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Why Use AFM??

Because we want to make a measurement:

Image analysis for three types of measurements
* Critical dimension in XY
» Step height
* Roughness

Image processing
* It’s a necessary evil
* Principle of least damage
* Alternatives to processing
* Polynomial subtraction
Planefit
Flatten
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Outline

= Openingfiles

* Introduction to Display Window

= Processing Considerations

= The Analysis Panel (Line sections, Roughness, Histograms
= The Modify Panel (Flatten, PlaneFit, Mask, Erase)

= Argyle 3D/4D rendering

Examples:
1) Tilted Plane (Planefit, Flatten, line section, Roughness)
2) Al203 Fibers (Masking, Flattening, Line section, Roughness,)
3) Molla’s Sample (Masking, Flattening)
4) MoS2 (iterative masking, Histogram)
5) Calibration Grating (magic Mask Pits)
6) Polymer Step edge (Planefitting, Line section)
7) RF Challenge Sample (Masking Challenge)
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Available Resources

OXFORD

INSTRUMENTS

Manuals
https://oxinst.sharepoint.com/sites/OIARServices

Use Help Menus to Right of parameter setvars/ buttons

Igor Getting Started Tutorial (Help = Getting Started)
Ctrl A- return to full view
Ctrl 1 = brings up cursors
Ctrl T- brings up tool box

Argyle Lite: Stand alone 3D&4D viewer
https://support.asylumresearch.com/filedata/fetch?id=19894

+ Getting Started

This help file contains overview and guided tour matenal and constitutes an essential introduction to Igor
Pro. The main sections are:

= Introduction to lgor Pro
» Guided Tour 1 - General Tour

» Guided Tour 2 - Data Analysis
« Guided Tour 3 - Histograms and Curve Fitting

We strongly recommend that you read at least the first two sections.

The matenal in this help file is duplicated in Volume | of the Igor Pro POF manual which is accessible
through the Help menu.

Getting Started.ihf E=H EER <=

~

SPM Software User Guide
SYLUM

ESEANCH

an Oxford Instruments company

Software User Guide

Version 17, Revision: A-2120
Dated 07/31/2020

Asylum Research

an Oxford Instruments company
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https://oxinst.sharepoint.com/sites/OIARServices

Opening a File: QXrQRD

AFM Analysis—> Browse Saved Data (Brings UP Browse Panel)
Brings up Browse & List Panels

m f

File Edit Misc User S¢

Data Analysis Macros Windows Graph Help AFM Analysis Programming

P [EE]=] =EE=]
o Vertical Number | 6 3
ertical Number & -
Image Data Type _efror_ Page Start 0 ges on Disk 2 Images in Memory |2
Directory Horizontal Number 4 = Which Image | Either | v
Total: 0 -
Copyto Layout ForeeinatE
SelectAll 2 SelectAll 2
Open Files 2 Open Images ?
LoadFiles ? Save to Disk ?
Refresh List i Save As to Disk 2
hange Directory ? Rename Images ?
indows Explorer... 2 Kill Images 2
Setup 2
AN RN
| B EE
Ready- for offline Ergo

Play Movie Bl o

) = : . 10:41 AM
P Type here to search | n LA R U
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The Display Window Anatomy

ab

Fr

OXFORD

INSTRUMENTS

Auto Z Range \

Commonly Used
Functions/ Panels

Z Range ~—

Offset inZ Range

]

Image Layer
Scroll

A TiltedPl

™ Range | 880.00 nn’
=P Offset|195.00 nm/s

< B R

ZSensorRetrace | 90.00pm
Color Bar

Auto

AmR

Commands ¥~

ColorMap | Mud | v

PhR  ZSR

AFM Channels

Z Color
Tables

¥

Parms

M| |Ex [Im| [T

ScanRate:
010 Hz

PointsLines:
912x 512

ImagingMode:
AC Mode

ImageNote:
Date:
Jul g, 2020
1:31 PM

AOffset:
0 nm

Yoffset:
0 nm

Select Parms

y

Tf

Ly

Commands

Display Panel
Modify Panel
Analyze Panel

List Panel

Extract Layer

Insert Layer

Delete Layer

Show Mote

Image Mame -- Show
Change User Mames
Save Image

Save As ..,

Save Then Kill Image
Kill Image

Data TIFF

TIFF Export 1x

TIFF Export 2x

TIFF export 4x

ASCI Export

Export to Layout
Set Layout Mote Fields

MNanclndenter Tip Area Func

Crop Image

Help
Classic Appearance
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The Display Window Anatomy QXrQRD

