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Introduction Introduction

Introduction

The MFP-3D Atomic Force Microscope (SPM) manual comes imivis. To date these volumes
are:

Part | Basic Operation Guide and Tutorial3his part has detailed step by step tutorials on how to
image basic sample topography in air and fluid. If you do navkmhich part of the user guide is
for you, this is probably it.

Part Il Advanced Imaging and Accessoridsis part covers the use of advanced hardware acces-
sories such as fluid cells and sample heaters.

Part Ill System Safety, Specifications, Set-Up, and Relocafidnis part covers placement and
set-up of the instrument, essential safety information, mpping/packing instructions.

AR Software Version It is assumed that AR Software version 13 or later is ingfatb@ your
system. To download the latest software, please registeurasupport sitehttp://support.
asylumresearch.com.

Getting Help There are many ways to get help with your Asylum Researchumsnt, and it is
always free:

« Join the support site and download software, current manaad ask questions in our user
forum. http://support.asylumresearch.com. Note that all Asylum scientists are forum
members and frequent contributors.

* E-mail us atsupport@asylumresearch.com
 Call your local office or distributor.

e Call us at +1-805-696-6466. During US west coast businessshyou will get a human being
to speak with. After hours you still have a good chance oflgatz one of our scientists.
Within the US you can call our toll free number if you wish (883472-2795).

* If necessary we can initiate a remote session and have ang stientists operate your AFM
over the internet.

Updates to the Manual Bundled with the software updates.

PDF reader setup

This document makes frequent use of links from one secti@amaoher. This reduces repetition of
material, but does require some flipping back and forth. Tkenthis process easier, please make
the following adjustments to your pdf reader.
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Introduction Introduction

Adobe Reader (PC or Mac)

1/ 01_MFP3D_Guide_Ver_1081.pdf.pdf - Adobe Reader
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Add Page Navigation:
* Right click on the toolbar.
* From the pop-up menu, selegedge Navigation.
* From the sub pop-up menu sel®etvious View andNext View.

 This will place two buttons (see the arrow in the figure abawehe toolbar
which function like theBack andForward buttons on any web browser.

2. When reading a section in the manual which refers to anothge,xlick on the link to jump
to another page. When done reading, clickRhesious View arrow in the toolbar to go back
to the original page.

m 01_MFP3D_Guide_Ver_1081.pdf.pdf - Adobe Reader
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Bring up the table of contents:
* Click the icon indicated by the arrow in the figure above.
» Keep the table of contents at the left of the screen to n&itee manual.

4. Adobe Reader should remember these changes the next tirpetiram is opened.
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Introduction Introduction

Preview (Mac)
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Add Back/Forward and View buttons:
 Right click on the toolbar.
» Drag theBack/Forward andView tools into the toolbar.

e Click Done.

2. When reading a section in the manual which refers to anothge,(xlick on the link to jump
to another page. When done reading, click Baek Arrow in the toolbar to go back to the

original page.Appication

@06 '« 01_MFP3D_Guide_Ver_1081.pdf.pdf (page 1 of 44 =]
(ela](o NAN 2 ) (2] (o) (@ aEm) @ '
Zoom Move Text Select Annotate Back/Forward Crop View Search
h IIMFPSD Basic Operation Guide and Tut... SYLUM MFP-3D SPM User Guide
1 Safety Review » ESE?RCH USER GUIDE 1
2 System Overview Atomic Force Microscopes
3 Hardware and Software Power Up . .
3 . o MFP 3D Scanning Probe Microscope \
. 4 Tutorial: AC Mode Imaging in Air
C Tubnavial: Danlacina tha Fantilacar

Bring up the table of contents:
* Click the icon indicated by the arrow in the figure above.
» Keep the table of contents at the left of the screen to n&witdpe manual.

4. The Preview Application should remember these changestttdéime the program is opened.
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Part |

MFP3D Basic Operation Guide and
Tutorials

Part I: Who is it for?  After the MFP-3D AFM has been professionally installed iruytab, and

you or someone in your facility has completed the initalrirag (at the time of the installation),
this volume will be the principal reference for operating thstrument. Although this volume is
written with the novice user in mind, experienced users Ehoomplete the basic imaging tutorial

at least once before attempting to use the MFP-3D.
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Ch. 1. Safety Review

1. Safety Review

CHAPTERREV. 1576,DATED 08/28/2013, 12:12. BERGUIDE REV. 1590,DATED 08/30/2013, 12:47.

It is recommended that everyone who uses the MFP-3D AFM @egbter 11 on page 128 least
once. As a reminder, here are the important points:

e The AFM head contains a laser-like SLD light source. Thhtlig in the near infrared so you
cannot see it with your eye, and your blink reflex will not greityou. The beam is diverging,
so it is only intense enough if viewed though an appropriadégmifier (an unlikely event)
or if your eye is brought very close to the location of the demr (also an unlikely event).
The head contains tilt switches which turn the light sourd @ is not standing upright on
its legs. So in general, the light is a relatively weak andejing beam which is only on
when the head is in a level position, with the beam shiningrdeard.

* The AFM’'s XYZ piezos operate on voltages up to 1652y and with sufficient current to
be harmful to human life. Note that the cables connectingctirdroller to the base and
the head and scanner to the base carry these voltages. Ddnobtgr cut these cables.
Turn off the controller before disconnecting any of theskles It is safest to plug them
all in and then turn on the controller. Also do not remove aoyecs from the controller or
other instrument components while the controller is turoeadr plugged into an AC outlet.
Dangerous voltages are exposed with the covers removed.

« Respect the weight of the AFM head as you handle it, themmalghodel heads weighs 14
pounds, and can be difficult to lift with one hand. Get a goad gn the head with both
hands when removing it or carrying it around. If dropped onnfeand or foot (even from a
small height) it could cause injury.

In a nutshell, this is an industrial/scientific researchdgranstrument. While it is quite safe, even
compared to an electric drill or home cooking stove, theeeadliew possible dangers of which the
user should always be aware.
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Ch. 2. System Overview

2. System Overview

CHAPTERREV. 1587,DATED 08/30/2013, 11:42. BERGUIDE REV. 1590,DATED 08/30/2013, 12:47.

Chapter Contents

2.1 BasicMFP-3D SAHardware . . . . . . . . . . . . e e 5
2.1.1  Major Hardware Components . . . . . . . . v v v v e e e e e e 5
212 AFMHead Controls . . . . . . . . e 7
2.1.3 AFMBase Controls and Components . . . . . . . .« v v v v v v e 7

This section will establish names for the various parts afrydFM system. The system should
have been set up, connected, and tested by an Asylum Reseaotist. For more information on
troubleshooting any connections, please refeZhapter 6 on page 54

2.1. Basic MFP-3D SA Hardware

2.1.1. Major Hardware Components

The MFP-3D Stand Alone (SA) AFM system and its various congods are shown iffigure 2.1
on page 6and explained briefly (in alphabetical order) below:

Acoustic Enclosure  Also called “the hood”. A heavy steel chamber with specialstic damping
materials and vibration isolating pads under the legs. Kéapnoise and vibrations from affecting
high resolution AFM images. Also shields the instrumentrfrair currents which degrade imaging
stability. The typical lab will require an acoustic encloswo get the best performance out of the
MFP-3D AFM.

AFM The parts sitting inside the enclosure are typically reféto as the AFM. The main compo-
nents are, from top to bottom (also degure 2.2b on page)7

Head The AFM component which holds the cantilever chip and costtie optical lever detection
system, and electronics and the vertical (Z) motion actuabal sensor. In short, it moves the
cantilever vertically as the sample moves laterally bdngatt also contains optics for illuminating
and optically imaging the sample and cantilever from above.

Scanner The AFM component which holds the sample and scans it |@raX and Y beneath
the tip. It contains piezoelectric actuators, flexure basaaslations stages, and high resolution
position sensors.

Base The metal plate on which the head and scanner sit. It typicalhtains a rudimentary optical
microscope with CCD cameras and sample illumination césfoy optically viewing the sample
and cantilever. It also contains critical signal conditimnelectronics for the scanner and acts as
the electronic hub for connecting the controller to the searand head and it routes CCD output
to the computer.

SYLUM
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Ch. 2. System Overview Sec. 2.1. Basic MFP-3D SA Hardware

Acoustic Enclosure

AFM
Head Stand

Controller

R

\ Vibration Isolation

Computer :

Figure 2.1.: Ideally the MFP-3D AFM with Stand Alone Base is set up as shown, with the controller
and computer on one table and the AFM inside an acoustic enclosure. Note that newer systems
operate with the ARC2 controller (see ?? on page ?7?).

Computer The computer is the primary interface for controlling therascope and its main com-
munication is via a USB1.1 connection to the ARC2.

Controller The controller houses power supplies and the necessatyogles for controlling the
scan motion and acquiring image data from the microscopeur ¥t-P-3D AFM system wiill
be equipped with a black MFP-3D AFM controller or the newer@&RSPM controller (se€ig-
ure 2.2a on page)7Either will work identically with the AFM and Software digssed in this user
guide.

Fiber Lite Halogen dimming light source with fiber optic light guide. r@ects to the base and
illuminates the sample for optical viewing.

Head Stand Platform attached to the side of the acoustic enclosure. aBepto store the head
when loading samples or changing cantilevers. The reardetg® head should be placed in the
two holes at the back of the head stand.

Vibration Isolation ~ Typically an active vibration isolation table and occasina passive vibra-
tion isolation platform. In most labs this is essential @guent for high resolution imaging.

Q SAor“Stand Alone”, what does that mean?

A “Stand Alone” refers to the optical microscope on which tHeMAhead and scanner rest.
In this case it is a compact, purpose-built microscope a#armed to as the “Stand Alone
Base”. The other option is a third party (Olympus, Nikon, s&giinverted optical (I10)
microscope with a custom Asylum Research Base plate mowrtédp to support the
AFM head and scanner. That custom base plate is typicallgccdihe 10 base (10 =
Inverted Optical). So the 10 Base is designed to go with an I&@ascope while the Stand
Alone base, well, stands alone.

SYLUM

ESEARCH
an Oxford Instruments company Support.asylumresearch.com Page 6



Ch. 2. System Overview Sec. 2.1. Basic MFP-3D SA Hardware

Head
; Scanner

Base

(a) Newer MFP-3D systems ship with the ARC2 (b) Basic AFM Components
controller

Figure 2.2.: Some Instrument Details and Names.

2.1.2. AFM Head Controls

The controls on the AFM head are as follows, in alphabeticd¢io(Sed-igure 2.3 on page)8

Front leg thumb wheel Clockwise motion lengthens the leg and raises the cantilaned head
away from the sample. Also changes the level (pitch) of treelhe

LDX thumb wheel Moves the laser spot along the length of the cantilever. @oalockwise ro-
tation moves the spot from the cantilever base to the tipp@isated by the graphic on top of the
head.

LDY thumb wheel Moves the laser spot perpendicular to the length of the leasti Counter-
clockwise rotation moves the spot as indicated by the gcaphitop of the head.

PD thumb wheel Centers the reflected beam on the head'’s photo diode det&bisiis also known
as “zero-ing the cantilever deflection”.

Rear leg thumb wheels Clockwise motion lengthens each leg and raises the caatikvd head
away from the sample. Can change the level (roll) of the head.

Top view objective focus wheel ~ Focuses the top view optical image of the cantilever or sampl

XY mirror movement  Translates the top view optical image of the cantilever anda.

2.1.3. AFM Base Controls and Components

The controls and features on SA base are as follows f&gee 2.4 on page)9

Aperture Diaphragm A knurled metal ring around the entry point of the optical fiblemination.
Controls the amount of light that enters the base. Used foistidg contrast and light intensity.

SYLUM
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Ch. 2. System Overview Sec. 2.1. Basic MFP-3D SA Hardware

Laser ON LED PD photodiode Chip side
positioning Rear Leg

LDY moves laser
across cantilever

XY Mirror

Top view
objective focus

Front Leg _
LDX move laser Lever side

along cantilever Rear Leg

Figure 2.3.: Top view of the AFM head with named controls. Note the cantilever shape in the middle
(same orientation as the real cantilever) and the LED at the tip of this lever. The red LED lights up
when the laser is on (but not necessarily focused on the tip).

Base Plate Top surface of the SA base on which the head and scanner sit.

Bottom and Top View Field Diaphragm  Diaphragms used to enhance contrast on the top and bot-
tom view images.

Bottom View Focus A large knob which focuses the bottom view objective.

Camera Selector Directs the image from the top or bottom view objectives ® @CD camera
built into the base.

Driver Bar Pushes the scanner for XY sample alignment.

lllumination Selector  Directs illumination to the top or bottom of the sample. FHustance, top
view on an opaque sample will require top illumination, butransparent sample will require
bottom view illumination.

Leg Hole Holes in the scanner through which the legs on the head charrélse base plate.

Magnetic Sample Clamp Magnets (part number 910.004) provided with your systenmh&ding
microscope slides to the scanner top plate.

Optical Align X and Y Controls the movement of the entire base plate relativedd#se and the
bottom view microscope objective. A way to translate thditarer and sample in the field of view
of the bottom view camera.

Optics Window  Directs light and images between the base and head. Thedwapobjective is
only half a microscope. The other half resides in the base.

Sample Typically mounted on a standard microscope slide.

Sample Align X and Y Controls the lateral movement of the entire scanner. Usaddee the
sample relative to the cantilever, to select a place to image

SYLUM
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Ch. 2. System Overview Sec. 2.1. Basic MFP-3D SA Hardware

Scanner top plate Optics window  Sample Leg hole

ﬁ‘\ - Sample magnet
Jeff Wie

Base plate

Drive bar

Bottom view
focus

Optical - .
align X __ ‘ _
~ 2 | ' Sample align Y

Sample align X

Optical align ¥ Bottom view Top view field 1|lumination Camera selector
field diaphragm diaphragm selector

Figure 2.4.: Controls on the SA Base. Missing from view are (on the left) the aperture diaphragm
which is a knurled ring around the entry point of the fiber optic illumination and (on the right) a large
knob for focusing the bottom view objective.

Scanner Electromechanical scanning stage which moves the santplalls in X and Y beneath
the head and cantilever.

Scanner Top Plate Moving part of the scanner onto which samples are placed.
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Ch. 3. Hardware and Software Power Up

3. Hardware and Software Power Up

CHAPTERREV. 1586,DATED 08/30/2013, 10:33. BERGUIDE REV. 1590,DATED 08/30/2013, 12:47.

Chapter Contents

3.1 Thelgor Pro Software Environment . . . . . . . . . . . . e 12
311 MenuBar . . . . . e e e e e 13
312 StatusBar. . . . . . .. e e e e e 13

Before you start any of the following tutorials, the systemstrbe properly started up.

Before you start:  We assume you understand the aspects of running this syafety: SChap-
ter 11 on page 135

1. Turn on and enable the active vibration isolation platformder your AFM if you have it.

2. In no particular order, boot up the computer and turn on th&A8b AFM by depressing the
power switch on the front of the controller (ARC2 or MFP-3Dadet). When all is working
properly a green light should show on the face of the comroll

3. Double check that the laser key on the controller is in the @Bbitipn. Then double check
that the red LED light on top of the AFM head is on.

4. Locate the shortcut to tH&’ software on the desktop, and double click on the icon to start
the software.

System check:

 During initialization the software will not be responsiueook at the bottom
status bar for the initializing message.

5. —
Rl - | 8o
e When the software is done the status bar will say it is ready.
[ 0 | €¥foRezay Q| Frfu] G,
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Ch. 3. Hardware and Software Power Up

g
i

1.
g

il

A ) l"Reacly S0 Hmw # (o (@

System check:
< At the bottom of the software you will find the status bar.
* These areas will be described in more detailSéttion 3.1.2 on page 13
e Location 1, 2 and 5 should read Ready

« If some components are reported missing, check their atioms. Once you
have the cables secured and powered, click on the rescaB)ouftfiat does not
solve the problem, please contact support.

|5 =
b i Mode Masizr Tyl 7}

The Mode Master window:

* The software should now be showing
7. the mode master window.

