc. as the previously opened 3D windowillthave the
same Z data scale as the 2D image in the Display Window.

3.3.1. Axes, Prefs, Lights, and Windows Tabs

The tabs that are self-explanatory will be discussed rskela look aFigure 3.6 on page 10&hd
peruse the settings. Within Igor, you can always click thebuttons next to any item for more
explanation.

Here are some of the more popular actions on these panetsttexegh many users will rarely use
any of them:

Remove text or axes Go to theAxestab. Uncheck theShow Axes' or the “Axes Labels' check-
boxes.

Arrange or close multiple 3D image windows Go to theWindowstab. Hold shift' and click on
windows in the list to stack, tile, or close them en masse.

Make surfaces appear shiny  Go to thelLightstab, and checkShiny. The percentage next to the
*Shiny' checkbox will adjust the intensity of specularly re ecteght. Apply changes to the last
viewed image or checlall' to apply to all current and future 3D windows.
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(a) Axes tab (b) Lights tab

(c) Prefs tab (d) Windows tab

Figure 3.6.: Master ArGL Panel Tabs

Change illumination color ~ Go to theLightstab, and change the light color using thelor drop-
box. This only affects the specularly re ected light, soghiny' is set to 0%, then the light color is
irrelevant.

Change the background color ~ Go to thePrefstab. Use theColor dropbox to change the back-
ground.

Note Apply changes to the last viewed image or chaslkto apply the changes to all current and
future 3D windows.

3.3.2. Color Tables, Rotate, Zoom, Pan, and Lighting

Starting Point:

» We will apply a series of actions to
the image on the right.

1.  This instruction set will show the
relevant panel, usually the View tab
with different modes selected, on the
left and the result will be on the right,
with instructions below.
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Choose a Different Color Table:
» Select theDisplaytab.
» Select a different color table using tlmlor Map dropbox.
* Invert the direction of the color table with thievert checkbox.

Optional (Not Shown in the Image Above)

» Use the'Negative Color' checkbox to cause the image to be a color negative of the
initial color scale. Red, for instance, would be displaysdjgeen.

* Remove the color scale bar from the right of the image by eokimg"Color Bar'.

Rotate the Image:
» Under theViewtab, select 'Rotate' mode from thdew Modepull down.
» Change the view angle using the text elds or the sliders.

» Notice that the colors associated with the pitch and rotatlds are also applied
to the sliders.

Optional
» Or with the mouse, left click-drag on the 3D image to chargerbtation
variables.
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4.
Zoom In:
e Select theViewtab.
e SetView Modeto 'Zoom'.
e Enter a number in th2oom Factor eld, or slide the left slider back and forth.
Optional
» Or with the 3D image window selected, rotate the mouse wioesbom in and
out.
5.
Translate the Image:
e Select theViewtab.
e SetView Modeto 'Offset'.
» Enter XY offset values or move the sliders to slide the imagmind on the
screen.
Optional
* Or left Shift-click to translate the 3D image.
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Change the Lighting Angle:
» Select theviewtab.
o SetView Modeto 'Light Rotate'.
» Enter values or use the sliders to change the incident arigihee image lighting.

Optional
 Or right-click-drag the mouse pointer over the 3D image.
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3.3.3. Z Axis Range, Offset, and Clipping

Change the Z Axis Range:

» Select theviewtab.
SetView Modeto 'Data Scale'.
Clip must be set to 'None'.

» Enter a new value into theata Scale eld. In our example we cut the data scale
in half, increasing of the size of the 3D topography by a faot®.

Alternatively, you can use the yellow left slider.

Note Since the color scale is normally xed to the vertical rante colors of the
surface which extend above the box stay constant. The oagorethe surface still
looks like data is due to the shadows cast by the lightingolf go to the Master ArGL
Panel and turn off the lights under the Lights tab, then tHeobtange parts of the
image will become featureless.

Note The data expands equally up and down from the vertical midpdithe Z range.
Note The extremes of the data scale can give visually confusisgitee or may even

seem to erase the data. If the data seems irrevocably didtoineFix button will
restore the default settings.
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2.
Clip Data Extending Outside the Frame:

» Select theviewtab.

» SetView Modeto 'Data Scale'.

» Set theClip pull-down menu to ‘Clamp’. The data extending beyond theival
range are capped with solid surfaces.

» To leave an open hole in which you can see the backside ofafze sklect the
‘Clip* option from the pull down menu.