Ng %

File Edit Data Analysis Macros Windows Graph Misc Help AFM Analysis

Programming  User Settings

By

Range 1.00pm |3 [cColorBar | Commands ¥
Offset | 195.00 nr |5 Auto | ColorMap | Mud | v

HtR AmR PhR ZSR

>

Play Movie

Ready- for offline Ergo
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I ﬂ ‘ The Analysis Panel

OXFORD

INSTRUMENTS

Roughness SubTab- Stats on Roughness values
Section SubTab-all things Line Sections
Histogram Sub tab- creates histograms of data pixels

Particle Analysis- counts shapes relative to a threshold masking plane.
-Author File upon request

- https://youtu.be/S) bj7picafrr\

Particle Analysis on Asylum Research AFMs

* Analyze Panel EI'E‘@
Roughness Section Histogram Particle Analysis
AlZO3_fibers | ZSenserRetrace | 5.00um
Calculate Roughness ?
Mask Make | Reset ?
Box Size | 1.00 um = 7
XY (11 ?
B  YOffset|50000nm |3 S ?
[ ] X Offset|500.00nm |3 ?
Stats Full Image Masked Image ?
Sdev[Rag] [38686nm | [9.241nm ] 7
Adev[Ra] [25.430nm | [7.200nm | ?
Max [182.621nm | [30.505nm | ?
Min [-35.879nm | [-35.879nm | 7
Avg [0.000 m | [-14.366 nm | ?
Skew  [222 | [0.666 | 7
Kurt [3.07 | [2.22 | 7
Percent [100.0% | [26.29% | 7
Area [264pm* | [21.9um® | 7
Area%  [4.295% | [1.896% | ?
Volume [om® | [031pm® | ?
Export Roughness ?
Roughness Panel Setup ?
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https://youtu.be/SJbj7picaI0

INSTRUMENTS

I ﬂ ‘ The Analysis Panel OXFORD

Section SubTab. # Analyze Panel e Iﬁl ® Analyze Panel e [ = T rse™
. . . . Roughness Section Histogram Particle Analysis Roughness Section Histogram Particle Analysis
-Linear Line sections (offline & m m
. ARO3 fibers | ZSensorRetrace | 5.00pm Al203 fibers | Z5ensorRetrace | 5.00pm
real time) | | | |
- Make Graph [ Include RealTime ? [] Global Histogram D ?
-Free Hand Line Sections (Offline Color | [~ 5 [ Exclude Mask Points ?
Only) Mode | Line |~ Draw Clear ? Make Mew Histogram =
. . [ lAngle [13° = Full  Width |0 P = ? Close All 2
-Averaglng Ilnes Histogram Panel Setup ?
-Defined angle sections % 0pm %0 pm 2
) ) ) Y [6.01 ym Y [6.01 um 2
-Display multiple sections 7 41748 pm Z 41748 pm . ]
Calculates]: 80 pm . Histogram SubTab:
i 'a culd _es '€ cursor ay |0 pm ? -Display histogram data channel
differentials 4z 0nm 7
dXY |0 pm 7 -Overlay multiple histograms
Surface Dist 0nm Ik 7
Slope nan nm/m ? -Slmple blnnlng& flttlng
Angle nan ® ?
Export Table ?
Section Panel Setup 2
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I m ‘ The Modify Panel OF@RD

* Modify Panel || B ||

Flatten subTab- Controlsall flattening
Flatten Planefit Erase Mask Filter FFT History Prefs

Planefit subTab- Controlsall Planefitting m

ARO3_fibers | Z5enzsorRetrace | 5.00pm

Erase Sub tab- Erase lines here. Ol clobal Fiatien G ,
Mask subTab- mask layersto include or exclude datain Flatten ?
some processing calculation Flatten Order 0 v ?
Offset Uses: (O Mask (@ All 2

. Exclude Points ?