* If not, click s the Mode Master button
at the bottom of the scree @ .

Topography... | ACAiIrTopography

S‘tan'da‘rd_._ ‘

8.
Select Mode:
¢ SelectStandard > Topography > ACAirTopography
* The screen will now re-arrange and present all the contretessary for this type
of AFM imaging.
SYLUM
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Ch. 3. Hardware and Software Power Up Sec. 3.1. The Igor Pro So  ftware Environment

3.1. The Igor Pro Software Environment

The Asylum Research software is primarily written withire torogramming environment of the
commercially available software package Igor Pro, whictiegeloped by WaveMetrics. Igor Pro
itself has nothing to do with scanning probe microscopeshétat is a stand alone program that has
extensive scientific graphing, data analysis, image peieg®nd macro programming capabilities.

The “Volume | - Getting Started” manual found on the Wavelbstwvebsite
(www.wavemetrics.coitakes two to three hours to complete and is an
excellent way to learn about the basic graphing and andiysctionality of
Igor Pro. Although it is not necessary to complete the Igar portion of the
“Getting Started” manual at this time, it is a highly reconmded part of all
new user training.

Tip

When you launched th@ software you opened an lgor Pro “Experiment” in which extfivgare
specific to the operation of the AFM has been loaded. An Igorepperiment is the file that saves
the state of Igor Pro.

or Panel (Gl + 5)

Sum and Deflection Meter (Gl + 6) Image Windows |mage Windows.

r Channel Panel (Gl + 7)

History Window (Gl + J)

ST T W00 tou = 9

Figure 3.1.: Typical start up screen for the Asylum Research SPM Software, after the mode master
panel has been closed. A few image panels have been left off the right of the screen, which usually
extends across the second monitor of your system.

Refer to the screen shot Figure 3.1 on page 18s we introduce the various controls and data
displays for the often used AC Mode imaging technique. Wgliclockwise from the upper left.
(Note that if you are viewing this file on a computer, you caarmanto the screen shot for a closer
look.)

Master Panel Upper left hand window (Ctrl + 5). It has five tabs with consraind data displays
for:

Main AFM imaging, seeChapter 4 on page 15

Thermal Cantilever thermal spectroscopy see the ARApplicationd&pdf, Section on spring
constant calibration.

Force Cantilever force vs distance curves.
Tune Cantilever resonance tuning, section 4.7 on page 33

SYLUM
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Fmap Maps of force vs distance curves.

Master Channel Panel (Ctrl + 7) During imaging, multiple data streams, such aghigicantilever
amplitude and phase, return from the AFM to the computers Panel contains information about
those data streams and allows for some real time scaling racegsing.

History Window (Ctrl + J) Also known as the Igor Command line window. On oamastems
executed by clicking software buttons will generate sonmpuithere. Power users will type com-
mands at the command line to accomplish a variety of advatesta. If you followed the Igor
getting started recommended in the Tip on paggou will know all about this window.

Sum and Deflection Meter  (Ctrl + 6) Also called the S&D Meter. A real time display of var
ous data such as cantilever deflection, amplitude, piezmag®| and various other user definable
channels. Also contains buttons for engaging and withdrguhe AFM tip.

Image Windows For each active channel on the Master Channel Panel, oneimilgappear on
the screen. They balloon to proper size as soon as scanairtg. sThe windows display in real
time, line by line, the sample topography (height), phasmléude, voltage, or any other measured
quantity, acquired as the sample is scanned. There is ysua such window per active tab in
the Master Channel Panel (Lower left hand window). Whileséhesindows are primarily a data
displays, right clicking with the mouse can activate vasicommands such as zoom and translate.
A white area at the bottom of this window shows you a real timecflloscope view” of the most
recent line of image data, which is very useful when tuningding feedback parameters.

Q Oops! I accidentally closed one of the control panel windasw do | get it back?

A You can re-activate the panels Vi@&M Controlsin the menu bar.

Q How do I get the mode master panelappear again?

A Click on the on: @ button near the bottom of the screen. When you select a neve,mad
the appropriate windows will appear and the SPM controllér ne-configure itself ac-
cordingly.

3.1.1. Menu Bar

Along the top of the screen. There are many more controlsiwtan be invoked by items in the
menu bar. Menu items to the left are typically standard Igoriftms, with some Asylum Research
functionality. Items to the right of the help menu are exslely AFM related.

3.1.2. Status Bar

E»
®@ e\. ® ®
e A oo Ema| o]
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Ch. 3. Hardware and Software Power Up Sec. 3.1. The Igor Pro So  ftware Environment

Along the bottom of the screen. Icon controls relate to thaustof connected instrument compo-
nents. The low level software version is also displayed.

While we do not want to get bogged down with the details of hese controls, it is good to have
a basic grasp.

1 Igor Pro Status If Igor is ready to accept a software request from you, it géll Ready. If it is
busy calculating it will show an Abort Button and a rotatingagtered circle.

2 System Status If you are missing hardware, or there is a critical errorhiivss up here.

3 Rescan Smarstart Bus  Click when adding new components to the system (heaterretift
cantilever holders, etc.).

4 Device Manager Click on this gear icon to see what components are commumicatith the
controller. Furthermore, individual information (tematire, serial number, etc.) on each compo-
nent can be accessed by clicking the triangular button toighe of each component icon.

5 Current OperationDisplays ~ what operation the system is currently preforming, thesmsdan-
ning, etc. Some actions have progress bars that show updretegdditional warnings can show
up here as well (hard drive filling up).

6 Buttons

@ Mode Master
IE\ Master Panel

@ Video Window
Vindows_ Hides / Shows Real Time Windows
“Hide
Offline

Windows Hides / Shows Offline Windows

Help Browser

These terms have been around for a long time in image procgasd
acquisition system. Offline has nothing to do with networkreection.

Realtime? , , . . . .
Offline? Realtime Window Displayed data that are in the process of being acquired.
Offline Window Displayed data from a saved file.
SYLUM
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Ch. 4. Tutorial: AC Mode Imaging in Air

4. Tutorial: AC Mode Imaging in Air

CHAPTERREV. 1589,DATED 08/30/2013, 12:14. BERGUIDE REV. 1590,DATED 08/30/2013, 12:47.
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4.10.6.2 SoftEngage Method . . . . . . . . . . .. .. ... 44

4.10.7 Startlmaging Tips & Tricks . . . . . . . . .« . . o e e 45

This tutorial provides a quick path to learning the basicrafien of the MFP-3D AFM. The tutorial
lists a set of steps that will teach a new user, with a miniroabasic understanding of AFM
operation, how to

» Load a probe into the cantilever holder

Place the head onto the stage

Align the spot onto the cantilever

Select a cantilever drive frequency

e Engage the tip on a standard sample
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Ch. 4. Tutorial: AC Mode Imaging in Air Sec. 4.1. Required Mat  erials

Before you start:

 This tutorial is designed to be performed, not merely réhdossible, it is advised take the
tutorial under the supervision of an experienced user.

* We assume you understand the aspects of running this sgafeiy: Chapter 11 on page 135

* You are familiar with the basic names of the hardware coreptsand software controls
(Chapter 2 on page. b
* You have powered up the System and Launched the Softw@repfer 3 on page 10

Note The MFP-3D is a research grade instrument and improper ugeadhstrument can cause
damage to the instrument and/or injury to the user. Thigialtwill take approximately 3 hours
the first time.

There are many ways to skin a cat. There are also many way®tateghe
MFP-3D AFM. These instructions assume that the AFM was teftime
unknown state of alignment by a previous user. Once you hawe through

Note the process a few times, you will find that some steps can Ippsé#ior
re-arranged to best suit your style.@hapter 5 on page 4here is a reduced
set of steps which are applicable to changing a cantilever system which
you have already aligned for your sample and needs.

4.1. Required Materials

 Cantilevers: You will need to collect severaC160TSor AC240T Scantilevers, which are
manufactured by Olympus. The AC160TS has a spring constart2iN/m and a resonant
frequency of ~300 kHz. The AC240TS has a spring constant df/m2and a resonant
frequency of ~70 kHz. Both are used for AC mode imaging in Birery AFM ships with
a package of AC160s and AC240s, but if these cantilevers rraailable any cantilever
with a similar spring constant and resonant frequency shaurk fine seexttp://www.
asylumresearch.com/ProbeStore/TYPE?Entry=JustLooking#AC%20MODEY20 (AIR).

e Sample: The tutorial will use thasylum Research calibratiograting that ships with every
system (part number 900.237). It is mounted on a standasd glécroscope cover slide.

« Sharp tipped tweezers (some people prefer straight tiher®prefer curved).

< Small Phillips (+) screwdriver.

4.2. Loading the Cantilever

4.2.1. Nomenclature

Please refer téigure 4.1 on page 1for the names of all the parts in the cantilever holder. For
overall AFM system nomenclature, please refeCtapter 2 on page. 5

SYLUM
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Ch. 4. Tutorial: AC Mode Imaging in Air Sec. 4.2. Loadingthe C  antilever

Rear Side Front Side

Quartz Window

Pogo Contacts

I Cantilever Clip

Cantilever Clip
Screw

Kinematic

Kinematic
Mounting Point

Mounting Points

Figure 4.1.: Standard cantilever holder nomenclature

4.2.2. Instructions: Preparing the Holder

The cantilever holder in the following photos is transluc@el-F). Yours
Note on Color  may be Blue (PEEK) or Tan (PEEK). The procedure is the sargardé&ess of
color.

Prepare cantilever mounting work area:

» Set out your cantilever changing
stand, tweezers, and box of
cantilevers on a clear work surface,

1. preferably close to the AFM so you

can easily wheel your chair over.

» A low power binocular dissection
microscope with light source is
recommended.
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Ch. 4. Tutorial: AC Mode Imaging in Air Sec. 4.2. Loadingthe C  antilever

Remove the cantilever holder from the
head:

» Place the AFM head upside down
(usually on the metal platform or
“head stand” next to the AFM.)

2. » Depress the button on the head.

» Gently lift the cantilever holder
straight up out of the head and carry it |
to your cantilever changing area.

Note Older model AFMs may have a
“rubber dome” covering this button.

Mount the cantilever holder:

» Orient the cantilever holder with the
clip’s screws towards the lever on the
stand.

* Press the lever on the stand down, as
shown.

» At the same time, angle the cantilever
holder into the stand. Two fixed balls
in the stand, opposite the lever, must

3. match up with the two matching

kinematic mounting points on the

cantilever holder.

» Lower the cantilever holder so the
final kinematic mounting point lines
up with the ball on the stand’s lever,
then release the lever.

* Inspect that the cantilever holder sits
flat in the stand and that all the balls
sit properly in the mounting points.

Prepare your tweezers:
 Locate tweezers with straight sharp tips. This techniquessdhot work well with
4. curved tweezers.

Good Habit Cleaning the tweezer tips with alcohol will prevent canilies from
sticking.

SYLUM
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Ch. 4. Tutorial: AC Mode Imaging in Air Sec. 4.2. Loadingthe C  antilever

Remove the used cantilever:

» Loosen the middle screw on the clip
about one turn, just to the point of
freeing the cantilever.

* Remove the old cantilever with
5. tweezers.

Good Habit Blow the area under the
cantilever clip clean witltleancompressed
air. Bits of silicon and other debris can lead
to a poorly seated cantilever and poor
quality AC mode images.

The following steps suggest a certain method of insertiegcdmtilever.
A quick poll at Asylum Research showed that nearly everyregté\FM

Note operator has their own way of doing this. PleaseSeetion 4.10.1 on
page 3%or more insights. Also ask your lab mates, or practice yelfirs
with some old cantilever chips.

Prepare for cantilever mounting:

e Orient the cantilever holder in front of
you as shown.

» Open the box of levers with the tips
pointing to the left.

» With the tweezers in your right hand,
pick up a lever. Some find it works
best to hold the tweezers

6. perpendicular to the tabletop when

picking up the lever.

Note If you are left handed, you may want
to reverse this process. The tweezer is
usually best held in your dominant hand.

Note Close the cantilever box now. The
longer you wait, the more likely you will
one day put your hand into a box of 30
pristine cantilevers.

7. Close the cantilever box now. The longer you wait, the mdeelyi you will put your hand
in it later and break 30 tips at once.
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Ch. 4. Tutorial: AC Mode Imaging in Air Sec. 4.2. Loadingthe C  antilever

Insert the new cantilever:

* With tweezers, slide the cantilever _ Target Position
chip under the clip. Resting your -
wrist on the table helps keep it stable.

 Position the cantilever as shown in the
clear trapezoidal shaped quartz
optical window. You can do this by

letting go of the chip and nudging it ) _ N
around with the tweezer tips. Note The quartz window is resilient to

scratching from tweezers, so do not be
Note Do not push the cantilever chip too paranoid.

far back. This can cause misalignment.
We’'ll check for this in a few steps.

Tighten the screw:
» Gently tighten the clip’s screw.

» The chip should not be able to move
if nudged with the tweezers. Firmly
mounted probes will perform best
during AC mode imaging.

Note Do not over tighten the clamp on the
cantilever holder - this can crush the chip,

strip the screw threads and / or result in an
excessively bent clamp.

10. Close the cantilever box if you did not already do so.
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Ch. 4. Tutorial: AC Mode Imaging in Air Sec. 4.2. Loadingthe C  antilever

4.2.3. Mounting the Cantilever Holder

Inspect the cantilever “seating”:

» Hold the changing stand so you can
look from the side between the
cantilever clip (a low power
microscope or a jeweler’s loupe, 10x
is recommended).

» Check that the cantilever chip is

parallel to the mounting surface and D -
glass prism facet. \
Good Probe Position

1. * If the probe is mounted too far back,
it causes an improper angle, and you
will not be able to align the laser E
when the cantilever has been loaded SsE S

into the AFM. (See&Section 2 on
page 2%or an example of improper
alignment). Correct the position by
loosening the screw and moving the
cantilever forward in the pocket.
Tighten the screw and inspect the
“seating” again.

Install the cantilever holder on the head:

* Remove the cantilever holder from
the stand by depressing the lever.
Take the holder over to the head.

2 * Insert the cantilever holder into the
head. This action is similar to using
the changing stand (S&tep 3 on
page 18 except the rubber dome on
the head replaces the lever on the
stand.
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Ch. 4. Tutorial: AC Mode Imaging in Air Sec. 4.3. Head and Samp  le Placement

Warning

» Unlike the changing stand, the AFM
head has a number of spring loaded
electrical contacts called “pogo pins.”

e Take care not to touch these contacts
with the cantilever holder during
installation.

* While it is not likely that the contacts
will bend or fail, some of them do
carry low voltages which could short
out via the cantilever holder. To
prevent this, current cantilever holders
have a black non conductive coating
on the rear side metal parts. Be more
cautious if your cantilever holder is
older with uncoated metal parts.

Inspect mounting of the cantilever holder:

3 » The cantilever holder should sit
perfectly level with the top and
bottom planes of the head.

Tips & Tricks ~ Please se8ection 4.10.1 on page 39

4.3. Head and Sample Placement

Refer toSection 2.1.2 on pageahdSection 2.1.3 on pagetd look up the names of various head
and base controls.
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Ch. 4. Tutorial: AC Mode Imaging in Air Sec. 4.3. Head and Samp  le Placement

4.3.1. Instructions: Head and Sample Placement

Prepare the scanner:

* Remove any sample that may be on
the scanner.

1.  Looking from above, turn the XY
sample alignment micrometers (thin
knobs) until the divots or grooves in
the base plate are aligned over the leg

leg.

holes in the scanner. Note Base plates prior to 2009 usually
only have divots for the rear legs. Current
model base plates have one groove for each

Place the head on the base:

 Firmly grip the head and place it on
the base. Each leg goes through one
2. of the leg holes in the scanner.

worry about crashing the cantilever
into anything.
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Ch. 4. Tutorial: AC Mode Imaging in Air Sec. 4.3. Head and Samp  le Placement

Adjust the legs on the head:

e Look for clearance between the
scanner top plate and cantilever.

e Turn the thumb wheels that control
the legs to create sufficient space for
the sample. Seen from above,
clockwise motion raises the head; see
the arrow on the top of the head for

3. guidance.