3.
Change the Z Axis Offset:

» Select theviewtab.

» SetView Modeto 'Data Scale'.

» TheClip menu can still be set to 'Clamp'.

» Enter a new value into theata Offset eld. In our example, we offset by 125 nm,
which brought the taller features nearly back inside the bakmoved lower
features outside the box.

 Alternatively, use the blue right slider to adjust the effgalue.
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3.3.4. 3D Graphics Aspect Ratio

1.
Change the 3D Graph Aspect Ratio:

» Select theviewtab.

» SetView Modeto 'Zoom'.

» Change the Z Scale from the default value of 0.33 to 0.66.r&kelt is a
stretched graph which resembles the on8tep 1 on page 111n this case
however, the entire box is taller and the data still ts iresiiat box. The data will
not be clipped and will not exceed the color scale.

 Alternatively, you may move the rightmost, blue slider tange the value.
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3D Graph Aspect Ratio 1:
» Select theviewtab.
» SetView Modeto 'Zoom'.
* Click the Aspect Icheckbox.

» The Z Scale value will assume a value which shows the samjilge irue
proportions. For many AFM samples which have tens of nanerseff
topography over a many micron scan range, it will appear sinad. In our case,
the sample is fairly rough and still gives something to lobk a

» Changing thezscale by entering a number or using the slider will automatically
undoAspect 1

Note Aspect lonly works when the Z axis has units of length. While not company
quantity, such as phase or amplitude, can be plotted on thxésZla this case the
checkbox has no effect.

Note The term Aspect Ratio 1 refers to the actual sample X, Y, aniig&dsions, not
to the way the frame looks on the screen. This is not to be sedfwith setting the
Zscale to 1, which always makes the 3D frame appear to be a cube.

3.3.5. Anaglyphs, Auto Rotation, and Fly-Overs.

Viewing with 3D Glasses:
» Go to theDisplaytab.
* Click the Anagylphbutton.

1. | Note While guaranteed to work on all
computers shipped with Asylum AFMs, the
Anaglyphs may not always work with
unusual graphics processors. This is often

the case with laptop computers. Note 3D viewing is most effective with a

gray scale color table, as shown in this
example image.
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Auto Rotation (Spinning 3D Image):
» Select theviewtab.
» SetView Modeto 'Spin'.

» Type in some small values or use the
2. sliders.

e The 3D image will slowly spin until
the spin rates are set to zero again.

Note This can be combined with the 3D
glasses, but may cause motion sickness.

3.4. Exporting Images

The are many ways to export images from the ARgyle window.

Cut and Paste a Screen Shot:
» Make the 3D image window the forward most image.
* From the menu bar selegtiit . Copy. This puts a screen shot of that window on the
clipboard.
1. o . .
» Open another program where you can paste this bitmap, suehiat, Photoshop, or e-mail.
* From the menu bar of that program, cho@siit . Paste.
Note Since this is a screen shot, the larger you make the windowrees, the higher your
exported image resolution.
-OR-
Save a Screen Shot to Disk:
» Make the 3D image window the forward most image.
e From the menu bar selegtiit . Export Graphics.
2. » Select the le name, location, and type.
 Click Saveto export the screen shot to disk.
Note Since this is a screen shot, the larger you make the windowree:s, the higher your
exported image resolution.
-OR-
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Export to Layout:
» Make the 3D image window the forward most image.
» Select theNewtab of the Master ArGL panel.

3.
* Click the Export to Layoubutton. To learn more about this, sBection 1.4.4 on page 57
Note This will only work for open 3D windows. All the pull-down mes above th&xport to
Layoutbutton have no bearing on this feature.
-OR-

Save a High Resolution Bitmap to Disk:
» Make the 3D image window the forward most image.
» Go to the Igor Command linetrl+'J).
* Type

followed by the return key for an exported image of 3000 @xeide by 2000 pixels tall.
4. The pixel values have a 4000 maximum.

» From the dialog box that comes up, select the le name, lonatand type. In this case, the
type should be a bitmap (BMP).

 Click Saveto export the graphic.
Note If you have the color bar showing and choose a narrow windagvcolor bar will fall atop

your 3D graphic. Choose an aspect ratio similar to the sciBe@ command line approach will
only see which 3D window is currently on top, not how it is podjponed.

tm

3.5. Activating Real Time ARgyle

The lighting and shading features of ARgyle can be usefulnwhe tuning imaging parameters.
It is possible to update a live 3D image, line by line, as dathding collected. ARgyle does not
distinguish between real time images and saved imagesf, #éananipulations discussed in this
chapter can be applied to either.