General Precautions: nclude Points .
Try to keep modifications to lower order Reset Hlask 2
lst Undo Flatten 7

processes (O’ )' Restore Layer ?
Masking features will be the differentiator Ulira Restore Layer ?
Flatten Panel Setup ?
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Image 1: Flattening & PlaneFit

Raw Data
Py TiltedPlane :7“> S0.U0Lr

Range |880.00nm3| [ ColorBar Commands v 3D |Ly A
Offset | 195.00 nr/s Auto | ColorMap Mud | v

= = HtR AmR PhR ZSR ZSRm0

ADev:178.876nm

~ Processed Result - - =

Range [100.00 nm|3) [ ColorBar | Commands ¥ 3D Ly A
L [m

= Auto | ColorMap | Mud | v
Offset 0 pm = -

= = HtR AmR PhR ZSR ZSRm0

s sectons e fite Sections e e
Take 2 “Snap SNor of aciive Irace and append lo URRS graah Saction Cantrals Take a“Snap Shot of actue race and append to upper raph SRS
[CItegond >
Rename egen Eait copytoLavout | g Fenams | Cliegend =5 Copyto Layout Q
600
20
400
3 10
5 200
k4 5 o
0 5
4 10
-200
r T T T T T T 20
0 20 40 60 80 100 120
pm 30 nm
T T T T T T T
0 20 40 50 80 100 120
pm

File: TiltedPlane
DataType: ZSensorRetrace
Date: 2020-07-06
ImageNote:

ImagingMode: AC Mode
ScanlLines: 512
ScanPoints: 512
ScanRate: 0.10 Hz
ScanSize: 90.00 um

Time: 1:31:27 PM
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‘ The Modify Panel

OXFORD

INSTRUMENTS

B Modify Panel

Flatten Planefit Erase Mask

AlZO3_fibers | ZSensorRetrace | 5.00pum
[] Global Planefit | O

X ¥ XY

Planefit Order 1 ~
Offset Uses: (O Mask (@) Al
Exclude Points

Include Paoints

Reset Mask

Copy Plane '~

Subtract Stored Plane
Undo Planefit
Restore Layer

Ultra Restore Layer

Planefit Panel Setup

Plane Fitting-
0,1storder.
Mask or full image

Masking-

-Many approaches
-Erode/ Dilate Mask
-Copy/ paste Masks

" Modify Panel

o] o == |

Flatten Planefit Erase

Mask Filter FFT

Al203_fibers | ZSensorRetrace | 5.00pm

[JclobalMask D

Calc Mask
Calc Method
Threshold | 3051 nm

(] Range | 100.00 nm
Inverse

Manual ~

A k| Ak

Erode Mask Dilate Mask

Exclude Points Include Points

Reset Mask
Copy Mask |+ Paste Mask '~
Mask Panel Setup

Batch Mask

Mask Transparency |:|

History Prefs

Inverse Mask

This flips the mask so that excluded points become the

included points.

© Oxford Instruments 2021
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Processing Considerations

Keep processing to minimum
Sometimes Image Processing is a necessary evil
Offers more variables and potential artifacts into image after processing

Why Use it?- sometimes need to isolate part of image

-Planefitting less invasive than Flatten

-Try to keep processing orders ‘smaller’- 0 & 1 order

-Use masking for excluding processing artifacts

-Avoid filtering and erasing lines

-only use processing when it makes your measurement better

© Oxford Instruments 2021 13



Some things you could do instead of image processing

Select a different image from your imaging session

Make sure your sample is free of particles to avoid transients

Try a different scan rate; tap harder (amplitude)

Thermally equilibrate the AFM after loading the sample;

Protect the tip and sample from air currents inside the acoustic hood

Avoid using the first image after engaging on the surface (particularly bad for the Height
channel)

Consider using the most stable AFM you can

Not always possible! Sometimes the cost in time and/or
money is too great.