* The goal is to have at least 1mm of
clearance for the cantilever when the Tip A white piece of paper taped to the
head is first set down over the actual pack of the hood makes for a good back-

sample. Be conservative on your firstground against which to see the cantilever
attempts. If you are worried, wheel holder.

the legs all the way up.

* In the process try to end up with the
head reasonably level.

4. Remove the head from the base and place it to the side (pogfera the head stand).

Place the sample on the scanner:

 Locate the microscope mounted
calibration grating (part number
900.237 that shipped with your
AFM.

* Wipe the scanner top plate clean of
any particles.

 Place the microscope slide on the
scanner top plate, center it over the
hole.

» Place the magnetic sample clamps as
shown.
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Ch. 4. Tutorial: AC Mode Imaging in Air

Sec. 4.4. Software Pre  p

6. * If it looks like the tip might crash,
remove the head, place it on the head
stand, extend the legs a little, and try
again. Be conservative.

4.4. Software Prep

» Once the head is standing on the base,
adjust the legs to lower the head so
there is about a millimeter of
clearance between tip and sample.

Visually lower the head over the sample:

* Place the head on the base. As shown
on the right, place the rear legs first,
and then gently touch down the front
leg while looking for clearance
between tip and sample.

1. If you have not done so already, open the software as sho@hapter 3 on page 10

| Main | Thermal | Force I Tune |
Scan Size | 20.00 pm z
Scan Rate | 1.00 Hz 3
X Offset| 0 nm $
Y Offset | 0 nm 3
| Main | Thermal | Force Tune |
Scan Angle  0.00° 2
Auto Tune
Points & Lines | 256 - 2 —
Auto Tune Low | 50.000 kHz z
Set Point | 700.00 mV H @ =
- @ Auto Tune High | 400,000 kHz |4
Integral Gain | 10.00 3 -
g Target Amplitude | 1.00 V 2
Drive Amplitude | 28.63 my z -
* Target Percent |-5.0 % 2
Imaging Mode | AC Mode
B
)
| Auto Tune | | Engage | Manual Tune
7 a)
[ DoSean | [ stoplt | Drive Frequency | 69.568 kHz :
7
[ Frameup | [Frame Down| Sweep Width | 3.478 kHz :
7
Baselale Image Drive Amplitude | 28.62 mv .
Base Suffix 0006 3
Save Images | | path.. | [ Save Image |
Save Status: ISave Current Save Prev.
| MainPanel | [ Setup | | TunePamel | [ setup |
(a) Master Panel, Main Tab. (b) Master Panel, Tune Tab.
Figure 4.2.: Main tab and Tune tab of the Master Panel
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Ch. 4. Tutorial: AC Mode Imaging in Air Sec. 4.5. Head and Base  Optics Alignment

4.5. Head and Base Optics Alignment

Refer to2.1.2andSection 2.1.3 on pagetd look up the names of various head and base knobs.

While the majority of AFM systems sold by Asylum Researchehtp view
optical capability, there are some systems in the field whizhot. If your

Note head or base are lacking the top view focus adjustment and Xh6m
adjustments ifrigure 2.3 on page, lease skip this section.
o
‘G Q ©Ready 4 a 3

Open the live video window:

e Turn on the computer, and open the Asylum Research AFM softw
1. * In the software, click th€ameraicon on the bottom status bar.
-OR-

* From the menu bar at the top, sel@&v Controls > Other > Live Video.

» The video window has its own menu bar. Check that

— Source >Composite (For SA Systems)
— Source >SVideo (For |0 Systems)

Adjust the base optical path:

» Rotate the rightmost field diaphragm
knob fully counterclockwise. This
illuminates a maximum area around
the cantilever.

 Pull out both illumination and camera
2. controls to route light and viewing to
the top of the sample.

* Turn the knurled ring around the Note Once you have an image of the
entry point of the fiber optic bundle  cantilever you can adjust the diaphragms
(at the left of the base) fully for better contrast.

counterclockwise to admit maximum
light into the base.
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Ch. 4. Tutorial: AC Mode Imaging in Air Sec. 4.5. Head and Base  Optics Alignment

Turn on the Fiber Lite:
e Turn on the Fiber Lite.

e Turn the tethered dimmer control to
3 50%.

» The Live Video window should
become brighter and there should be
light visible on the sample and the
cantilever.

Adjust Top View focus and mirror:

» Adjust the focus ring on the “tail” of
the head.

 Adjust the two thumbscrews at the
end of the “tail” tocenterthe
cantilever in the on-screen video
image.

Note Typically the adjustments should be
minor since the cantilever is always in
nearly the same place on the cantilever
holder. You may have to hunt a bit for a
good image.

Improve image contrast:

» Adjust the top view field diaphragm
on the base and observe. Smaller
aperture typically produces better
contrast. It is common to leave some
of the diaphragm showing in the
image.

 Adjust the aperture diaphragm
(knurled ring at the fiber lite entry
point on the base).

« Adjust the intensity on the Fiber Lite N -
if necessary.

Tips & Tricks ~ Please se8ection 4.10.2 on page 41
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Ch. 4. Tutorial: AC Mode Imaging in Air Sec. 4.6. Aligning the Laser

4.6. Aligning the Laser

With a good video view of the cantilever in the live video wirrg we can proceed with aligning
the spot onto the cantilever. Refer2dl.2andSection 2.1.3 on page t6 look up the names of
various head and base knobs.

When a “laser” is mentioned in the text, it actually referatsuper
luminescent diode (SLD, emits at ~860 nm). The SLD is a coofthe solid
state laser, but different in that it produces fewer artgfaturing imaging and
force curves.

Note

Easy does it!

» When adjusting any of the head’s thumb
wheels, if you feel resistance turning
them, DO NOT FORCEIT. Itis
probably at the end of its travel. If you
over torque, it becomes very difficult to
reverse direction, OR the belt that is
attached to the knobs to turn the pivot
points on the optical assembly can get
irreversibly damaged, and it will have to
be repaired at the factory.

» Use a gentle touch when adjusting the
LDX, LDY & PD knobs.

Turn on the laser:

» Turn the laser (SLD) key on the controller to the ON positiG@meck that the
LED on top of the head is ON.

Note With the ARC2 Controller, if the Igor software is closed tlasér will be off.

= Note If the system will not be in normal use for long durations éjes than several
days), we recommend that the SLD be turned to the OFF posdipreserve its
lifetime. For day to day use the laser is better left ON. Eaole the laser is turned on
or off, the head must thermally equilibrate for several Bpurhich can lead to
unwanted drift during imaging.
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Ch. 4. Tutorial: AC Mode Imaging in Air Sec. 4.6. Aligning the Laser

Adjust the fiber light intensity:

» Turn down the power of the Fiber Lite to zero and thest slightlyback up again
to the point where a decent image of the cantilever appeais.ag

Note You may also see blue spots, which are either the laser s@iitar its
reflections. The brightness of the image on the screen maghaoige much as you
turn the fiber lite control. This is due to the auto gain calntraghe camera which
makes up for the changes in brightness. What you will noi@niapparent change in
the brightness of the laser spots. The key is to allow justighdight into the camera
so there is a good balance between fiber light intensity aset laght intensity.

Tip Inspect cantilever seating:

You can judge the angle of the cantilever by
looking at the reflected white light.

Dark = Good: A dark outline of the
cantilever and chip, as seen in the top
image, indicate good chip alignment.

Bright = Bad: If you see a bright cantilever
AND chip, as seen in the lower image, you
have an issue with an improperly seated
cantilever (Se&tep 1 on page 31

Practice moving the laser spot

e Observe the live video screen while
doing the following:

» Rotate LDY clockwise (CW) until it
reaches the end of its range and you
feel some resistance. Then, while Diffracted
counting the number of turns, go spot
completely counterclockwise (CCW) l
to the other end. Now go CW again,

3. but half the counted number of turns.

The laser is now near the center of its

Y range.

e Turn LDX CCW until the end of its
range, which will put the spot beyond
the right end of the screen.

* You may see some spots moving
around on the live video window. Get
a feel for how they move while you
rotate the wheels.
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Ch. 4. Tutorial: AC Mode Imaging in Air Sec. 4.6. Aligning the Laser

Due to multiple reflections from various optical componéngide the
AFM head, there are often multiple spots visible on scredm Arightest
spot is not always the correct one, and may be a “phantom’ctifie In

Note this tutorial, chances are the sample is still quite far afsay the
cantilever, and there is no way to actually see any spot shadti on the
cantilever. Please follow the steps below as a recipe foimfgnthe right
spot.

Sum and Deflection meter

e Locate the sum and deflection meter
(Ctrl + 6).

» Make sure the button to the right of
the SUM signal saystop meter If

) ) | Sum and Deflection Meter =3E=h ==
the button saystart metey click on it sum(0.42 |
so the meter starts running. Deflection|-0.03 | ‘

4. « The SUM signal displays the total Amplitude0.00 |
laser light reflected from the Phase 74.02 | 1
9 ZVoltage0.00 | [ 7]

cantilever. It should have a near zero
value based on the laser position from
the previous step.

» The SUM signal will be the test for
seeing if the real spot was moved onto
the cantilever.

SYLUM
ESEARCH

an Oxford Instruments company

support.asylumresearch.com Page 30



Ch. 4. Tutorial: AC Mode Imaging in Air Sec. 4.6. Aligning the Laser

Steer the laser spot onto the cantilever
chip (substrate).

(1) Rotate LDX clockwise while
observing the SUM meter. Most
likely the SUM will go up above 6
when reflected off the chip. Itis at the
same angle as the cantilever and
perfectly angled to reflect light back
into the detector.

Note There is a small chance that you will
actually hit the lever. If you see this happen
5. | on the video screen, you can skip the next
two steps.

* You should see a spot on the
substrate. If not, lower the Fiber Lite

intensity a bit. 3 -
« Move LDX some more to see the spot sum/s.c I
moving. Deflection|10.00| A

(20 Now move LDY until the spotisin
line with the long axis of the
cantilever. The SUM should remain
high.

Steer the laser spot on the cantilever

(3) Turn LDX counterclockwise to move
the spot out along the base of the
cantilever and to the tip.

* You will see the sum signal go very
6. low and the spot disappear from view
for a moment as the beam traverses
the sloped area of the substrate.

* Adjust LDY as necessary to keep the
spot centered on the cantilever.

« The SUM should end up a bit lower E
than it was in the last step. sum3.67 N
Deflection |-4.02] [
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Ch. 4. Tutorial: AC Mode Imaging in Air Sec. 4.6. Aligning the Laser

Adjust LDY and maximize SUM

(4) Turn LDY back and forth to observe
the SUM fluctuating and the spot
going on and off of the lever.

» Leave LDY where the SUM is
highest.

» The spot should now be near the end
of the lever, centered, and ready for
AC tuning.

Sum|6.05 —

Deflection|-0.21 | |

View your final alignment

e From the live video window menu
bar, selecMagnify.

e This will zoom in on the center
portion of the video window.

 Fine tune your final laser spot
position near the end of the lever if
necessary. Maximize the SUM while
moving LDY.

Zero the deflection

« Note the deflection level in the Sum
and Deflection meter.

e Use the PD thumb wheel on the head
to zero the deflection. If the display Deﬂection
indicates blue (negative) then rotate
the thumb wheel counterclockwise.
Go clockwise if it is red.

e This action steers the reflected beam
so it is centered on the photo detector.

Tips & Tricks ~ Please se8ection 4.10.3 on page 42
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4.7. Tuning the Cantilever

The tutorial steps given are with an AC160TS. The stiffeghler resonance frequency of the
AC160TS cantilever makes it easier to track the large haatlfes of the calibration grid. How-
ever, similar results can be obtained with the AC240TS, twicthe tip of choice for biological

and soft samples, or samples that do not have large changmsography.

Initiate cantilever tune:

» Select the Tune tab in the master
panel Figure 4.2b on page 25

» Set the four auto tune parameters
(Auto Tune Low, Auto Tune High, _ )
Target Amplitude, Target Percent) as | Main | Thermal | Force | Tune |
shown to the right. Aute Tune

. Auto Tune Low [50.000 kHz
¢ Click the Auto Tune Button. _ f—
1. Auto Tune High | 400.000 kHz

-5%: Amount the drive frequency will be Target Amplitude | 1.00 V
below the maximum. This helps ensure that Target Percent|-5.0 %

Flllap

O O 2 A

the tip will remain in repulsive mode when | Auto Tune |
engaged.

50 kHz and 400 kHz: The defaultAuto

Tune Low andHigh values accommodating
most common commercially available AC
mode cantilevers (in air).

o ®

I Cantilever Tune

Observe tune reSU|t Rename \ Save as Force plot| | Edit \ \ Copy to Layout \ @ OneT

Amp 1118V | Freq[345503kHz | Qf4345 |

» A graph will pop up with the tune
result.

= 120°

» The resonance curve should peak
around 200-400 kHz. 05

» The relevant parameterSyive
FrequencyDrive Amplitudeand
Phase offsetare automatically set. 04

 After inspecting and confirming that ‘ | | ‘ ‘
. 343kHz 344kHz 345kHz 346kHz 34TkHz
the the amplitude and phase curves
look good, you can close the graph.

Note Cleaner tunes can be obtained by
blowing the cantilever holder with com-
pressed air prior to loading cantilever to get

Note Forthe AC240TS, the resonance : - _
rid of any left over silicon/glass debris.

curve should peak around 70 kHz.

Tips & Tricks ~ Please se8ection 4.10.4 on page 43
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4.8. Landing the Tip

The following steps are for the “hard engage”. This is an g¢asyaster and
perfectly acceptable method of engaging the tip on the serfim cases where
a super sharp tip is required, we recommend you master thevgloat more
elaborate “Soft Engage” method, describe®ettion 4.10.6 on page 44

Hard vs. Soft

Set the feedback setpoint for hard
engage:

Note: For better tip preservation, consider
the more elaborate Soft Engage

Section 4.10.6 on page 44
Scan Angle  0.00 ¢

» Set theSetpoint value to 80% of the Points & Lines | 256

1. free air amplitude. Typically the 'Set Point [300.00 mv
amplitude away from the surface is 1 '
volt, after a standard autotune, which
would call for an initial setpoint of
800 mV.

* All the other parameters should
already be set from tuning the
cantilever.

Integral Gain  10.00
Drive Amplitude | 28.63 mV

Ak Gl (EAF: G 6D
@ @ @

2. Click theEngage button in Sum & Deflection Meter window. The Z Piezo meter witend
red all the way to the right of the meter (150V).

Wheel down until 'beep’:

 Slowly turn the front thumb wheel
counterclockwise to lower the head
towards the surface.

* Observe the amplitude and slow the
3. wheeling when the amplitude starts to
decrease. The amplitude decreases
before contact due to air damping
between lever and surface.

* When the computer beeps stop, the
tip has contacted the surface.

4. Move the front thumb wheel until the Z voltage registers al@y (in the blue). This brings
the Z piezo to its midpoint.

5. Hit the ‘withdraw’ button on thesum and Deflection Panel. This will save the tip from jostling
during the next step.
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Ch. 4. Tutorial: AC Mode Imaging in Air Sec. 4.9. StartImagin g

6. Close the acoustic enclosure. At this point manual intevacwith the instrument is at an
end. The tip is still above the surface and the vibrationdaxfing the hood will not damage
it.

Tips & Tricks  Please se8ection 4.10.5 on page 44

4.9. Start Imaging

Start the scan:

* Click the Do Scan button (or Frame

Up or Frame Down) on th®lain Tab I Dotcan l l Stopll I
1. in the Master Panel. The tip will
begin scanning from the top or | Frame Up | l Frame Duwnl

bottom of scan area. The red marker
to the left of each image window
indicates the current scan line.