1. Startimaging.
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Open a 3D Window, Topography:

* Open the Master ArGL Panel by
selecting from the menu barFm
Analysis . 3D Surface Plots. Select
the Newtab.

* From theSurface pull-down menu,
select 'Realtime’.

* From theData Type pull-down menu
2 to the right, select the desired channel,
usually 'Height' or 'Zsensor".

« Either skip to the next step or, IF you
want color overlays, click thecolor'
checkbox and sele&tealtime as the
source. Fobata Type, the usual
channel isPhase, but any other
channel of your choice may be
selected.

e Click the Do It button.

You will now have a 3D image on screen which lIs up line by linéou can apply any manipula-
tions described in this chapter.

3.6. Advanced Command Line Control

ARgyle has advanced command line features which will exalytbe incorporated in the Igor GUI
interface. If you are curious, please read the followingranhelp le:

From within the AR SPM software, select from the menu bar:

Help . AR Help Files . Xop Help Files . ARgyle help

3.7. ARgyle Lite: Stand Alone Data Visualizer for Windows

Asylum Research has released a free program which incdagsoadl the functionality of ARgyle
3D image viewing. SeEigure 3.7 on page 11f8r a screen shot of the application. It can be down-
loaded from

This program is an excellent way to share and view Asylum &ebeSPM data on computers
which do not have the Igor Pro / AR SPM software installed. ¥an send *.ibw les to anyone if
they install the free viewer.

For true 3D visualization, please contact Asylum Research free pair of 3D glassesales@AsylumResearch.com

If you understand the ARgyle functionality described irstbihapter, you will nd the ARgyle Lite
user interface quite familiar. The only limitation is thaetsoftware works with only one image
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(.ibw) le at atime, soitis not possible to overlay data frame image onto another, as in the force
map example irrigure 3.3 on page 102

Figure 3.7.: ARgyle Lite windows application.
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Part Il

Programming

Part Il: Who is it for? The AR SPM software can be customized for your needs in atyaie
ways. Custom control panels and macros can be set up withagogmnming needed. But if you
want even more control you can write your own lgor code. Teidien will cover the basics of

writing Igor code to control the AFM.
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4.1. Introduction

The purpose of this tutorial is to give you a start on learriiog to control the AFM at a low level
using Igor. You might want to do this to make the AFM do things available in the graphical
user interface of the software. Before running throughtiltisrial you should be very comfortable
using the AFM and, ideally, have practiced a little bit of igwogramming. At the very least, it
is important to understand the difference between a wawalng and wave indexes and doing
waveform assignments from the command line. The "Gettimgt&d" tutorial that is part of the
Igor manual will teach you this much. This tutorial will faeen commands speci ¢ to the Asylum
AFMs. At the end of this tutorial we'll discuss some referesdor more programming commands.

4.2. Conventions

Anytime in this tutorial where you see something indented iara different font, such as
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it is meant to be executed from the Igor command line. You nahgopy and paste them, but you
will learn more quickly if you type them out yourself. The walthat the function returns to the
Igor history will often be shown below the command, e.g.

This is just to show you what you might expect to see. You shduknter the into the
command line.

4.3. Help

The majority of commands you will be learning about are comasathat start with . The
td stands for 3D and/or Todd Day, the programmer that creliedcommands. Help for these
commands can be found in the Xop Help le. The easiest way tdathis is to go to the menu
Help . Command Help. This brings up the Help Browser and you can just scroll doovget help
on the command you are interested in learning about. MaleteefFunctions Operations and
Programmingcheck boxes are checked.

Another very useful help item is that if you type the commamis the command line and right
click on it you can go to the help for that command or insertrapiate. Inserting a template is
very useful if a command takes several parameters and ydurdorember the order.

4.4. Low Level Parameter Names

Everything on the instrument that has a value you might wamé&d or control has a parameter
name. These parameter names are constructed as Devieg[§rtParameter. For example, to
read the value of a thermometer that is built into the MFP-8Bd) you would execute

The "head" refers to a speci ¢ device that is part of the unstent, while the the "temperature” is a
speci ¢ parameter that the head owns. Some examples ofetewi® the head, scanner, and ARC.
Additional devices such as heaters can also be added todtneritent. You can see all the devices
hooked up to the instrument by clicking on the gear icon abthteom left-hand side of the screen.