© Oxford Instruments 2021 14



aneFitting (XY): Order Examples

600 1000

400

pm

RAW

200 400

200

3RD

pm

THIRD ¥
ZERO

400

200

FIRST -

200

0 e
400
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PlaneFitting (XY): Order Examples Y S OXFORD I
0 order 1storder 2" Order 3 Order
| 1
| -
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Image 1: Flattening & PlaneFit

[

File Edit Data A

Macros Windows Graph Misc Help AFM Analysis Programming

P A |9 = | Roughness Section Histogram Particle Analysis

Range 880.00 nms Color Bar Commands ¥ TittedPlane | ZSensorRetrace | 90.00um Ei
?

Offset | 195.00 nir & Auto | Colorkap Mud |~ Make Graph [ include RealTime

HR  AmR PhR  ZSR Color || v
Mode | Free Hand | v Clear

Edit Width 0P

X|7.14uym X|7.14pm
Y |9.86 ym Y |9.86 ym
Z -17.05nm Z -17.05nm
dX 0pm
dY 0pm
dZ 0nm
dxy |0 pm
Surface Dist. 0 nm
Slope nan nm/m
Angle nan°®

(== ]==]

Flatten Planefit Erase Mask Filter FFT History Prefs

TitedPlane | ZSensorRetrace | 90.00um’

[] Global Planefit | D
x| ]
Planefit Order 1 ¥
Offset Uses: O Mask @ All

Exclude Points

Include Points
Reset Mask
Copy Plane '~
Subtract Stored Plane

Undo Planefit

LY Restore Layer
’ Ultra Restore Layer
Planefit Panel Setup

PI d y M OV| e ; Ready- for offline Ergo
|
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Image 2: Al203 Fibers

OXFORD

INSTRUMENTS

Recipe:

1) Manual Mask (12.71nm)

2) Dilate (1x)

3) 15t order ®Mask Planefit

4) 0 or 1storder ® Mask flatten

{1 AI203 fibers | HeightRetrace | 5.00um (===
Range [150.00 nn3 ColorBar | Commands ~ 3D by [A
Offset |-374.00 nr s Auto ColorMap ~ l[; g‘r
> HR AmR PhR ZSR  ZSRm0
5 »

Calc Method Manual
Threshold | 12.71 nm

[JRange 100.00 nm
Inverse

Alv] [4]w

o

um

-420

440

um

Erode Mask Dilate Mask
s AI203 fibers | ZSensorRetraceMod0 | 5 [E=E=]
Range 500nm & [ ColorBar | Commands v 3D L A
Offset 0 pm S Auto | ColorMap| Mud | v :; b':lr
> HtR AmR PhR ZSR ZSRm0
5 >
nm
4
2
3 1
£
e 1o
0
2
-1
1
-2

pm

B Sections (== =]
Take a "3nap Shot" of active trace and append to upper graph Section Controls
Rename [ Legend Edit Copy to Layout 9
140 nm
120
100 L
=]
2 80+
@
]
g0 o
40
20
0!
[ T T = T T T
0 1 2 3 4 5
pm
{) A: SectionWaveY I pnt: 185 X: 18106208 Y: 10038207 | dX: 5.5786e07
[71 B: SectionWaveY pnt: 242 X 23685608  Y:75023e11 | dV:-1.0028=07

Stats Full Image

Masked Image

Sdev[Ral [39.366 nm

| [374.052 pm |

Adev[Ra] |[26.450 nm

| [273.351pm |

Max [201.104nm | [3714nm |
Min (1537 nm | [(1537nm |
Avg [15.846 nm | [318.889zm |
Skew [2.39 | [1.56 |
Kurt [434 | [107 |
Percent [100.0% | [82.9% |
Area [261pum* | [206pm® ]
Area%  [4.224% | [0.07547% |
Volume [0.4 pm?® | [0.0066 nm* |

© Oxford Instruments 2021
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Image 2: Al203 Fibers QXFQRD

]

File Edit Data Analysis

Macros  Windows Graph Misc Help AFM Analysis  Programming  User Settings

B - - (===
Range | 72.00 nm ColorBar | Commands ~
Offset |0 pm Auto | Colorlap | Mud | ~

= HtR AmR PhR ISR
5

>

PI ay M OV| e 7 | Ready- for offline Ergo
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I m ‘AngIe 3D Rendering QXFORD

Use specular lighting to monitor processing changes

¥ Master ArGL Panel = B

New  Display  Axes  View  Lights  Prefs  Windows Before

Mollas_sampleZSAm0

?