2. Look at the Height Channel image (ignore amplitude and pliaséhe moment) and lo-
cate the blue and red scope traces beneath it. These arestiellacted trace and retrace
scan lines. The tracking should look nearly identical toréteace. For the calibration grat-
ing sample, they should look like a square wave. To achieige some adjustment of the
parameters is usually needed.

Note Wait until the tip is actually scanning over some pits in théhration grating. There
is not much to image on the plateaus in between the pits. $kgpod time to turn off the
slow axis, se&ection 4.10.7 on page 45
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Mm

85% Set Point

30 pm

Setpoint Voltage

The Setpoint Voltage generally needs adjustment:

Decrease th&etpoint Voltage value to increase the force applied to the sample,
and to improve the tracking.

Higher Setpoint voltages may help preserve the tip apex, but may not allow
proper tracking of the surface.

For this example, use $etpoint between 600-750mV.

Practically speaking, amplitude setpoints from 20-75%heffree air amplitude
will put you in repulsive mode, which tend to track well, buaynwear down your

tip.

Adjusting the initial setpoint while scanning as describede is more to

Advanced illustrate things. Typically experienced users do thisrmyithe engage

Note process, where you engage on the surface, then decreasgpbimts

until the Z does not move much.
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4.
Integral gain adjustment:
* Increase théntegral gainto improve the tracking, but at a certain level the signal
will start to ring.
» Decrease gain until ringing ceases in trace and retrace.
Note There is a slight offset between the trace and retrace lm#wigraph. Good
tracking means that they should have similar shapes, nessadly perfect
superposition.
Note When adjustingntegral gain another channel to look at is the amplitude image.
Feedback oscillations are easily detected in the amplimdge because it is an image
of the feedback loop error.
Scan rate adjustment:
* If tracking still seems to be an issue, try lowering 8wan Rate. Slowing the
Scan Rate down will help the feedback keep up with the image features.

5. » The Scan Rate cannot be updated during imaging like othagimy parameters.
You must clickFrame Up or Frame Down buttons to initiate the newly entered
scan rate.

Note Too slow of a scan rate can introduce image artifacts duectorthl drift.
SYLUM
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Sec. 4.9. StartImagin g

Scan angle adjustment:

Note Forthe Olympus AC160 and AC240
cantilevers, the tip will be symmetric or
asymmetric based on the scan angles shown
on the right. For a better representation of

6. | side walls 0° scan angle should be used.
However, tracking could be difficult due to

could be achieved with a 90° scan angle.
This is one example; refer to cantilever
documentation for different tips.

the steep edge of the tip. Better tracking 0° Scan Angle 90° Scan Angle

Drive amplitude adjustment:

» TheDrive Amplitude can be adjusted

Amplitude 1V

to increase the amount of drive to the

Set Point  0.75V

shake piezo which increases the
amplitude of the cantilever.

 Try different combinations of Free

Amplitude 1.5V

SetPoint 1.1V

Air Amplitude (tip far away from

surface) andetpoint For educational
7. purposes, theetpointwas kept at

Amplitude 2V

75% and thentegral gainat 10 to

SetPoint 1.5V

show the advantage of hitting the
sample harder with bigger amplitudes
to get better tracking.

Amplitude 3V

Set Point  2.25V

» To change the amplitude, clickop

and either clickauto Tune with the
new Target Amplitude or increase the
Drive Amplitude manually.
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Tracking improvement:

* When the tip is tapping harder, the
cantilever becomes more responsive
to changes in height, which improves
tracking.

Amplitude 1V
Set Point  0.75V

 Bigger amplitudes can help the tip
stay in repulsive mode. Please refer to
SPM Applications Guide, Chapter:
AC Mode Theoryor more
information.

Amplitude 1.5V
SetPoint 1.1V

Amplitude 2V
Set Point 1.5V

» When imaging sticky samples, larger
amplitudes help the tip escape the
forces of the sample.

Amplitude 3V
Set Point  2.25V

Note You could also simply increase the
Drive Amplitude however, be aware of the
setpoint. It is often good to maintain a
constant setpoint ratio, the ratio of the
setpoint to the free air amplitude.

Tips & Tricks Please se8ection 4.10.7 on page 45

4.10. AC Mode Imaging Tutorial Tips & Tricks

4.10.1. Loading the Cantilever Tips & Tricks

If everything went according to plan, then this section carskipped (or only read once to learn a
few tips). What follows is not strictly part of the necessarstructions.

Q What's the harm in forcefully tightening the screw whichrofas the cantilever?

A Over tightening can strip screw threads or result in exeedseénding on the tongue of the
clip, which can cause issues with obtaining suitable deflestwith cantilevers of unusual
thicknesses.

Q Which Cantilevers can | use with the MFP-3D?

>

The MFP-3D cantilever holder accepts virtually all brandscommercially available
probes.

Q What's the best way to clean the cantilever holder?

>

The safest way is to use a cotton swab (Q-tip) and some alcohol
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Sec. 4.10. Tipsand Tri  cks

Tip Fitting unusually thick cantilever chips
under the clip:

When switching from silicon cantilevers

(with thin silicon chips) to silicon nitride
levers (with thick glass chips) you may notice
that the cantilever holder clip does not open
enough to let the lever slide in. Here’s the
remedy:

» Unscrew the center screw an extra turn
or two. Do not screw it all the way out
since it will prevent you from bending
the clip too far in the next step.

» Use tweezers or a small flat-head
screwdriver to GENTLY pry up on the
tongue near the base. In our experience
it is best to start lightly, try for fit, and
repeat a bit more forcefully until the
clip stays open high enough to fit the
thicker substrate.

N

There is evidence that static charges can create such laelde dit the tip of a
lever that they are dulled just by handling from corona disgh. Consider

Tip wearing a grounding wrist strap and using a grounded wolfaseiif your
work requires the sharpest tips possible.
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Tips

Some tips on successfully handling cantilevers.

Use good tweezers. The cost of good tweezers is easilyijlnt
considering the cost of cantilevers. Some people swearegutved
tweezers; some prefer the straight ones. Remove any stsigue by
cleaning the tips of the tweezers with an alcohol soakedrket cloth.

Keep your box of cantilevers close to the cantilever holdieen loading
the holder. It is nice to do most of the work with the wrist.

Rest as much of your arm on the table as possible for stalHdr
added stability you can use your non-dominant hand to #tatithe
hand holding the tweezers.

Roll cantilevers off of the sticky gel instead of trying ifi them
straight up. Roll to the side to protect the levers themselve

Grab the substrates a little forward (toward the cantidegéthe middle.
If you pick up the back side first, you run the risk of breakihg tever.

Set the cantilever down in an intermediate location tovaljou to get a
new grip before loading it into the holder. This is not alwagsessary,
but it is nice to have a place available for an emergency tanidi
needed. You may also take this opportunity to close the bamaosed
levers.

Practice with dead cantilevers. Keep your used levers eanttipe
moving them from one side of a box to another, trying to mamnéa
orderly pattern.

4.10.2. Head and Base Optics Alignment Tips & Tricks

placing the head:

placing the head.

Tip Using the live video window when

If your head mirror and focus are already
aligned when you change samples, it can be
useful keep an eye on the live video as you
put the head in place. By doing this, you can
view whether or not the lever will crash while
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Tip Getting more consistent head placement:

Each time the head is placed into the divots
on the base, it does not land in exactly the
same place. It may even settle a little over
time, leading to unwanted movement of the
cantilever during imaging.

We have found that pressing down on the
head while applying a counterclockwise
rotational force at the same time greatly
improves absolute placement position. This
will also prevent most settling effects.

Tip Streamlined head placement process:

Experienced users at Asylum Research will skip a few of ttwvalsteps:

» Eyeball the sample thickness and guess at the leg lengthadjnst with the head remove
from the scanner.

» Place the sample on the scanner.

 Place the head on the scanner while propping a thumb betiivedread and scanner,
holding the tip about 1mm above the sample, while wheelingrdite front leg until it
touches down

4.10.3. Aligning the Laser Tips & Tricks

The correct laser spot will show some elongation along thgtleof the
cantilever. If a spot without this elongation is seen, it fplaantom” spot and
will give no Sum voltage in the S&D meter even though thereeapp to be a
spot on the end of the cantilever.

Tip

In some cases the correct spot may appear to be off the c@ntildile there
Tip is a large SUM signal. This is usually due to poor focusingjuatithe head’s
top view objective focus wheel to correct.

If there is any question if the spot is aligned on the cargitewr the probe
substrate, there is a very easy way to tell - do a thermal t(8e#) If the

Tip SLD spot is on the chip, there will not be any resonant peath(significant
amplitude or Q) in the thermal. This is especially usefuldgstems without
top view optics.

aSPM Applications Guide, Chapter: Thermal Tuning
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4.10.4. Tuning the Cantilever Tips & Tricks

Tip How to Save Tune plots?

e Click Save as Force Plot. The saved
tune can then be reviewed in the

¥ cantilever Tune -o®
Master Force Panel. =
Rename | [SaveasForcepiot| [ Edit | [ CopytoLayout | @ oneT

Amp [1.118V | Freq|345503kHz | @[4346 |

» Click Rename. The graph is saved in a
separate window. Subsequent tunes can
be overlaid on top of each other if they
are given the same name or saved in a 05
new graph when given a new name. % w

= 120°

aseld

 Click FTP. This saves the experiment
on the computer in a Temp Folder. 044
This allows you to upload the file to | : ‘ | |
the Asylum ResearCh FTP Slte fOF 343kHz 344kHz 345kHz 346kHz 347kHz
discussion with Asylum Research
technical staff.

- 60°

e Click Layout. This appends the graph
to a layout.

Tip Drive Amplitude too high or too low?

If the drive amplitude is greater than ~1V or you do not seesarckune, then the coupling to the
tip may not be sufficient.

» Loosen and re-tighten the screw or move the chip. Mostiglyikhe probe chip was seated
improperly under the clamp.

If using high aspect-ratio tips, there is a chance the Q (@ufaictor) of the cantilever will be sp
high that the drive amplitude will be very low, and a messagkcame up during the Auto Tune
that says it is having difficulty completing the Auto Tune.ef@ are a few things you can do to get
around this:

» Manually increase the Drive Amplitude in thiene tab, clickOne Tune and it should work.
* Click Center Phase if using One Tune.

* Use Negative Q Gain. S&PM Applications Guide, Chapter: AC Mode Imagiiog more
information.
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4.10.5. Landing the Tip Tips & Tricks

Tip If the sample is reflective, the shadow of
the cantilever can be seen in the top view
CCD camera image as it approaches the
surface of a calibration grating.

Images (from top to bottom):

* No cantilever shadow is visible
because the tip is too far away from the
surface.

* Moving tip towards the surface,
cantilever shadow appears, surface
coming into focus.

» Moving tip closer to the surface, the
cantilever almost eclipses the shadow.
The surface is in focus.

4.10.6. Hard and Soft Engage Techniques

The soft engage technique is an advanced method that psafidesoftest possible engaging of the
tip. With this method you can preserve even the sharpest fraggle of tips, which will provide
you with the sharpest of images. This method is more advarmedvith some practice can be
done fairly quickly.

4.10.6.1. Hard engage method

1. Click ‘Engage’ to fully extend the Z piezo.
2. Wheel down the large thumbwheel.

3. Slow down when the amplitude starts to decrease. The caattile starting to respond to
long range tip sample forces.

4. Wheel down very slowly until the beep.
5. Wheel down slowly until the Z voltage is 70V.

6. Decrease your setpoint a click or 2 (down arrow to the righgaipoint control), make sure
Z does not move much. This confirms that the tip is firmly on tndsse.

4.10.6.2. Soft Engage Method

1. Enter a setpoint of 85% of the free air amplitude, cliekgage’ to fully extend the Z piezo.

2. Wheel down the large thumbwheel.
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3. When the cantilever starts to feel long range forces, theiardp decreases (as the thumb-
wheel turns) until the setpoint is reached. At that pointfdexback will start retracting the
piezo (software beeps) as the head continues downward.

4. Stop wheeling when the Z voltage indicator approaches 30V.

5. Gradually decrease the setpoint and watch the Z voltageaserin response as the tip ex-
tends toward the surface. Stop decreasing the setpoint thieef voltage stops responding
(the tip has reached the sample surface and you are d@ie) when the Z voltage exceeds
100V. A more responsive phase signal is another indicatiahthe tip is on the surface.

6. If the Z piezo kept extending past a value of 100V, start wihgalown the head and go back
to step 4.

It is uncommon to repeat steps 4 and 5 more than once. If somayuwant to consider using a
lower initial setpoint relative to the free amplitude.

If you end up with a good engage, but with Z outside 70+20V,Seetion 6.2.2 on page 56r a
softer centering of Z.

4.10.7. Start Imaging Tips & Tricks

Tip Adjusting scan parameters wigtow
scan disabled

When theSlow Scan Disabled checkbox (on

the main tab of the master panel) is checked,
the tip scans the same line repeatedly. This is
easier for comparison when optimizing
parameters as the features will be the same
from scan line to scan line.

%, HeightRetrace =& =]
g - ]

* Increase the integral gain until
oscillations are seen in the trace and
retrace lines for the height channel.

» Reducentegral Gain until oscillations
disappear.

 Adjust Setpoint and‘Drive Amplitude’
until good tracking occurs.

 ‘Scan Rate’ andScan Angle can be
adjusted to further improve image

quality.

» Un-check it once you have your
imaging parameters where you want
them.
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Tip Delay Update:

» TheDelay Update check box allows the user to change the parameters durirgna sc
The changes you make will take effect at the beginning of thé fiame.

» During the period before the update is performed, the patars changed will be
highlighted in a light blue color.

. HeightRetrace| 00:00:57 o =
Tip Zoom:

This will stop the current image and restart
imaging a smaller selection. -

» To scan a selected area, drag a box.

Fix Scale
Nice Fix Scale
Fix Al Scales

el

 Right click and selectoomzoom to
scan the selected arenice ZoomZoom
to zoom an area to the nearest rounded
number, offedit] ZoomZoom to type an e
exact scan area. ‘\

Can
v Box
Point
Line

i
e

Tip Proportional Gain

 Adjusting theProportional Gain does not generally improve the imaging - this is because
the frequency range of the scanner is below the range whergrdportional gain can
contribute.

» For most samples, kedpoportional Gain at 0. The exception to this rule is when very
large or sharp topography features are present, and thiedeletbop needs to react
very quickly to the sample surface.
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5. Tutorial: Replacing the Cantilever

CHAPTERREV. 1578,DATED 08/29/2013, 22:20. BERGUIDE REV. 1590,DATED 08/30/2013, 12:47.

Chapter Contents

Before you start:

* We assume you have followed the tutoriallhapter 4 on page 1%hich finishes with AFM
images being collected. This tutorial picks up at that point

The previous tutorial assumed that you found the instrurimeatcompletely unknown state and
included many alignment steps which do not apply to a tygaaktion, such as changing a can-
tilever and resuming scanning on the same sample. Scangremaint, optical alignment, and even
most scanning parameters should already be ready for igagmost cases.

This tutorial assumes the starting point where the lastialtended up: imaging the calibration
grating sample in AC mode. When finished, it will leave youhet $ame point again, scanning the
same sample, but with a fresh cantilever.

1. Halt the scan by clicking the Stop!!! button in the Main tabtlo& Main Panel. This will
retract the tip from the surface and stop the XY scanning @stimple.

2. Open the acoustic enclosure.

Wheel up one full turn:

* Wheel the front leg up one full

3. revolution clockwise to raise the
cantilever about 100 um above the
sample surface.
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Ch. 5. Tutorial: Replacing the Cantilever

Remove the cantilever holder from the
head:

» Place the AFM head upside down
(usually on the metal platform or
4. “head stand” next to the AFM.)

» Depress the rubber ball on the head.