Since many devices have a lot of parameter names, there iddioral level of organization
called groups. For example the ARC has a lot of analog-tdadigonverters (ADC's) and digital-
to-analog converters (DAC's) in it. There is a group namexpUit" that contains the ADC's and a
group named "Output" that owns the DAC's. Furthermore, thietoller device is often omitted
from the address, as it is the default device to read fromf@@xample, to read the value of the
X sensor, you would execute

Similarly,
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would apply 60 volts to the X piezo. Note that when you use camas like

where you don't expect an output, you should still precedsnilioy a print command. They will
return O if everything worked and a non-zero error code ifdhd. So, for example, if you misspell
something you will probably see a 3 or 5 returned.

Note that some outputs can also be read as inputs. You mightdyested in knowing what the
current voltage to the X piezo is before you change it. So

Another way to access these parameters is to use the memogsatip when you click on the gear
icon at the bottom left-hand side of the screen. A popup meittuieons of the devices currently
hooked up will appear. For example, to see the changes ybunjade, oat the cursor over the
icon of the ARC in the menu and an additional popup menu witles. Float the cursor over
parameters menu and yet another popup menu will appear Mighat all the devices owned by
the ARC. SelecOutput and a panel will pop up that contains all the parameters intftegut group.
Click on the'read' button and you should see that the X output has a value of 60 V.

Before you start, the HighVolage Relays must be checkeddafdkey are open or closed. Click
on the ARC icon in the toolbar and navigateARC . Parameters . Default. Then use the read and
write buttons to look at and set the state of HighVoltageXYRelay andHighVoltageZRelay. You
can also change the state of the relays at the command link

At the top of the MFP3D Help le there is a complete list of pan@ter names as well as the error
codes.

4.5. High Level Parameter Names

There are also parameters that exist in Igor rather than cavime device level. If you click on
the Programming menu Global Variables. Masteryou will see a table full of parameters and
descriptions of what they control. For example, the top iterthe ScanSize and shows the scan
size in meters under the value column.

While you can read these values from the table, while programm it is useful to access them with
the GV (Get Value) routine. Executing

will print the sensitivity of the Z piezo (in meters per vaitto the history. See Tablel for a list
of other get functions.
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witch

Table 4.1.;: Get Functions

Function Name
GDS('Parameter Name")
GFS('Parameter Name')
GUS('Parameter Name")
GTS('Parameter Name')
GPS('Parameter Name')
GV('Parameter Name")
GVU('Parameter Name")
GVL('Parameter Name")
GVH('Parameter Name")

GVMU('Parameter Name")

GVS('Parameter Name')

Description

Get Description String
Get Format String
Get Unit String

Get Title String

Get Panel String
Get Value

Get Units

Get Value Low

Get Value High

Get Value Min Units
Get Step Size

4.6. The Crosspoint Switch

To make the instrument a lot more exible, the controller Bamething called a crosspoint switch

inside of it. The crosspoint switch is a lot like an old teleph patch board. It has 16 inputs and 16
outputs and you can connect virtual wires between any ofrtpets and any of the outputs. You

can have multiple wires running from one input to many owput

The crosspoint switch can make programming a bit more caagld because a given ADC isn't
always connected to the same things. From the main menu leat Beogramming . Crosspoint
Panel to bring up a panel which allows you to see and control thengiaf the crosspoint switch.
Switch between contact mode and ac mode and see how somesigia¢s are rerouted.
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Figure 4.1.: Crosspoint Panel

When programming you may nd yourself using the BNCs on thanfrof the controller. These
appear on the crosspoint switch inputs and outputs. To lesp lgou sane, we named all the extra
ADCs and DACs with letters (e.g. InA) and the physical BNC#wiumbers. So, for example,
you can connect the BNC In0 to the ADC InA using the top drop mlomenu in the Crosspoint
Panel, and then clicking th&/rite Crosspointutton.

The crosspoint switch can also be set with commands. For example,

would accomplish the same thing.

Probably the most confusing option on the crosspoint istieIn. By routing a signal tdrilterin,
you are routing it into a low pass Iter of about 36 kHz. Theeltsignal then reappears as an input
to the crosspoint switch named FilterOut. This Iter is uddbr ltering high bandwidth signals
(e.g. De) before passing them to a 50 kHz ADC likex.