R
View Mode | Zoom |~ ?

Zoom Factor | 1.00 ?

Ak 4k

£ 5cale 0.00

Fix Aspect 1 »- -

CTRL + Left Mouse: Hold and drag OR use Mouse Whe B

ArGLYiew Panel Setup ?

HotKeys:

Left Mouse + Cursor- rotate light
Right Mouse + Cursor: rotate sample
Ctrl+cursor: Zoom

Shift + cursor: Move image around

© Oxford Instruments 2021 22



Hm

ARgyle 4D Rendering

Menu: AFM Analysis = 3D Surface Plots

®  Master ArGL Panel

= B (S| 0 2 4 6 8 10 pm

MNew Display Axes WView

Surface | Mollas_sample | ~

Lights Prefs Windows

DataType | ZSensorRetraceMod0 |

Color | Mollas_sample | ~ DataType | PhaseRetraceMod0 | ~ 14650
Export to Layout Dolt
ArGLMew Panel Setup 7325
0.000
Topography AC Phase
-7.325
200
-14 650
100
0
100
-200
0 2 4 . 6 8 10 : ! i e ! 3
© Oxford Instruments 2021 https://www.youtube.com/watch?v=s3B_vOEij70 23



Image 3: Molla’s Sample

OXFORD

INSTRUMENTS

Recipe:
P Mollass (e =]f=] .
Range  68.00 nm |5 M color Bar Commands ¥ 3D Ly A 1)Mag|C MaSk (2.66” m)
Onsetlopm _Ji - NESR  Coksier) Mud 5 o 2) Dilate Mask Stats Full Image Masked Image
2 HtR AmR PhR ZSR
” » | 3) 1stOrder Flat Sdev([Rq] [37.236 nm || [346.147 pm |
6 Adev[Ra] [26513nm || [255.217 pm |
8 . 8 O Max [280413nm || (11896 nm |
6 2 Min -1.826 nm |} [-1.826 nm |
E . 6 AV [17201 nom || [71053zm |
0
y . 3 Skew  [2.28 | (267 |
: ) Kurt [5.01 | [59.2 |
3 2 . Percent  [100.0% || [59.1% |
0
0 2 4 6 8 10 " Area |'1|:|4-.E um? | |E?.3 pm® |
pm
- 0 Area% [4758% || [0.005431% |
o ~ @ . Volume [17 ym® | 0.005 nm* |
Free Hand Section
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Image 3: Molla Sample QXFQRD

i
File Edit Data Analysis Macres Windows Graph Misc Help AFM Analysis  Programming  User Settings
B [eTE]=]

Range [68.00nm [ 4 ColorBar | Commends ~ 30 vl (A
L

Offset | 0 pm g Aute | ColorMap | Mud | v

>

Play Movie

Ready- for offline Ergo
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Flattening Conveniences

Magic Mask Flatten Only Histogram Flatten Only

10 10

400 400

2D Z Sensor
Retrace image

200 200

£
=

um

S
o

-200 -200

N

-400 -400

Q50 pm

Argyle 3D
Rendering
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Image 4: MoS2

OXFORD

INSTRUMENTS

lterative Manual Masking/ 15t Order Flat cycle (3)

{ MoS20002 #1 | ZSensorRetrace | 2.00um [oE =
Range [20.00nm |§ M cColorBar | Commands ¥ 3D Ly A
Ll [m
& ColorMap | Mud | v
Offset | 0 pm Auto olorhiap | Mu 5 =
= = HR AmR PhR ZSR  ZSRm0 o
20 2
nm
— 10
15
B 5
E 10
0
05 .
-10