» Gently lift the cantilever holder
straight up out of the head and carry it
to your cantilever changing area.

Mount the cantilever holder:

e Orient the cantilever holder with the
clip’s screws towards the lever on the
stand.

¢ Press the lever on the stand as shown.

» At the same time, angle the cantilever
holder into the stand. Two fixed balls
in the stand, opposite the lever, must

5. match up with the two matching

kinematic mounting points on the

cantilever holder.

» Lower the cantilever holder so the
final kinematic mounting point lines
up with the ball on the stand’s lever,
then release the lever.

* Inspect that the cantilever holder sits
flat in the stand and that all the balls
sit properly in the mounting points.
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Remove the used cantilever:

e Loosen the middle screw about one
turn, just to the point of freeing the
cantilever.

* Remove the old cantilever with
6. tweezers.

Good Habit Blow the area under the
cantilever clip clean witltleancompressed
gas. Bits of silicon and other debris can
lead to a poorly seated cantilever and
sub-optimal AC mode images.

Insert the new cantilever: Target Position

* With tweezers, slide the cantilever .
chip under the clip. b T

» Center the cantilever tip _
(approximately) in the clear A © \%
trapezoidal shaped quartz optical Optical window.

window.

) ) Note The cantilever holder was designed
Note Do not push the cantilever chip too ;5 e resilient, so do not worry about
far back. This can cause misalignment. scratching it with tweezers.

We’'ll check for this in a few steps.

Tighten the screw:  Gently tighten the
clip’s screw.

» The chip should not be able to move
if nudged with the tweezers. Firmly
mounted chips will perform best
during AC mode imaging.

Note Do not over tighten the clamp on the
cantilever holder - this can crush the chip,

strip the screw threads and / or result in an
excessively bent clamp.
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Inspect the cantilever seating:

» Hold the changing stand so you can
look from the side between the
cantilever clip (a low power
microscope or a jeweler’s loupe, 10x
is recommended).

» Check that the cantilever chip is
parallel to the mounting surface and

glass prism facet. \

9. * If the probe is mounted too far back, SRR
it causes an improper angle, and you
will not be able to align the laser E
when the cantilever has been loaded SsE S

into the AFM. (See&Section 2 on
page 2%or an example of improper
alignment). Correct the position by
loosening the screw and moving the
cantilever forward in the pocket.
Tighten the screw and inspect the
“seating” again.

Install the cantilever holder on the head:

 Remove the cantilever holder from
the stand by depressing the lever.
Take the holder over to the head.

10. * Insert the cantilever holder into the
head. This action is similar to using
the changing stand (S&ep 3 on
page 18 except the rubber dome on
the head replaces the lever on the
stand.

 Pulling or jiggling the cantilever
holder should result in no motion.
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Place the head on the base:

» Firmly grip the head and place it on
the base. Each leg goes through one
of the leg holes in the scanner.

+ Since the sample is the same as when |

the head was removed and the front _,‘: a“:‘-ﬁ’
11. leg was wheeled up to a safe height, L b2 " —-
there is no worry of crashing the tip. Sl S0 -"*i"l"' &
: b .. | LN A
* Place a hand on the head and press & . o

down while slightly rotating counter
clockwise. This helps ensure
consistent seating of the head on the
base.

Open the live video window:

« In the software, click the Camera icon

at the lower left hand side of the
12. window 5 ¥ o ready @ @
* If necessary turn on the Fiber Lite and

turn the XY mirror adjustments on

the “tail” of the AFM head. The next

step requires a visual of the cantilever.

Center the laser on the cantilever:

» Using the LDX and LDY controls,
center the laser on the cantilever

13. holder.
* A high Sum signal assures that there
is not a phantom spot on the lever.
Sum 6.05
Deflection -0.21| |
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Zero the deflection

14. « Use the PD thumb wheel on the head  Deflection

to zero the deflection.

Initiate cantilever tune:

| Main | Thermal | Force | Tune | FMap

Aute Tune
Auto Tune Low [50.000 kHz

e Select the Tune tab in the master
panel Figure 4.2b on page 25

15.  Set the four auto tune parameters
(Auto Tune Low, Auto Tune High,
Target Amplitude, Target Percent) as
shown to the right.

¢ Click the Auto Tune Button.

Auto Tune High [400.000 kHz
Target Amplitude | 1.00
Target Percent -5.0 %

‘
25 5 T

x
E
=
o
—
c
=)
™

Observe tune result: B Cantiever Tune -o®
. . Rename | [SaveasForceplot| [  Edt | [ CopytoLayout | @ OneT
° A graph Wl” pop Up Wlth the tune Amp 1118V | Freq[345503kHz | Qf4345 ]

result.

» The resonance curve should peak 107 L 120
around 300kHz for an AC160. For an

16. AC240, the curve will peak around

70kHz. 05

* The relevant results are automatically / 6o

stored. After inspecting the amplitude
and phase curves to confirm that they
look “clean”, you can close the graph.

T T T T
343kHz 344kHz 345kHz 346kHz 34TkHz

Set the feedback set point for hard
engage:

Note: For better tip preservation, consider
the more elaborate Soft Engage:

Section 4.10.6 on page 44 Scan Angle (000

Points & Lines | 256

17. » Set theSet Point value to800mVfor ESE‘ Point [200 00 mYy
typical cantilevers such as AC160TS '
or AC240TS, the first item
highlighted in yellow to the right.

Integral Gain  10.00

A G EF: [ G
@& W

Drive Amplitude | 28.63 mY

« All the other parameters should still
be fine from the scanning before
replacing the cantilever.

18. Click theEngage button in Sum & Deflection Meter window. The Z Piezo meter witend
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red all the way to the left of the meter (150V).

Wheel down until beep:

 Slowly turn the front thumb wheel
counterclockwise to lower the head
towards the surface.

* Observe the amplitude and slow the
wheeling when it starts to decrease by
a few percent. (Amplitude decreases
before contact due to air damping

19 between lever and surface.)

* If your computer speakers are on,
then you can listen for a beep to know
when you have contactact the surface.
Otherwise you will have to keep one
eye on the Z voltage to see when it
moves back from +150.

Note This is the hard engage. For the soft
engage please s&ection 4.10.6 on
page 44

20. Move the front thumb wheel down until the Z voltage registedsut 70V (in the blue). This
brings the Z piezo to its midpoint.

21. Hit the ‘withdraw’ button on theSsum and Deflection Panel. This will save the tip from jostling
during the next step.

22. Close the acoustic enclosure. At this point manual intevaaith the instrument is at an
end. The tip is still above the surface and the vibrationdading the hood will not damage
it.

* Click the Do Scan button (ORFrame

Up or Frame Down) on the Main Tab ! Daccan ] I Stopi ]
23, in the Master Panel. The tip will
begin scanning from the top or [ Frame Up ] [Frame Dgwn]

bottom of scan area.
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6. Troubleshooting
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Chapter Contents
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In no particular order a variety of trouble shooting advielated to things discussed in this manual.

6.1. Laser alignment without top view optics

For the AFM heads without top view optics, or the situatiorisere one may want to set up the
cantilever without having to place the head on the baseg thier a few options.

The simplest method is to look only at the SUM signal. Sineegéneral position of the cantilever
and chip are always the same in the field of view, one can quaeessfully imagine its position as
seen in Step8 through7, starting on pagé8.

A simple tool called an IR card can greatly reduce the guedswblote that as of June 2009,
IR cards are no longer shipped with our AFM systems, but thieystll available for those who
request them. The IR card needs to be charged up in daylighiaescent light. Any IR beam
that then falls on the card will manifest itself as a red dbthé dot sits in one place for too long,
it will fade unless the card is moved a little, or the card iarged up again.

Set up the head and IR card

» Place the head (with cantilever holder
and cantilever) on the head stand next
to the base.

e Slide the IR card under the head as
shown.
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:’//
/
» The figure to the right shows the Probe‘

motions in numerical order and where
you should imagine the spot to be.

Move the laser onto the lever

chip

2 » Observe the red spot on the card and
associate it blinking in and out of
view with your mental picture

» Look at the SUM meter on the _
computer and maximize it when you _/
think you are the end of the lever. - % /

y . A

3. A successful positioning will result in a red spot on the IRdcarhich looks split since its

center is obscured by the cantilever. A slight movement of lawvay from the lever should
reduce the SUM to near zero and make the spot on the IR catculgbrightly again.

6.2. Centering the Z Piezo Range After Contact with the Surfa  ce

Ideally the Z voltage as read in the Sum and Deflection volfalie in the middle of its range.
The piezo response is most linear in the center of the ramgkthee LVDT signal has the lowest
noise. Being in the center of the range also gives an equaliainod vertical travel for a potentially
unknown sample topography and mechanical and thermalimsint settling.

As mentioned earlier, if the voltage upon contact falls ia tange of 50-90V, then it is probably
not worth making any adjustments. If it falls outside of trasge, you have two options:

6.2.1. Brute Force Z Centering

1. While monitoring the Z voltage on the Sum and Deflection Mejently turn the front thumb
wheel on the head. The tick marks on the wheel correspondaiat dbmicron of Z motion.
Turn the wheel until the Z voltage is centered in its range.

Note This can damage your tip. The feedback loop reacts to an gigoal, and as you are ap-
proaching the sample, it is accumulating error of one signcedyou reach the surface, you need
to exceed the setpoint, to produce an error signal of theifgpsign.

6.2.2. Gentle Z Centering

1. Note the current Z Voltage, and subtract this number from EXdmple: If the voltage reads
30V, your answer is 70V-30V = 40V.

2. Divide this number by 10V/um (the standard Z range is aboupiibspread over about
150V). In our example we get +4 um . This means we need to teeseenter of the cantilever
holder by 4 um to land the Z voltage at 70V.
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3. You could also run this from the command line (Ctrl + J), P(ird-td_RV(“Height"))/10,
which will print out the number of um you need to move, the sigttell you if it is up or
down.

Locate the Large Thumb Wheel Markings:

 Locate the markings on the large
thumb wheel on the head. On older
AFMs it will look as to the right. On
newer models the tick marks on the
black portion have been removed.

 Locate any tick mark you like on the
black portion. Ticks on the wheel
correspond to approximately 1 um of
Z travel at the cantilever.

5. Click the WithdrawButton on the Sum and Deflection Meter Panel. This pulls {hérdm
the sample.

6. Rotate the large thumb wheel by the appropriate amount lasedhat you calculated in the
earlier steps. For our example we rotate clockwise so thak4rarks on the silver wheel
pass one of the tick marks on the black part.

7. Click the Engagebutton on the Sum and Deflection Meter Panel. Check to sedhaat
voltage is now around 70V.

Since the tip was withdrawn from the surface before the flegtof the AFM was adjusted, this
method avoids laterally raking the tip across the sampliacer

6.3. Various issues

No significant Deflection voltage, or very low Sum voltages: Typically either the cantilever is not
seated in the pocket properly, or some debris may be actiagudsrum, moving the orientation of
the lever out of the proper plane.

* The probe may be bad (i.e., has a bend/sag that does nottako®i.D beam to bounce off
of it properly).

» There may be no cantilever on the probe (verify in CCD camaraerform Thermal Tune).
The signal may be coming from reflection off the probe chip.

Values of NaN in S&D Meter: This means not a number. What may have occurred is a slight
grounding issue at the cable plug interfaces. Sometimegrtinending clamps may need a bet-
ter bite into the outer ground frame of the plug. Try checkimg connection.
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Reducing abuse on the head cable

» Be careful not to torque/twist the cable
to the head: always follow the same
rotation path that you took the head off
with. The head cable should only
experience 180 ° of rotation in its
regular on stage, off stage cycling.
Continual twisting of the head can:

» Break down the head cable over time.
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7. Tutorial: Contact Mode Imaging in Air
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Contact Mode AFM, also known as constant force mode, is otleeafnore commonly used imag-
ing modes in AFM. Itis often used in imaging hard materialssome electrical techniques, and in
imaging biological materials - e.g. cells under low setpéance and scan range.

7.1. Required Materials

Cantilevers: Any standard contact cantilever will workligt of contact cantilevers we offer
can be found hereContact Cantilevers

Sample: The tutorial will use thasylum Research calibratiograting that ships with every
system (part number 900.237). It is mounted on a standasd gtécroscope cover slide.

» Sharp Tipped Tweezers (some people prefer straight tiperoprefer curved).

Small Phillips (+) screwdriver.

7.2. Instrument Setup

Several of the initial steps have already been explainedai®C Mode Imaging Tutorial chapter.
Click the links contained in the steps below to refresh yoenmary on these processes.

1. For loading the cantilever, s&ection 4.2 on page 16

2. For mounting the cantilever holder, s8ection 4.2.3 on page 21
3. For head and sample placement, Seetion 4.3 on page 22

4. For aligning the laser, se&ection 4.6 on page 28
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Ch. 7. Tutorial: Contact Mode Imaging in Air Sec. 7.3. Softwa  re Prep

7.3. Software Prep

1. Start up the Asylum Research AFM software.

Select Contact Mode Imaging: =] Mo beser 1@

» The software should now be showing
the Mode Master home window.

* If not, click the‘Mode Master’ button
at the bottom of the scree @

2.
 CIn this example we will start with
contact topography (see below).
Note Forimaging cells, a more appropriate
template can be found by clicking @o,
then onContactCell.
Standard...
3.

Select:

» SelectStandard > Topography > ContactModeTopography

e The screen will now re-arrange and present all the contretessary for this type
of AFM imaging.

7.4. Tip Engagement

1. With a properly loaded cantilever, adjust the Photodete@®®) to 0 volts or a slightly
negative value. The slight negative free air deflection pldice the SLD spot in the middle
of the PD (where the range is more linear) when the tip is eegjag

2. To conceptually aid the selection of a Setpoint voltage, aitgiive depiction of cantilever
deflection vs. tip-substrate distance is showrFigure 7.1 on page 60In contact mode
the AFM will try to maintain the measured deflection equalite setpoint. The greater the
setpoint voltage is (above the free air deflection voltatie) greater the force applied by the
cantilever to the sample. To know exactly how much force indapplied during imaging,
the cantilever spring constant must be determined. Thisbeilnot be necessary for this
tutorial.

3. Choose a setpoint voltage that is more positive than theafregeflection value in the SUM
and Deflection (S&D) meter. Ilirigure 7.2 on page 6Qhe free air deflection is -0.20 V:
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Free air
deflection voltage

D 1
Xz o ! _ ,

wo = Cont'act ! Free Air Regime

a = O Regime |

S0 = i A

=4 5 4 N
Zw o |

<L W 5 i

(O N a W !

0 Contact
point

TIP- SUBSTRATE DISTANCE

Figure 7.1.: Deflection vs. Distance

therefore a setpoint voltage of -0.19V or more is needed gaga the tip. Setpoint voltages
just positive of the free air deflection mean the tip will apjadw force to the sample or will
false engage, while setpoint voltages much more positiae the free air deflection voltage
mean the tip will apply greater force to the sample. A .5V - Bipsint should be suitable
for this tutorial. So you would want a setpoint of about .38V in this case.

sums70 N ==
Deflection -0.20 |

False 4 Choose set point voltage

engagement above this voltage
M——

Figure 7.2.: SUM and Deflection Window

4. Click 'Engage’ in the Sum and Deflection window. Assuming ¢tlaatilever is high enough
above the sample, the Z voltage should go all the way to 158¥.ZIfeedback loop is trying
to maintain the setpoint by changing the voltage to the Zadotu The more voltage the
feedback loop applies to the Z actuator causing it to exteéhedigher deflection value it
expects. Since we are too high above the sample, the defiewiger changes towards the
setpoint and the Z voltage increase to its maximum value.

5. Slowly turn the thumbwheel counter-clockwise, propellihg cantilever towards the surface
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at a rate of several microns per second. When the cantil@rmaes into contact with the
sample the deflection should very quickly hit the desiregp@at. You will hear a chime

sound from the computer when this happens. You will alsccedtie Z voltage decreasing.
The more you thumbweel down the more the Z actuator needdrixtéo maintain the

setpoint and thus the Z voltage decreases. It is good peaititurn the thumbwheel until

you have Z voltage around 70V. Centering the Z voltage essyma have ample room on
either while imaging. As you are imaging, peaks will reqsieglower Z voltage, and valleys
will require a higher Z voltage.