A Simple Example with and

You can use the commands to move the X stage around and measure its motibnthvetX
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sensor. The stage is approximately centered at 70 voltaulexecute the following commands in
a row you should see output similar to those listed here.

You just drove the X stage to 60, then 70, then 80 volts. As yrusee, the sensor voltage measured
this movement and returned three different values. To sext dppened in meters instead of volts
we can use the sensitivities to convert the voltages.

This means moving the stage from 60 to 80 volts (20 volt chpslgeuld have produced about 9.6
microns of movement. In reality, the sensors measured

This is about 11.6 um. The fact that the stage moved more tlesgxpected is the reason we have
the sensors. How far the stage movement is off is dependesdzaonsize. Try the above experiment
for a 2 volt change (drive X to 69 volts and then 71 volts) and gbould get better agreement.

While you could make the sample move around by stringingttegea lot of
commands, that is tedious. A better way is to use an lgor wageritrol the stage and collect data.
You'll do this next.

4.7. Parameter Control and Collection

It is good practice before sending instructions to the AR§ @ current instructions. The td_stop()
command does this but in general should not be used as itatapgwaves, inwaves, and feedback
loops.

For now though lets just use the td_stop command.

Now make two Igor waves, one to store voltages to drive theaesand and one to store the sensor
values we read.
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Move the graphs so you can see both of them. You'll notice tiggt now, the wave scaling of
both is just p scaling. The X axis on each wave is from 0 to 10RBuse this wave to drive the
piezo voltage, it will be much more convenient to have the adisg in time. While you could
set it by hand the easiest way is to use acommand. To set up an output wave you will use
the command. You can nd the detailed help for the command asrdestin
Section 4.3 on page 123

The syntax of the command is

The parameters are:

whichBank determines which memory bank in the DSP the wave will be dtoreThere are three
banks of memory, labeled 0,1, and 2, and each can hold up tpdit® of waves. These waves can
be up to 87,380 points long and must be single-precision ig320ating point.

eventString determines when the data will be output. You can think of tlena trigger. You
usually don't want the wave to be output as soon as it reatteeBDEP because you might want to
synchronize the output with some data collection. The evarg group of parameters owned by
the controller, so a typical eventString would be "Eventlilit for functions that have a speci c
event argument, it is simply “0”, the “event.” can be dropp®&dhen we later change the value of
this event parameter, the wave will be output to the DAC thized the X voltage.

channelString is simply a low level parameter name like we learned abouthigicase it will be
"Output.X".

wave is simply the name of the Igor wave with the data to be sentelités PiezoVoltage.

interpolation  determines how quickly the wave will be output. The DAC's &2C's on the ARC
all run at 50 kHz, so an interpolation of 1 means that eachtjitne Igor wave will correspond to
a 50 kHz sample. For the 1024 point waves you made, this mbarentire wave would be output
in about 20 milliseconds. This is very fast, so we will choasdnterpolation factor of 100 to give
us about a 2 second output.

Older versions of the AR SPM software (prior to version 10)QAn the
Note ADCs at 100kHz. In that case the output of the above example¢ake only 1
second.

Before we send the wave to the ARC we need to populate it witlega Currently each point is
set to zero. In this case lets make a ramp over the full rangfeegfiezo (-10V to 150V).

Putting this all together gives
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If you did everything right you should have gotten a zero i lirstory.

If you look at the graph of PiezoVoltage that you made, you matice that the x scale has been
updated to re ect the time that the wave will take to outputo®n in (Figure 4.2 on page 129

Figure 4.2.: Piezo Voltage vs Time

Now you need to set up the Sensor\Voltage wave to record ddta.syintax of the command is
fairly similar to that of :

The rst four parameters are conceptually identical except will now be an input
instead of an output.

We also have a callback parameter and decimation insteadteypolation. Decimation is the
opposite of interpolation. Rather than creating points vemtithe DSP to reduce the number of
points coming back. Sometimes getting data at 50 kHz is dkeitdrinking from a re hose and
you want less information.

The callback function is an Igor function that will be calletien the input data has been collected.
This is useful so that control returns to Igor while the datbheing collected (otherwise Igor would
freeze during data collection). This function might be sthimg that does some analysis on the
data.

To show how the callback works lets make a very simple exartiae prints “Done” when the
callback hits. To do this we must write some code not in theroamd line. Select the Windows
Menu . New . Procedure. Leave the name as is and hitNba/button.