0.0

& Modify Panel =] @ [
Flatten Planefit Erase Mask Filter FFT History Prefs

IMDSZDU-DZ #1 | ZSensorRetraceMod0 | Z2.00pm
[]Global Mask D ?
Calc Mask Batch Mask &
Calc Method Manual v e
Threshold 847 .46 pm |5 ?
[JRange |150.00 nm |3 B
Inverse ?
Erode Mask Dilate Mask e

Exclude Paoints Include Points

Mask Transparency l:‘

Raw Z Topo

© Oxford Instruments 2021

Reset Mask ?
Copy Mask |~ Paste Mask |~ Z
Mask Panel Setup ?
" Modify Panel o & ==
Flatten Planefit Erase Mask Filter FFT History Prefs
IMDSZDDDZ#1 | ZSensorRetraceMod0 | 2.00pm .
[] Global Execute | D z
Restore Prior to Execute ?
™ Flatten1,Manual Mask v

™ Flatten1,Manual Mask
™ Flatten1 Manual Mask
™ Flatten1,Custom Mask
™ PlaneFitxXY1,Custom Mask

UndoPlaneFit Restore layer ?

Copy Set| Current Layer |~ ?

Execute ?

Histary Panel Setup ?

{ MoS20002ZSRm0Disp

=S

Rename Plot [+1 Show Legend Remove Histogram Fit |v
[ Link Bin Sizes = e
I e | Laussian |~
Select Histogram | MoS20002ZSRmaDisp | ~ 0 200 400 EO0 800 1000 i 1
1 1 1 1 1 Scale |0 =
Reorder: P el LITTETE Q . Mean | 0 nm =
Down STD |0 nm 2
30007 [— Wos200022SRmODisp|
2500
2000
1500
1000
500
0 T T T T T T
-2 0 2 4 3 10
nm
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Image 4: MoS2 QXrQRD

4

File Edit Data Analysis Macros Windows Panel Misc AFM Analysis Programming UserSettings  Help

B

Range | 10.00 nm [ ColorBar | Commands ~
Offset | 1.50 nm Auto ~ ColorMap Mud | v

HtR AmR PhR ZSR

[e]®[=]

Flatten Planefit Erase Mask Filter FFT History Prefs

[Xe_MoS20002 | ZSensorRetrace | 2.00ym m

[ Global Fiatten | D
Flatten
Flatten Order 1
Offset Uses: @ Mask O Al
Exclude Points
Include Points
Reset Mask
Undo Flatten
Restore Layer
Ultra Restore Layer

Flatten Panel Setup

>

Play Movie al

Ready- for offline Ergo
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Image 5: Calibration Grating

Flatten
Flatten Order Magic Mask [Pits) e
Offset Uses: () Mask (@ All

Q& NS_grid | ZSensorRetrace | 36.90um || =)
Range | 260.00 nm|s ColorBar | Commands ~ 3D v A
£ M
o Auty ColorMap | Mud | v
Offset | 0 pm uto 5 B
= = HR  AmR PhR ZSR ZSRm0
»
nm
100
50
£
=8
0
-50
-100

A NS_grid | ZSensorRetraceMod0 | 36.90um

Range 240.00nm|: [ ColorBar | Commands v 30 [y [A
Offset 0 pm o Auto | ColorMap | Mud | v

= = HtR AmR PhR ZSR ZSRm0

35

30

25

20

um

15 20 25 30 35
um

50

-50

-100

0

40

Before

After

[& Sections

Take a “Snap Shot” of active trace and append to upper graph

Rename

Section Controls

Copy to Layout 6

[ Legend Edit

=S B =

um
10 20 30
1 1 1

=]

=1

=l

3
|

Z Sensor Height

L

=}

=}
|

© Oxford Instruments 2021
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Image 5: Calibration Gratin