6. At this point hit thewithdrawbutton, so the cantilever is not in contact with the samptaui Y
may then close the accoustic hood. If you do this while endgoe risk ruining or dulling
your cantilever.

Note If you have the volume up on the transducer (front of cordgrplheadphones plugged in),
you can hear a frequency change as engagement occurs-sowitl like static and will change to
a dampened sound when in contact.

Gentle Engagement: The gentle engage is much more time consuming, and geneallse-
quired. Contact mode is typically fairly rough on the caér, and most of the time you don't
care if the tip gets blunted in this process. If you do careualpoeserving the tip sharpness in
contact mode, you should first consider doing the soft engag€ mode, and then switching to
contact once you have found the surface Ssstion 4.10.6 on page 44 AC mode is problematic
for you, you can try this adapted contact mode soft engage:

1. A simple gentle engage is to select a Setpoint slightly graétn the free air deflection, as
described previously.

* An even more gentle engagement
occurs by wheeling down 10 um, then
clicking Engage

« If the tip does not engage, click the
Withdrawbutton, wheel down another
10 pum, and repeat.

* Notice that each graduation on the
front thumbwheel is 1 um.

3. Once feedback has been activated, continue to lower thevagathe front thumbwheel to
~ 70V (i.e. no color in Z-Piezo meter). This indicates that fhezo is in the middle of its
Z-range (~ 7.5 um standard head; ~ 20 um extended head).

4. Atthis point the tip is engaged and just sitting on the swfdicdoes not begin rastering until
you tell it to do so. You can now begin imaging or determine$ipeing Constant, sée

5. If the Z-piezo voltage is railed all the way blue (-10 V) updicking simple engagement, the
piezo is fully retracted because it thinks it has crasheds THuicates a false engagement,
and adjustment must be made to the Setpoint voltage to altension of the piezo. This
often occurs when imaging in fluids or in high humidity, or vibo low a Setpoint voltage
(i.e. low force).

1SPM Applications Guide, Chapter: Thermal Tuning
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6. Check if the acoustic hood door hatch is still open. If it |ldw these steps to preserve the
tip’s apex while shutting the door:

¢ Click on thewithdraw button.
¢ Close the hood door.
 Click on theEngage button.

« Proceed with scanning.

7.5. Start Imaging

Start the scan:

* Click the Do Scan button (or Frame

Up or Frame Down) on th®lain Tab I Dotcan l l Stopll I
1. in the Master Panel. The tip will
begin scanning from the top or I Frame Up | l Frame Downl

bottom of scan area. The red marker
to the left of each image window
indicates the current scan line.

2. Look at the Height Channel image and locate the blue and igakedtaces beneath it. These
are the last collected trace and retrace scan lines. Thdrigashould look nearly identical
to the retrace. For the calibration grating sample, theyishimok like a square wave. To
achieve this, some adjustment of the parameters is ususdigad.

Note Wait until the tip is actually scanning over some pits in théhration grating. There
is not much to image on the plateaus in between the pits. $kgpod time to turn off the
slow axis, se&ection 4.10.7 on page 45
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85% Set Point

Mm

30 pm

Setpoint Voltage ~ The Setpoint Voltage generally needs adjustment:
* Increase th&etpoint Voltage value to increase the force applied to the sample,
and to improve the tracking.
» Lower Setpoint voltages may help preserve the tip apex, but may not alloweasro
tracking of the surface.
* For this example, use$etpoint between .5V - 1V.
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4.
Integral gain adjustment:
* Increase théntegral gainto improve the tracking, but at a certain level the signal
will start to ring.
» Decrease gain until ringing ceases in trace and retrace.
Note There is a slight offset between the trace and retrace lm#wigraph. Good
tracking means that they should have similar shapes, nessadly perfect
superposition.
Note When adjustingntegral gain another channel to look at is the deflection image.
Feedback oscillations are easily detected in the deflectiage because it is an image
of the feedback loop error.
Scan rate adjustment:
* If tracking still seems to be an issue, try lowering 8wan Rate. Slowing the
Scan Rate down will help the feedback keep up with the image features.

5. » The Scan Rate cannot be updated during imaging like othagimy parameters.
You must clickFrame Up or Frame Down buttons to initiate the newly entered
scan rate.

Note Too slow of a scan rate can introduce image artifacts duectorthl drift.
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Scan angle adjustment:

Note Forthe Olympus AC160 and AC240
cantilevers, the tip will be symmetric or
asymmetric based on the scan angles shown
on the right. For a better representation of

6. | side walls 0° scan angle should be used.
However, tracking could be difficult due to
the steep edge of the tip. Better tracking 0° Scan Angle 90° Scan Angle
could be achieved with a 90° scan angle.

This is one example; refer to cantilever

documentation for different tips.
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8. Tutorial: AC Mode Imaging in a Liquid Droplet
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AC mode in liquid is frequently used to observe structuresdpminately biological in nature, in
their native environments. AC mode is often the preferretin@ue over contact mode due to the
reduction of the vertical (applied) forces and the elimmrabf the lateral forces.

This tutorial focuses on the simplest experimental setap, a small droplet of liquid sitting on
a microscope slide. Once you have mastered this tutorial,cagm move on to more advanced
accessories, such as:

Fluid Cell Lite: For general purpose imaging with an evaporation shield himdglass coverslips.
See??on page??.

Closed Fluid Cell:  Similar to the Fluid Cell Lite, but with the ability to seal @rllow general
liquid exchange under slight pressure. 38®n page??.

Bioheater: Also for general purpose imaging, but with an immersion inga¢lement. Se&? on
page??.
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Petri Dish Holder:  For imaging in a variety of cell culture dishes. S¥&on page??.

Petri Dish Heater: Similar to the Petri Dish Holder, but with heated tempemtoontrol ability.
See??on page??.

Cooler Heater: For imaging in drops or small volumes with cooling or heatimgt without bottom
view access. Se#? on page??.

MicroFlow Cantilever Holder: ~ For use with all of the above sample types, plus the abilitgxo
change 50 pL liquid volumes near the AFM tip. S¥xon page??.

If you prefer imaging in liquid, consider the iDrive cantier holder (se@?
on page??). It excites the cantilever magnetically and does not stiften the
Tip “forest of peaks” phenomenon. Autotune ($xstion 4.7 on page 33
immediately works in liquids and Q-control also works quitell. For more
information also rea&PM Applications Guide, Chapter: iDrive Imaging

8.1. Prerequisites

This is a somewhat advanced imaging mode. You must be famiith the AC Mode imaging in
air tutorial Chapter 4 on page 15

8.2. Terminology

Sample Material to be imaged (molecules, cells, etc.)

Substrate Surface on which the sample is immobilized — typically migegphite, gold, glass,
etc. The substrate is attached to the support.

Support The support (generally a glass slide) is mounted on the AFM.

Some examples of typical mounted samples are showrilin

—_— Sample .
Liquid Droplet i
RS Mica Disk (substrate) .
[ 1
Glass Slide (support) _j
(@) Schematic Sample Mounting. (b) Sample mounting examples: Gold on glass,

mica disc glued on glass, HOPG glued on glass.

Figure 8.1.: Sample mounting examples.
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8.3. Sample Prep

Common sample substrates include mica, graphite (Hightie@d Pyrolytic Graphite or HOPG),
silicon or gold, or on a rougher substrate such as glass gdh#ple is larger, such as living cells.
The substrate may be attached on a glass slide or its equi&eerigure 8.1b on page 6.7

Do not spill liquids on your AFM head or scanner, as this cal l® damage.

Please read the following before you proceed:
Warning
e ??0n page??

1. Prepare the substrate

« |f using mica as a substrate, a “hole punch” (for examplescision Brand, #40116r Mc-
Master - Carr'sShim - stock or Gasket/Washer Punch sets, #s 3472A11, 343G4B0OA15)
may be used to quickly make the discs. It is inadvisable tosegsors to cut the mica as
that may induce the crystal layers to separate, which willin allow liquid to leak through
the layers and peel off the top layers during imaging. Akety, it is possible to buy pre -
made mica discs (frorfied Pella, Incfor example).

« Use a small drop of epoxy (or any adhesive that does notldésgo water) to immobilize
the substrate on the slide. Double-sided tape should béedoit commonly caused large
scale drift problems when used to attach substrates to tiposu

2. Prepare the support

 To stop the liquid from spreading on the support, which dauintaminate the sample if the
support is not clean, a hydrophobic film may be depositedratdloe substrate. Use any of
the following for this purpose:

« PAP pens are very convenient for this purpdskctron Microscopy Sciences AQUA-HOLD
Pap Pen

— Teflon tape, such as 7562A17 fravicMaster Carr

— Parafilm.

— PTFE printed slides, available froEiectron Microscopy Science3hey have a wide
selection to choose from, but #63419-12 is the most apatapfor our system.

Dow Corning High Vacuum Greafermerly 976V vacuum grease) works very well to
“paint” a barrier on a glass slide. To do this, you can fill a Bsainge with the grease
and use a blunt needle to dispense it onto the slide.

SecureSeal Spacers from Grace Biolabs: SS13@04ireSeal Imaging Spagcer also
PCI-0.5-CoverWell Imaging Chambers.

Note See8.2for photos of some of these listed examples.

3. Prepare the sample

¢ Immobilize the sample on the substrate. Typically thip $twolves depositing a drop of the
sample onto the substrate and letting it incubate for a darfdime. Set the sample aside if
incubation is required.
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Ch. 8. AC Mode Droplet Imaging Sec. 8.4. Prepare the AFM Head (  Dry Run)

4. Prepare the solution

Things work better if the solution is at room temperatureréhwill be less thermal equilibration
then if the solution came out of the refrigerator.

(a) Grace Biolabs Secureseal.

EXX

(c) PTFE slide #63419-12.

Figure 8.2.: Various water barriers on slides.

8.4. Prepare the AFM Head (Dry Run)

This process is very similar to that of AC mode imaging in air:
 Loading the cantilever holde&gction 4.2 on page 1.6
* Mounting the cantileverSection 4.2.3 on page p1
* Head and sample placemefection 4.3 on page 22

Since that has been covered in detail, the remainder ofékigos will only cover the major steps:

Choose and Insert a Cantilever Chip
* Insert the probe into the holder.

» Select a low spring constant cantilever. For exampleailinitride cantilevers,
1. like the short, 40 um Biolever MiniBL-AC40TS) from Olympus, are a good
choice for AC mode in liquid. Please visit our probe store ighgu can browse
by application type if you are in need of cantilevers:
http://www.AsylumResearch.com/ProbeStore

Place the support on the scanner:

2. e Put a spare dry substrate/support onto the scanner andt irofalace with the
magnets.
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Ch. 8. AC Mode Droplet Imaging Sec. 8.5. Software Prep

Lower the AFM Head
» Before lowering the head, make sure that its legs have lmsed sufficiently to
prevent crashing the cantilever (or even the cantileveddrplonto the surface.

« |f using the shorter, 40 or 60 um Biolever it is recommended the user angle
3. the head so that lever side rear leg is slightly lower tharother two legs. This
will ensure that the small cantilever will be the first thirmgdontact the surface,

instead of the cantilever chip or the longer Biolever.

 For other cantilevers, such as the Olympus TR400 or TR8@0héad should be
more or less level.

Position the laser spot:

* Itis easier to position the light beam on the cantileveriinkefore the cantilever
is placed in the liquid.

« Ifthe MFP - 3D - BIO ™ is being used, a CCD camera may be pludgtdthe
inverted optical microscope, or you can use the standar@i@attached to the
4. Top View IO pillar.

 In any case, once a good video image of the lever is obtamédhe laser spot
on the lever.

» The SUM signal obtained on silicon nitride cantileverssple their gold coating,
is typically lower than on silicon cantilevers (between 8 &wolts).

8.5. Software Prep

1. Start up the software as describeddhapter 3 on page 10

;1 Mode Master e | g
Select your mode: ™

e The software should now be showing
the mode master window.

2. * If not, click the Mode Master button
at the bottom of the scree ®.

« In this example we will start with AC
water topography (see below).
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Ch. 8. AC Mode Droplet Imaging Sec. 8.6. Place head above the w et sample

. i I
ed- ¢ -
e - E

S‘tandard___ ‘

ACWaterTopography

| Topography...

Select:
» SelectStandard > Topography > ACWaterTopography

e The screen will now re-arrange and present all the contretessary for this type
of AFM imaging.

8.6. Place head above the wet sample

Place the sample on the scanner.
¢ Now that everything is aligned, remove the head and dummmpka

 Place the actual sample which may have already been wehaunldating. If it is
still dry, add enough water to make a drop about 1cm in dianfséeFigure 8.2b
on page 63 In the case of a mica disc substrate, surface tensiondheeb the
1. drop from spilling over (se€igure 8.1a on page $7

Note Make sure the support does not touch the black part of thenecamce only the
central silver part scans in the X and Y directions.

Note As stated previously, be sure to angle the head accordifgkirig the 40 or
60um BiolevelStep 3 on page 70
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Ch. 8. AC Mode Droplet Imaging Sec. 8.6. Place head above the w et sample

Wet the Cantilever

e To wet the cantilever using a pipette,
put 2 or 3 drops of liquid between the
lever and the cantilever holder. You
can place one drop at the corner of the
chip, and pull it slowly and gently
towards the lever to pull the drop
under the lever. Don't flood the head, ﬁ
just a few drops, liquid in the head
electronics is, really bad.

» When liquid gets into the head, ‘

2. immediately power it down by turning
off the controller. Set the head right
side up and remove the cantilever
holder. Dry any visible liquid and let
the head dry out. Extra care should b
taken the next time you use the head
to ensure it is working properly.

Note This step is optional, but highly
recommended since it reduces the risk of
creating air bubbles on the cantilever, and
fills the space between the substrate and the
bottom of the cantilever holder with liquid.

Place the AFM head on the stage or base

¢ Make sure the sample, substrate and
cantilever chip are totally immersed
in liquid. This is important, since the
liquid will not always fill the whole
space between the cantilever chip anc
the holder. If this happens, the the
laser beam will not reach the
photodetector.

Note Also beware of using too much
liquid, as it should never spill around the
cantilever holder or onto the electronics
behind it.
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Ch. 8. AC Mode Droplet Imaging Sec. 8.7. Cantilever Tune

Realigning the Laser Beam Once the cantilever has been fully immersed in liquid,
the SUM signal will disappear. This is because the opticti adifferent due to the
change in the index of refraction. The light beam needs teteected to the lever to
regain the signal.

4. e Turn LDX clockwise. The SUM signal should increase to itsximaum value.

» Typically, the value will be lower than it was in air. Typloalues for silicon
nitride cantilevers in liquid are between 3 and 4V.

e You may also want to refocus the video view once you are undig

Trouble? For AC Mode in Liquid Troubleshooting topics see Section 8.10 on page 78 .

8.7. Cantilever Tune

Tuning in liquid is more difficult than in air. There is coupdj between the liquid and the cantilever,
and possibly the cantilever holder and other componentsedls Whis creates multiple peaks (a
“forest of peaks”) which makes choosing the correct pedicdit.