Type in the following onto the procedure window
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Now when the callback function hits it should print “Done”ttee command line.

One major conceptual difference here is that rather thadake being stored on the DSP like the
output data, it is continually streamed back to the PC. Taams the banks correspond to "pipes”
on the USB connection rather than memory. There are 3 baiak$, lgank brings back 1 or 2
channels of 24 bit data.

Putting all this together gives

You will see that the x scaling on the SensorVoltage graphnuas changed to seconds. You
have now set up everything and all you have to do is triggemE®e For this it is easier to use

instead of . They are identical except the rstis used for passing
strings instead of numbers.

If all went well, after about a second you should see the Sehitage wave get updated with data,
and “Done” printed in the command window. The curvature shtiat the piezo isn't moving
linearly. If the graph shows noise then the high voltageysekre in the open state, so the voltage
is not getting to the piezos. You can check this by clickingta Controller Icon' button of the Igor
window and navigating taRC . Parameters . Default. Then use the read and write buttons to look
at and set the state of tiighVoltageXYRelay andHighVoltageZRelay. You can also change this at
the command line:

If you graph the SensorVoltage versus the PiezoVoltage yihis@e the hysteresis loop the stage
traced out Figure 4.3 on page 130

(a) Sensor \Voltage vs Time (b) Sensor vs Piezo Voltage

Figure 4.3.
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4.8. Drive the XY Stage in a Circle

The set of commands below will drive the XY stage with volmgerresponding to a circle al-
most full scale for the stage. The sensors will measure vdalyrhappened. The example uses

and which are very similar to the commands you
learned above. You can watch the sample movement using tles opyour microscope.

(@) X,Y Voltage vs Time (b) Y Sensor vs. X Sensor

Figure 4.4,

As you can see byrigure 4.4 on page 13because of piezo non-linearities and hysteresis, the
circle isn't very round.
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4.9. Feedback Loops

Note this section is very advanced and you run the risk of d@amgayour microscope sensors if
using unstable gains.

For a lot of stuff that you might want to do (for example, to makround circle), you will want to
use a feedback loop of some sort. The controller is able t@iruRIDS loops. These loops have

e Proportional gain P

« Integral gain |

« Differential Gain D

¢ Double-integral gain S

Each parameter belonging to the loop can be accessed; impéx#@IDSLoop.0.1Gain is the name
for the Integral gain of loop 0.

One problem with feedback loops is that if you pick the wroagng, the feedback loop can oscil-
late. Besides being incredibly loud, this can also pushdinsars out of alignment.

The easiest thing to do is to look at the values that the soétwaes. Be careful not to look at the
gains in the panels themselves (like integral gain on thenNdainel or the X and Y gains on the
XY gains panel). These are scaled to make it more converdeniskrs to think about.

To peek at the value that the software uses for Z in contacetutEngage on the meter panel. It
doesn't matter if you have a cantilever in or not. This turngtee Z feedback loop. The following
commands will then read the three gain values. This restipisal for contact mode.

Itis easiest to look at their values in the PIDS Loop Panetpgogramming . XOP Tables. PIDS
Loop Panel.

For AC mode, the gain will be the opposite sign and smaller.

Similarly, to see the X and Y gains, click "Do Scan" and lookh& PIDS Loop Panel, or you could
execute the following:
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In almost all software versions, the X loop is on the rst P&lp (PISLoop.0), the Y is on the
second (PISLoop.1) and Z is on the third (PISLoop.2). Ther@ $mall chance that the X and Y
are on PISLoop.3 and PISLoop.4. You would see this if you wenead the gains.

To set up a feedback loop you will use the command, this is because the PID-
SLoop panel is automatically updated by the AFM software égoes not allow manual overwrite.
The syntax of the command is

The parameters are
whichLoop determines which of the six feedback loops you will use. Talkyun at 50 kHz.

eventString is just like the events described above. Unlike with inpudl aaitput waves, with
feedback loops you often want them to start running immedtjiatPassing a string of "Always"
for the eventString will make this happen for the start gfritmere also needs to be a comma and a
string for the stop event, in our examples "Never".

inChannelString is the channel string for the input to the feedback loop. Kangple, in contact
mode, this is one of the ADCs (InFast usually), which is wingdo De .

setpoint, pgain, igain, sgain  are the setpoint and gains for the loop. After the loop is pethe
setpoint can be driven by a wave. This would be used, for el@rgpmove the XY stage around
under feedback control. Note the gains are scaled to be matiwally right. A pgain of 1 will
give you a 1 volt output for a 1 volt input. Similarly, the satheolt input with an igain of 1 will
give you a ramp from 0 to 1 in one second.

outChannelString  is the output of the feedback loop. For contact mode, thidavbe the Z DAC.
OutputMin OutputMax  are the range of values used for the OutputChannel.