[

File Edit Data Anal

e

Range | 190.00 nm5|
Offset| 0 pm G

HtR

>

Play Movie

ColorBar | Commands ¥

Auto

AmR

Colortap Mud | v

Graph Misc

Help

3D

Ready- for offline Ergo

|NS_grid | ZSensorRetrace | 36.90um
Make Graph [JInclude RealTime

Color [ v
Mode | Line | v Draw Clear
[JAngle (449° & [JFull Width 0nm

X1890.13nm X[890.13 nm
Y 26.67 ym Y |26.67 ym
Z -109.19 nm Z -109.19nm
dX |0 pm
dY 0pm
dZ 0nm
dXY |0 pm
Surface Dist. 0nm
Slope nan nm/m
Angle nan*

Export Table
Section Panel Setup

Roughness Section Histogram Particle Analysis

ad

Flatten Planefit Erase Mask Filter FFT History

NS_grid | ZSensorRetrace | 36.90ym m

[ Global Flatten 'D 2
Flatten
Flatten Order Magic Mask (Pits)
Offset Uses: OMask @Al
Exclude Points
Include Points
Reset Mask
Undo Flatten
Restore Layer
Ultra Restore Layer

Flatten Panel Setup

Prefs

© Oxford Instruments 2021
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Image 5: Erasing lines

Range | 240.00 nrr|s
Offset |0 pm =

Color Bar

{1 NS_grid | ZSensorRetraceMod0 | 36.90um oo s
Commands v 3D Ly A
Auto = ColorMap | Mud | v L M
D Fr

HtR

AmR PhR

ZSR ZSRm0

By

Expand

& J Horiz Expand
‘ Vert Expand

Shrink

Horiz Shrink
Vert Shrink

ZoomZoom [6.82 pm]
Nice ZoomZoom [7.00 ym]
[edit] ZoomZoom

Fix Scale

Fix All Scales

Smart Expand [6.82 pm x 6.82 pm]
Make Mask

I

NS_grid | ZSensorRetraceMod0 | 36.90um

Range 240.00 n3l £ ColorBar | Commands 30 [ (A
L M

Ofiset 0pm |3 Auto | Colortiap| Mud |-
: o [Fr

HtR AmR PhR ZSR ZSRm0

=8 EoR )

= = 3
Flatten Planefit Erase Mask Filter FFT History Prefs
™5
NS_grid | ZSensorRetraceModd | 35.90pm ;i
Draw Lines &
Line Width |1 = ?
Erase Lines ?
Clear Lines &
Undo Erase ?
Restore Layer ?
Ultra Restore Layer ?
Erase Panel Setup ?
s NS_grid | ZSensorRetraceMod0 | 36.90um =0

Range |240.00 s ColorBar | Commands ¥ 3o [y (A
Ll [m

ff B Auto | ColorMap Mud |~
Offset| 0 pm 5 =

HtR AmR PhR ZSR ZSRm0

© Oxford Instruments 2021
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Image 6: PMMA on Au Step Height

INSTRUMENTS I

15 CH_polymer | ZSensorRetrace | 2100um

Range [15000nms [ ColorBar  Commands » 30 Ly A
L L)

m s Auto  Colorilep Mud v~
onset 0 5 &

AT AR AT AR PIT PR PR 25T 2SR  PIRm) ZSRm0

i Sections
Take a“Snap Shot" of active trace and append to upper graph Section Controls
Rename | [JLegend Edit Copy to Layout 9

ZSensor

304

pm

Build Include Points Mask on
Phase; Copy Mask

T CH_scprver | PhaselRemace | 2108w

Rae 970° & Clcownw Cewwhe 0 L A
o 3 s Comse veimomgeyeon 0 & M
ome o % S~ oereon T L
AT AR AT AR ROPR T 2R PRM 28

10

Paste Mask on ZSR, 15t order
Planefit XY.