For more details on how to tune a cantilever from a thermalS$avl Applications Guide, Chapter:
Thermal Tuning

Here we will go through a quick guide on how to work with tRmlevers 150n water.
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Ch. 8. AC Mode Droplet Imaging Sec. 8.7. Cantilever Tune

"5 Master Panel (ctl+5) =l
: Main | Thermal | Force | Tune | FMap | |
I Sader ‘rf;;J: ;‘l;ﬂ;a;ﬁlj--‘lm_ ‘
e T @ |

Zoom Center | 7.516 kHz i €3]
Zoom Width | 30.000 kHz S &)

[ Initialize Fit | @

@ Cal Spring Constant ) Cal InvOLS @

| FitThermalData | @

Amp InvOLS | 109.00 nm/v I H @
Spring Constant | 1.00 nN/nm 3 ﬁ @
Thermal DC | 1.00e-14 i @
Thermal Q[ 20.0 2] &]]
Frequency | 7.516 kHz i @
White Noise | 5.00e-15 I @

Fit Width | 20.000 kHz g @
showFit[©] [ Show Thermal | @
Graphlog|  Log/Log E‘ @
Averaging Count | 1000 s} @
Current Samples [0 7 k]
Resolution| 5; deﬁuﬂt E @

| ThermalPanel | | Setup | @

Figure 8.3.: Master panel, Thermal tab

Do a thermal:

 In theMaster panelCtrl + 5), select the Thermal tab (SE&ure 8.3 on page 7%

e Then click onDo Thermal(Ctrl + 2).

The resulting spectrum:

e There should be a broad peak around

the resonance frequency of the :
cantilever.
Note If the value of the resonance

2. frequency in liquid is unknown, it is (very :
approximately) 1/3 of its value in air. For "3
example, when using a 60um long Biolever :
from Olympus, has a nominal air resonance .
of 37 kHz, the peak in water is at about 8
kHz.

3. Zoom in on the peak, and fit it. If the fit is decent, right clickthe thermal and select Move
Freq and Phase to the tune.
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Ch. 8. AC Mode Droplet Imaging Sec. 8.7. Cantilever Tune

Set up the tune:
 In the Master panel, select theine’ tab.
« Near the bottom, expand graph, turn‘append Thermal’.
¢ Then, set theSweep Width’ to 20 or 30 kHz.

& Cantilever Tune Q@ﬁ

Rename | [ save | [ _Edt | [ FTP | [ Layeut | [ Help |

Amp [110539mV_| Freq[8534kHz | a[108 |

Click on ‘One Tune’ (Ctrl + 4) 010+

0.08V

5. Note The the “forest of” peaks vary
greatly from experiment to experiment.

0.06V
0.04V o

00vH -

0.00v -2

#: Cantilever Tune Q@E

Rename | ([ save | [ Edt | [ PP ][ Layout | [ Hep |

Amp [445835 mV Freq [8.526 kHz Q

Try a higher drive amplitude:

0.4V~

« |If the signal noise is low, you can
increase th®rive Amplitude and
click One TungCtrl + 4) again.

03V~
02V~

oV -

0.0v

& Cantilever Tune g@ﬁ

Rename | [ save ([ Eat J[__FP | [ Layout ] [ Help |

Amp [220.776 mV Freq [8.526 kHz a

Select a peak: :
0.4V o Set Drive Frequency

e Choose the most prominent peak that Center hise
7. overlaps the thermal. Right click just | - Lirp T set 044y as Max Ampltitude?
left of that peak.

Cancel

02v—

¢ ChooseSet Drive Frequency As’ .

01V~

0.0v

8. Click the‘Center Phase’ button . This will center the phase at®@® resonance. This allows
you to monitor whether the tip is in the attractive or reprdsiegime. However, this does
not hold as true in liquid (using shake piezo drive) as it doesr.

If you prefer imaging in liquid, consider the iDrive cantibr holder (se@?
on page??). It excites the cantilever magnetically and does not suiften the
Tip “forest of peaks” phenomenon. Autotune ($xction 4.7 on page 33
immediately works in liquids and Q-control also works quitell. For more
information also rea&PM Applications Guide, Chapter: iDrive Imaging
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Ch. 8. AC Mode Droplet Imaging

Sec. 8.8. Choose Imaging Param

8.7.0.1. Change the R Filter Value

1. Change the value of the Feedback filter on the main tab (may toegse setup to show the
control) to 500 Hz.

This digital filter is applied to the AC signal coming from tplotodetector. It has to be at a
different value when working at these relatively low fregaies. In contrast, the R value should

be 1500Hz (1.5 kHz) for AC mode in air.

8.8. Choose Imaging Parameters

The values below are only suggestions and may be optimized Wdth some user experience.
(SeeFigure 8.4 on page 7pReturn to the Master panel and review and adjust each péeaae

follows:
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| Master Panel (Cirl+5) [=E [z

Scan Size | 2.00 Ml H @&
I ScanRate 1.00Hz & I
————— —l—u——l————l—_—_—-
X Offset | 0 nm [cl®!
Y Offset| 0 nm [ElG
Scan Angle | 0.00 ® =
Points & Lines | 512 ]
Width:Height | 1 el &

DI o i i i i
SetPoint | 600.00 mV 3

= 1
1 Integral Gain|8.00 ® |
N\ -

Feedback Filter| 1500 kHz 12 0
I Drive Amplitude | 250 v 5 &

—_—————— e e
Drive Frequency | 7.516 kHz IE &
Input Range +2.5V E

Imaging Mode | AC Mode E]

| AutoTune | | Engage |
| DoScan | |  Stopt |
[ Frameup | [Frame Down|

Base Name |Image

Base Suffix| 0000
Note
Save Images V| [ path_ | [ Save image |
Save Status: ,Mt Save Prev
|  MainPanel | | Setup |

Main | Thermal | Force Tune | FMap |

B R

=]

|
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[
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I
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Figure 8.4.: Master Panel Main Tab
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Ch. 8. AC Mode Droplet Imaging Sec. 8.9. Engage

8.8.1. Drive Amplitude

This parameter determines the free amplitude of oscillatiWhen imaging most biological sam-
ples in liquid, smaller oscillation amplitudes are betf€ypical small values are 0.7 to 0.9V. For
harder surfaces like biomaterials (polymers, ceramicsalsiea free amplitude of 2V can be used.
If the sample is sticky, it may be better to use higher values.

8.8.2. Setpoint

The setpoint has to be smaller than the free amplitude -ajlgiabout 80% of the free amplitude.
In order to be gentle when imaging soft samples, it is préleréo use a setpoint value close to
the free amplitude. For example, when imaging DNA in liquidhwa free amplitude of 0.8V, the

setpoint should be 0.6V.

8.8.3. Scan Rates

The typical scan rate in liquid is 1Hz, although some sampiay require lower speeds. For
example, living cells can require 0.2 Hz.

8.8.4. Integral Gain

Start with a value of 10 and optimize the gain constantly evimhaging. Typically, you should
increase the value until noise in the amplitude is visiblent reduce the value until the noise
disappears. This value is ideal for optimal tracking of tample. Note that Proportional Gain is
less effective and can be set to OV most of the time. Driveueagy was already chosen when the
cantilever was tuned. The other parameters should be sitoithose for AC mode in aChapter 4
on page 15

8.9. Engage

The engagement procedure is the same as in air. Below is farenender of the engagement
process. For more detail on engagement, please see S8etivion 4.8 on page 3r the so-
called “Hard Engage.” Better yet, s&ection 4.10.6 on page 4dr the “Soft Engage”, which is
much gentler on your tip.

1. In the Sum and Deflection Meter panel, click on the ‘Simple &Jej button.

2. Carefully lower the head until you hear the audible engad#icetion and the Z voltage is
centered at approximately 70V.

3. Using the Trace/Retrace graph as a guide, decrease theisetptil the tip is tracking the
surface well.

4. Adjust the Integral Gain and Scan Rate as needed.

SYLUM

ESEARCH
an Oxford Instruments company support.asylumresearch.com Page 77



Ch. 8. AC Mode Droplet Imaging Sec. 8.10. Troubleshooting

8.10. Troubleshooting

8.10.1. Bubbles

Figure 8.5.: (A) bubble trapped between the legs of a triangular cantilever, and (B) view with the
bubble absent.

An air bubble may get trapped somewhere by the cantileveichmhuill eventually compromise
the deflection signal because the bubble may migrate. Itdstbeget rid of these bubbles before
imaging.

Observe a bubble:

» On atriangular lever the bubble may
look as it does irFigure 8.5 on
page 78

* \ery floppy cantilevers may be
deflected due to the surface tension
from a bubble. This can angle the
lever so it reflects a lot of
illumination, as seen in the image to
the right.
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Ch. 8. AC Mode Droplet Imaging Sec. 8.11. Maintenance

Lift the head:

 Gently lift the front of the head up,
pivoting on back legs, such that the

2 cantilever holder comes out of the

' liquid.

* Plunge it back into the liquid.

* If necessary repeat a few times.

Observe to see that the bubble is gone:

3. « A dark lever indicates that there is no
longer a bubble.

4. If the bubble is not removed after trying multiple timest {ife head up off the stage, place on
its side and dispense some imaging liquid to remove the kbullth the force of the liquid
under gravity.

5. Re-wet the tip and place back on stage. Try again.

8.11. Maintenance

At the end of your experiment, remove the cantilever (it igisable to discard it) from the holder
and clean the holder. There are multiples ways of cleaniagamtilever holder: the following list
describes only some of the available methods.

» Use soapy water and gently rub the holder with your fingexfguably while wearing gloves.
Make sure not to scratch the glass window through which tiiet beam travels. Rinse
copiously with deionized water.

— Optionally, you can followed that by two additional stepsirse with 70% ethanol in
water, and a final rinse with deionized water.

* Immerse the top of the holder (the Kel - f part) in ethanol aadicate for 2 minutes.

* Use a gentle plasma treatment: 30s at 50W and 0.15 torr.

Note Cantilevers are difficult to clean. You can try ozone treathfier 1 min, or plasma treatment,
as mentioned above. Some authors also use piranha solwiibich isvery dangerous, DO NOT
use piranha solution without proper safety equipment aaiditrg.
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8.12. Troubleshooting

8.12.1. Difficulties with Soft Engage

The soft engage is difficult in air, in liquid is can be even mdifficult.

You should be proficient with soft engage in air (S=ztion 4.10.6 on page Xdefore you attempt
to engage with the soft engage in liquid. But some addititimalgs to consider when doing a soft
engage in liquid.

1. As you thumbwheel down, you will notice that the Amplitudduain the S&D Meter is
increasing instead of the expected decrease. This is (believed to pbecause of the lig-
uid being compressed between the tip and sample from théatisgy shake piezo in the
cantilever holder, effectively imparting a larger Free #éitnge onto the cantilever as it ap-
proaches the surface.

2. Use the Hamster wheel to occasionally decrease the Drivéitadgto maintain the proper
setpoint ratio (i.e., ~95% of the free air amplitude).

3. Slowly decrease the setpoint voltage with the Hamster e that the tip ‘hard’ engages
on the surface.

4. Move piezo into middle of Z range (=70 V).

5. Start scanning.

8.12.2. Tuning imaging parameters in liquid:

Tuning the imaging parameters in liquid can also be a litttgkieer than in air. We suggest exercis-
ing patience, especially when imaging soft biological sl®pecause this should be done at low
scan rates (< 0.5Hz), increasing acquisition times.

Although calibration grids are also great for learning hownhage, it is NOT a good idea to put
water onto the provided 1@m calibration grid, they are never the same after that.

NOTE: Depending on the sample, obtaining really good trackingiglly NOT a frequent occur-
rence when imaging in liquid. When you get something thak$aeal, go with it.

It is also possible to image at very low Drive Amplitude antps@t voltages. The problem is that
you may not be able to engage with low amplitudes. The trickitis once the tip is engaged and
imaging, slowly step down the setpoint and Drive Amplitudesatively. It can take a while, but
the results can be very good - lower tip oscillations meas $asnple perturbation (especially with
cells and other bags of water).

Additionally, the Drive Frequency can be adjusted a smathamh (using the Hamster wheel works
well for this) until the better imaging is obtained.
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Part Il

Advanced Imaging Hardware

Part Il: Who is it for? Once you have become familiar with basic imaging, as desdrib the
tutorials inl, this manual will guide you through the many advanced accesswhich the MFP-
3D offers. For example, to collect images on samples heditedes200° C, a Polymer Heater and
Environmental Controller are required. Use of such accesswill be described in this manual.
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Ch. 9. Conductive AFM (ORCA)

9. Conductive AFM (ORCA) Hardware

CHAPTERREV. 1580,DATED 08/30/2013, 06:11. BERGUIDE REV. 1590,DATED 08/30/2013, 12:47.

Chapter Contents

9.1  PrerequiSiteS . . . . . . o e e e e e e e e e e e e e e e 83
9.2 PartsList . . . . . . e e e 83
9.3 ORCA (Conductive AFM) Cantilever Holders . . . . . . . . . . . . ... ... ... 87
9.3.1 Standard ORCA Cantilever Holder . . . . . . . . . . . . ... ... .... 87
9.3.2 Dual Gain ORCA CantileverHolder . . . . . . . . . . . . ... ... .... 88
9.3.3 Identifying your ORCAholder . . . . . . . . . . . . . o i e 89
9.3.4 Attachingthe BiasWire . . . . . . . . . e e e e e e 89
9.35 Testingthe ORCAholder . . . . . . . . . . . . . i v i it et 89
9.4  Sample mounting . . . . . . . e e e e e e e e e e e e e e e 90
9.5 Inertatmospheres . . . . . . . . e e e e e e e e e e 92
9.6 Engagingthetiponthesample . . . . . . . . . . . . . ... e 92
9.7 Conductive AFM Imaging . . . . . . . o v i e e e e e e e e e e 93

This chapter describes the hardware required to performudive AFM with the MFP-3D AFM.
Conductive AFM Theory and SPM software instructions arecdiesd in another manualSPM
Applications Guide, Chapter: Condcutive AFM

9.1. Prerequisites

Conductive AFM Imaging is a fairly advanced technique. Bssumed that you are proficient at:
e Basic AFM Safety Chapter 11 on page 185
« AC Mode Imaging in Air Chapter 4 on page 15

e Contact Mode Imaging, described in another man&M Applications Guide, Chapter:
Contact Mode Imaging

9.2. Parts List

The following list contains all of the parts in your accegskit. The table is useful as a visual table
of contents with links directing you to the specific uses aftepart. When ordering parts, please
refer to the part numbers in the second column.

This kit has asylum part number 900.231.
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Ch. 9. Conductive AFM (ORCA)

Sec. 9.2. Parts List

Itm

Part #

Item Description

Qty

Picture

001.FILL
#000 -
120 X

0.094 SST

000-120 X 3/32”

Fillister Head Stainless Steel
Screws. Use with screwdriver
290.110. A few are included
since these screws, while
standard, can be tricky to find
outside the USA.

AC160TSor

\)
AC240TS \

111.725

Fluid Cell Ring Tool. Used to
adjust retaining retaining ring .
Used only during disassembly.

111.737

Modified 0-80 Screw. Used to
attach the cantilever clip to the
body. Note that these screws
have been machined to a
nonstandard length. You must
only use this Asylum part
number.

111.738

Modified 1-72 Screw. Tighten
the cantilever under the clip.
Note that these screws have be
machined to a nonstandard
length. You must only use this
Asylum part number.

112.495.02

Coupling Pad 0.015". Ensures
the mechanical contact betwee
the AC mode shake piezo and
the cantilever holder. Without
this pad, AC mode imaging is

not possible.