4.10. Setting Up Your Own Z Feedback Loop

So, to set up your own feedback loop in Z, rst turn on the meted make sure you have a

de ection close to zero. Also make sure the cantilever iselto the surface by doing an engage
the normal way and then withdrawing. Above, you saw that fmxtact mode, typical gains are

P=0, 1=1000, and S=0. First you will hook up the De channettie InA ADC by executing

Next you will set up the feedback loop with

If all went well, you should see on the meter that the Zvoltagait to a stable value and that the
de ection is at 1 volt.
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Fig Closed Loop Circle ~ We need to gure out what the gains are for X,Y and Z. This is&lon
with the same read value commands as above. The microscople §ie engaged and scanning.

td_RV is a shorthand function that calls td_ReadValue.

Now let's make a variable Radius (the size of the Radiuseiirtholts). The range of the sensor is
between -10V and +10V but they don't use the full range. Tipg8V for a radius.

We then need to make all the waves.

Now setup the circle commands.

We should do a td_stop() to make sure nothing else is running.

We now set up the feedback loops for X and Y. Notice how thésisetpoint is set to the Radius
for X and 0O for Y. This is because the XCommand starts at a gelequal to the Radius and the
YCommand starts at OV.
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We then pass the feedback loop voltages that we would likegusicommand signal and it will
vary the X\oltage and YVoltage to try to achieve this. We wi#le the trick to look at outputs
(Output.X) as inputs to see what the voltages are and signils display the input voltages.

(@) X,Y Voltage vs Time (b) Y Sensor vs. X Sensor

Figure 4.5.

As you can see ifrigure 4.5 on page 13%he circle should be perfectly round.

4.11. Creating Your Own Programs

While all the examples here have been done from the commia@eicept the callback function it
is pretty easy to start copying and pasting commands to malkeown functions.inside procedure
windows.
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4.12. More Programming Resources

4.12.1. Manuals

The AR SPM software is written in a third party software eomiment called IGOR. There is a
pdf of the igor manual in <\lgor Pro Folder>\Manual\lgorMpdf, where <Igor pro Folder> is the
location where igor is installed. The manual starts withdahémportant “Getting started” guide.
Igor is supplied by Wavemetrics, and they have an excellefsite (

) with additional information like a knowledge base and ar fiseum.

4.12.2. Help Files

All of the AFM related user interface panels were programimgésylum Research programmers
using the tools available in the IGOR environment. To mala #asier, many special functions
are written which are subroutines based on IGOR commandsipAn-date list of these Asylum
Research functions can be found in the AR SPM software in thi@a menu bar undeatelp . AR
Help Files . AR Common Functions. Note that all these functions are stored in les which yon ca
open, and copy from to make your own custom code and usergpa@ak might want to explore
the higher level macro programming capabilities, but inghd you are allowed to delve into the
source code of nearly every aspect of the AR SPM Software.

In the same area there are other useful help les with redpgmtogramming undetielp . AR Help
Files . AR Advanced.

Finally there are a list of low level commands which are maiglated to communicating with the
Asylum Research hardware. You have already seen some ofithiais tutorial (the ones starting
with td_). These commands supplement the ones supplied ®RI@n up to date list can always
be found at:Help . AR Help Files . XOP Help Files . MFP3D XOP Help. The MFP3D reference is
historical and the les also cover more recent instrumenthsas the Cypher AFM.

4.12.3. User Forums

Years of Asylum Research SPM Discussion are archived absuppylumreseach.com. Once you
join you can peruse the DIY programming section of the forumgpost questions. All Asylum
Employees are forum members and within a day you will typyogét an answer from the experts
at Asylum, but also from other power users around the wortgk Jupport site also hosts the latest
manuals and software updates for your instrument.

4.12.4. Give us a call

Always feel free to contact us directly at
Support@AsylumResearch.com

or by calling us if you need some more help.
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