$ CH_polymer | ZSensorRetraceModO | 20.00um
Range |150.00 n % ColorBar | Commands ~ o Iy N
Offset|27.50 nm |3 Auto | Colorkap Mud v

pm

[E=3 KR =)

- AT AR AT AR PIT PR PR ZST ZSR PIRm0  ZSRm0 o

100

80

60

40

20

-20

40

B
Ruge Swom s Dcuorsar [Gwndsw] B U A
: Cotmti Mud ]
omuopm 5 | Am Gt g LW
AT AR AT AR P PR PR ST
10
s
§ ®
4
324
0
0 5
m

m

& Sections

Take a"Snap Shot” of active trace and append to upper graph

Section Controls
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Image 6: PMMA on Au Step Height QOXFORD

INSTRUMENTS

o ; —

File Edit Data Anal

Macros Windows Graph Misc Help AFM Analysis Programming User Settings

(N =

B Retra EEr=]
Range | 57.00 nm |5 ColorBar | Commands v
Offset |0 S Aut Coloriap Mud | v | CH_polymer | ZSensorRetrace | 20.00ym m
set 0 pm uto !

Make Graph [Jinclude RealTime

Color |l v
Mode | Line | v Draw Clear
[JAngle [134° & [JFull Width OP

X 421um X|421pm
Y|0pm Y|0pm
Z 72494nm Z 72494 nm
0pm
0pm
0nm
0pm
Surface Dist: 0nm

Roughness Section Histogram Particle Analysis

A2T AR P1T

Slope nan nm/m
Angle nan*

Export Table

Section Panel Setup

Flatten Planefit Erase Mask Filter FFT History Prefs
CH_polymer | ZSensorRetrace | 20.00pm
[] Global Flatten D
Flatten
Flatten Order 1
Offset Uses: @ Mask O All
Exclude Points

Include Points

Reset Mask

LEEN Undo Flatten

’ Restore Layer
LI Ultra Restore Layer

Flatten Panel Setup

Play Movie

Ready- for offline Ergo




Image 7: RF’s Challenge Sample QR

{0 RF_Challen ge flatteni | ZSensorRetrace 1 10.00um ol = Dy RF_Challenge flatteni | ZSensorRetraceMod0 | 10.00um EE=]
Range [69.00 nm |3 lor B: Lyl (A Range | 19.00 nm |3 Cal nds ~ 3 v [A

No idea what the Challenge samples material.

> HtR AmR PhR ZSR

-’Magic Mask Flatten’ fails

-Above & below substrate features give standard
processing some artefacts.

-Make (subjective) mask with slider bar to include
the higher features, then iteratively exclude areas
created with freehand tool under ‘exclude points’
operation.

© Oxford Instruments 2021 34



mage 7: RF’s Challenge Sample

4

File Edit Data y v s Graph Misc Help AFM Contr

Programming  User Settings

==

Range  69.00 nm ColorBar | Commands v 3D
Flatten Planefit Erase Mask Filter History Prefs

| X7_RF_Challenge_flatt | ZSensorRetrace | 10.00um

Offset| 0 pm Auto | ColorMap Mud | v
HR AmR PhR  ZSR O] GlobalMask  [D
Calc Mask Batch Mask
Calc Method Manual v
Threshold 6.10 nm
[JRange 100.00 nm |
Inverse
Erode Mask Dilate Mask

i
Exclude Points Include Points | ask Transparency [

Reset Mask

Copy Mask | Paste Mask v
Roughness Section Histogram Particle Analysis

Mask Panel Setup
X7_RF_Challenge_flatt | ZSensorRetrace | 10.00pm |

[] Global Histogram D

[ Exclude Mask Points

Make New Histogram
Close All

Histogram Panel Setup

=@ =

New Display =~ Axes View Lights Prefs Windows

O
[ Turn Off Lights
Color []|~
M shiny  Factor |50.00% |
ArGLLight Panel Setup
1§ m .
>
LI

Ready- for offline

Play Movie
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Take-home messages

AFM is for measurements

Think about what measurement you want to make
* Have you defined completely what the measurementis?
* Have you considered the factors that affect it?

Use ZSensor, not Height, for Z in most cases
Be aware of how processing affects your measurement
Do the least damage possible to your data

Planefit modifies the whole image at once
* Good for slope, form, bow

Flatten modifies each line separately
* More destructive than planefit
* Sometimes necessary to correct stuff that happened in the time-domain
*When comparing two images, use the same processing.
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