[P

The scale in the photos is in cm and mm.
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Itm Part # Item Description Qty Picture
SCMagnet .17” Diameter X
6 208.06 .200” L Unpainted
0O-Ring, 0.244” ID X 0.016"CS,
! 230.011 Viton, 55 Durometer. 5
#00 Phillips WIHA Screwdriver
8 990.106 261 PH 00 X 40. Us_ed ona 1
regular basis when inserting an
. . I ]
removing cantilevers. W2 5 4 S & 7 8 9 10 @
WIHA Screwdriver, Flat Tip 260 ;ﬂ
9 290.110 | 1,5 X 40. Used only during 1 '_
disassembly. g 400 0
0.050” Ball End Allen Wrench. I
10 290.116 Useq when dlsassembllng the 1
cantilever holder for cleaning. :
; a2 3 4 65 6 F
11 290.160 Leitsilber Conductive Paint, 0.5 1
Oz.
12 439.028 | Micro Alligator Clip. 1
The scale in the photos is in cm and mm.
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Itm Part # Item Description Qty Picture

13 | 448.017 | Orca Wire Assembly 1 \E—-—//

A |
14 448.018 500MQ ORCA Test Resistor 1 '

Assembly. ,_L:'__.ﬁ;

r
— \
1.5" ORCA sample holder wire —— -
15 448.021 | assembly. 1

o — -

(il W B e S a
' [ Model # ;
i

803.0LY.AC240TM

803.0LY. | Olympus Electri-Levers, Model

16 AC240 TM | AC240TM. !
17 900.150 ORCA (Electro Contact) Sample 1
Holder.
The scale in the photos is in cm and mm.
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9.3. ORCA (Conductive AFM) Cantilever Holders

The ORCA conductive AFM cantilever holder can, via a smdhde wire, apply a software con-
trolled voltage to an electrically isolated sample. The oarld electronics hold the tip at virtual
ground and measure the current flow between tip and sampig asiow noise transimpedance
amplifier (current to voltage converter) built into the ¢lavier holder.

The ORCA cantilever holder is identical to the standard itawgr holder in nearly all respects.
It can be used for contact mode and AC mode imaging, as wefl #sid (when not performing
current measurements). It is disassembled and cleaned sathe way. However, since the metal
clip is part of the current measurements system and sitstaal/ground, it cannot be used for tech-
niques which require the application of a DC tip bias voltéldee KPFM, seeSPM Applications
Guide, Chapter: Kelvin Probe Microscopy

The orca cantilever holder comes in various varieties dssttin the next few sections.

9.3.1. Standard ORCA Cantilever Holder

(a) Front side. (b) Back side and identifying features. The circled
components are only present on the ORCA can-
tilever holder, and not on the standard cantilever
holder.

Figure 9.1.: Standard or Single Gain ORCA Cantilever Holder.

The standard (Single Gain) ORCA cantilever holder can behased in a variety of preconfig-
ured current ranges. At the time of purchase you will neecttecs the one appropriate for your
experimental requirements.

* The ID is the number printed on the side of the black ring adincuit board side of the
cantilever holder.

 Test resistors are provided for testing the operation @ttansimpedance amplifier.
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| Part# | GainR | ID | Sensitivity | Current Rangg Typical Noise (1kHz BW)|

908.027] 500kQ (5€5) | 6 | 2pANV +20 PA 1nA
908.028| 5MQ (5€6) | 7 | 200nA/NV +2 YA 75pA
908.029| 50MQ (5e7) | 8 | 20nANV +200nA 3pA
908.036| 500MQ(5€8) | 3 | 2nANV +20nA 1pA
908.030| 5GQ (5€9) | 9 | 200pA/NV +2nA 0.5pA

9.3.2. Dual Gain ORCA Cantilever Holder

The Dual Gain ORCA cantilever holder is almost like ownin@tstandard ORCA cantilever hold-
ers in one package. It has a current to voltage convertehédotv gain stage followed by a gain of
1000 for the high gain stage. Both outputs are available Is3meously, though usually only one is
meaningful at any given time. This does come at the expensenoé added noise in the high gain
measurements.

(a) Front side. (b) Back side and identifying features.

Figure 9.2.: Dual Gain ORCA Cantilever Holder.

» The ID is the number printed on the side of the black ring andincuit board side of the
cantilever holder.

* Test resistors are provided for testing the operation @tthnsimpedance amplifier.

| Part# | GainR| ID | Sensitivity | Current Rangg Typical Noise (1kHz BW)]

908.xxX 1kQ 29 1ImA/V +10mA 150nA
' x1000 1pAN +10pA 1.5nA
20kQ 50pA/N +500pA 7.5nA
908.067 x1000 40 50nA/V +500nA 75pA
100kQ 10pANV +100pA 1.5nA
908.045 x1000 22 10nANV +100nA 15pA
1MQ 1pANV +10pA 150pA
908.051 x1000 14 1nA/V +10nA 4pA
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9.3.3. ldentifying your ORCA holder

You can visually identify your type of cantilever holder iindhe previous sections and by looking
for an ID number on the cantilever holder ring and look it uphia tables.

If you have a functioning MFP-3D nearby, you can simply ditdee cantilever holder to the AFM
head (se&tep 2 on page 2land use the software to identify the type from hregramming>
Cantilever and Sample Holder panelenu. Every MFP-3D cantilever holder type has a unique
electronic ID.

9.3.4. Attaching the Bias Wire

Once you have identified your ORCA holder and the softwaredmmynized the sensitivity, verify
that there is a bias line attached to the holder. These anglilte wires inFigure 9.3 on page 90
If such wire is not present, please follow the steps listddviae

Please refer to the parts liss€ction 9.2 on page 83or more information on part numbers men-
tioned in these steps.

1. Place the ORCA holder with the circuit board facing up.
2. Locate the small slotted screwdriver (part 290.110) andhaespias wire (448.017).

Attach the bias wire:

» Loosen by a few turns the screw
which in the photo has the bias wire
leading to it.

 Position the C shaped ring on the wire
under the screw and tighten the screw
until snug.

Note The screw at the top must be present
since it connects the circuit to the metal clip
on the other side of the cantilever holder.
The other four screws only keep the circuit
board attached to the cantilever holder.

9.3.5. Testing the ORCA holder

For a multi user facility, it is a good idea to test the ORCAdw®ul before use each time a new
experiment is attempted. For a single group system, thisabgbly not necessary. For older
ORCA holders that do not have painted rings on the metal garieoholder (sed-igure 9.3 on
page 90, caution should be used in loading the holder into the hEdlde holder is rotated so that
the wrong pogo pins are shorted, the op amp can be damaged|binave to be replaced. Holders
with painted rings will not have this problem.

To test the holder:
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Figure 9.3.: For ORCA holders without the painted ring, please use caution in loading them into the
head, as the metal ring can short the op-amp.

5.
6.
7.

. SeeFigure 9.4 on page 91Locate the 500 MR resistor in the ORCA kit, and connect it

between the cantilever holder and the bias wire. A convénigy to do this is to put the

wire end of the resistor through the small loop in the caviteclip. Use the alligator clip

included with the ORCA kit to connect the bias wire to thestsi Make sure the clip does
not short out on the head. One way to be sure this does not hépfmeslide a piece of paper
between the clip and the head.

. Note that for the ORCA holder with sensitivity 1nA/V you wileed a 500K resistor. For

the dual gain, we typically use a 1@ as that will test both gain stages.

Once the resistor is in place, open the software. From theurban selecAFM 3D controls
> DolV panel.

. Set the amplitude to 1 V, frequency to 1 Hz. Set the functiom®DolVTriangle’, and click

‘display’. This will show the waveform that will be used to test the s&si
Click ‘do it".
Display the curve.

The curve should be linear, and the slope should equal tisarse of the test resistor.

A more complete description of current-voltage curves &igibelow in the |-V curve section in
the SPM Applications Guide, Chapter: Condcutive AFM

9.4.

Sample mounting

Samples must be less than a few cm in diameter and prefeegsythan 1mm thick.
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Figure 9.4.: Connect the test resistor in between the bias wire and the probe clip as shown

Mount the sample:

 Locate the sample mount (900.150).
It is made of aluminum with an
anodized non conducting surface.
Remove and store any excess clips
and plastic screws.

» Use one of the supplied clips to clamp
your sample against the plate. The tip
of the clip must make contact with the
conducting top surface of the sample.

Connect the clip to the magnet: — \

2 » Locate a jumper wire (448.021) to _
connect the end of the clip to one of e o

the magnetic gold plated blocks.
] 4%&1““%44&

3. Place the whole sample mount on the MFP-3D scanner plater-i§ee 9.5 on page Sfr
an example a mounted sample with the jumper wire attached.
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Figure 9.5.: Connect the bias wire that drops from the cantilever holder down to the magnet on the
ORCA sample holder magnet as shown.

9.5. Inert atmospheres

For conductive imaging in inert atmospheres, please cendliet closed cell specifically designed
for that purpose .

9.6. Engaging the tip on the sample

1. Adjust the legs of the MFP-3D head so that the tip will sit a@skea few millimeters above
the sample when the head is placed over the sample.

2. Check that the bias wire sticking out of the cantilever holdefacing toward the rubber
button which releases the cantilever holder.

3. When the head is placed over the sample, the end of the biaskhauld magnetically attach
to the gold plated magnetic block at the edge of the samplentn@ed-igure 9.5 on page 92

4. The bias wire now applies voltage via the metal block, to taep, to the sample. When the
tip (held at virtual ground) touches the sample, current$lfnam the surface of the sample
into the tip and is measured by the amplifier on the cantiléatdler circuit board.

The black anodization on the sample mount must remain peisti prevent
Warning electrical connections between it and the the top of thermralease use it
carefully and store it safely when it is not in use.
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9.7. Conductive AFM Imaging

The specifics of conductive AFM imaging are describe in agothanual: SPM Applications
Guide, Chapter: Condcutive AFM
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10.1. Overview

This chapter was written on the second generation VFM2 mdabela

Note discussion about differences of the previous VFM modebhgdesed 0.13

10.1.1. Prerequisites

Imaging with applied magnetic fields is a fairly advancechtégue. It is assumed that you are
proficient in:

» Basic AFM Safety Chapter 11 on page 1R85
» AC Mode Imaging in Air Chapter 4 on page 15

* Magnetic Force Microscopy, which is describedSRM Applications Guide, Chapter: Mag-
netic Force Microscopy

10.2. Parts List

This table lists all relevant parts, with photos and linkshe relevant parts of the documentation
which describe how to use them. All parts and assemblies siaveigit Asylum Research part
numbers. If you ever see such a number in the text and do not winat it refers to, go to the top
of this document and run a search for that number and you willifiin the list.

Before you begin, please check that you have the followingmments and tools. If you are
missing anything or have questions about obtaining conblesaplease contact Asylum Research
for assistance.

Note Many of the items below are part of the VFM2 accessory kit (AsyResearch Part #900.244).

Itm Part # Item Description Qty Picture

Modified 0-80 Screw. Used to
attach the cantilever clip to the
body. Note that these screws
1 111.737 | have been machined to a 2
nonstandard length. You must
only use this Asylum part
number. Item J irf?? on page??.

Ml s

The scale in the photos is in cm and mm.
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Itm

Part #

Item Description

Qty

Picture

111.738

Modified 1-72 Screw. Used to
tighten the cantilever under the
clip. Note that these screws ha
been machined to a nonstanda
length. You must only use this
Asylum part number. Item H in
?7?0n page??.

e
dil

112.041

VFM Scanner cover plate.
Allows the VFM to be attached
to the AFM scanner. See
Section 10.5 on page 107

112.966

Screw down spring clip, non
magnetic Beryllium Copper. Se
Step 8 on page 105

249.033

Adhesive tab sheet. You may
order more from Ted Pella, part
16079. Can be used to stick fla
samples on top of the VFM pole
pieces. Se&ection 10.9.6 on
page 126

EEELTETEY
=1:-1- 1= TS

290.102

Tweezer, Curved Sharp,
Standard Grade. Typically used
for handling samples and the
small screws supplied with the
VEM.

290.114

Screwdriver, Slotted, 3.0 mm
Width. Wiha 260 3,0 X 50. Useg
to mount the VFM to the
scanner. SeStep 5 on page 102

)

The scale in the photos is in cm and mm.
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Itm Part # Item Description Qty Picture

- -

Model # Asylum Research

| MFM High Coercivity
Asylum Research high ; i O o ok 1
805. coercivity MFM cantilever A i o |
8 | ASYMFM. | useful cantilever for MFM 10 ‘ e at
HC imaging. Seeection 10.3 on | w10 PackedsyMi |
page 100 } i:f:
: ! www.AsyIustesearch.com J 1

N CA O P
= G

:‘l SYLUM
“TESEARCH

Asylum Research MFM sample
Www .AsylumResearch.com

pack 5 EA of STD, HC, HM,

Qiy 5: MFM Standard

Qty 5: MFM High Coercivity
Qly 5: MFM High Moment
Qty 5: MFM Low Coercivity
L__Qty 5: MFM Low Moment
s ==

*nm

9 AS\??/ISI;M LC, LM cantilevers, 25in all. A 1 | MFM
SMPL " | useful collection of cantilevers 1 SAMPLE PACK

for MFM imaging. See
Section 10.3 on page 100

T

—F

Leg extender assembly for mog

current model MFP3D AFMs. -

SeeStep 6 on page 103 N

10 908.026 | The correct leg extenders will 1 Ig q; "‘
be shipped to you based on you !

AFM serial number.

=

Kinematic leg extender
assembly for most MFP3D ":ﬂ
AFMs prior to Dec. 2008. See

11 908.052 | Step 6 on page 103 1*
* The correct leg extenders will

be shipped to you based on your
AFM serial number.

Objective removal tool and
dummy objective. Used to
916.016 + remove the bottom view
12 112.014 obje_ctlve from th(_e scanner. Its | 1

' use is described iStep 3 on
page 102

The scale in the photos is in cm and mm.

SYLUM

ESEARCH
an Oxford Instruments company support.asylumresearch.com Page 97


http://www.asylumresearch.com/Probe/ASYMFMHC,Asylum
http://www.asylumresearch.com/Probe/ASYMFMSMPL,Asylum

Ch. 10. Variable Field Module 2 (VFM)

Sec. 10.2. Parts List

Itm Part # Item Description Qty Picture
Cable CB25M-DB25F, 2 meters,
13 449.011 | unmodified. Se&ection 10.4.1 | 1
on page 105
0-80 X 1/8” button head cap
screws, stainless steel. Use ’
BHCS 0.035": Allen Driver (290.104). ’ d
14 0-80 X Used to fasten the clips 8
1/8"SS | (112.959) or the ground wire S ——
(448.114 and seBtep 3 on | [IH||||H||]|]]IHI]
page 128
0-80 X 5/32” socket head cap
SHCS 0-80 screws, stainless steel. For (
15 X 1/4" SS holding down the pole pieces 8 & '
with few or no shims. See i 1 ' 1]
oo 10.6.2 o mgo 121 LERAREF AR AL
0-80 X 3/16” socket head cap
screws, stainless steel. For ety \
16 )S(I—;:;OSSO holding down the pole pieces 8
when using many shims. See l”””l”“”ll “
Section 10.9.2 on page 121
0-80 X 5/16” socket head cap
screws, stainless steel. Spares JE—
17 SHCS 0-80| for attaching the scanner top 8 , ,
X '5/16" SS | plate 112.041. Use with a #0 —
washer (next item in the list). —— :
wasTer (next hem 1 vage Y I oo 0
Number O stainless steel washer,
#0 FLAT | Spares for attaching the scanner ° o
18 | WASHER | top plate 112.041 (see 8 o
MS801 | Section 10.5 on page 1p7MUse : IT"”"'|'|'|T||'”'"|”||I|”””””'H
with the previous item.
Beryllium Copper Clip. Used
with BHCS 0-80X1/8" SS f Lo N
19 112.959 . 5
screws. Se&ection 10.9.6 on wmw
page 126 '”"'””W”l I ”
The scale in the photos is in cm and mm.
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Itm Part # Item Description Qty Picture

Low profile pole pieces. Attach

with SHCS 0-80X5/32" SS. See . q
Section 10.9.2 on page 121

20 113.672 Note, not compatible with 2 -—

1013 s, Ses N L T

Section 10.13 on page 129

High profile pole pieces. FIGURE
21 114.250 | Obsolete, but they were included 2 NEEDED

in a few VFM2 models.

0.050"; Wiha Allen Driver 263
1,3 —-0.05" X 40. For most

socket head screws on the M

22 | 290111 | \/evio Typically used to !

remove the pole pieces. See i i
Section 10.9.2 on page 121

| | TR
3 4 5 €& 7T 8 9 0w @

0.035": Wiha Allen Driver. For
the screws (BHCS 0-80X1/8"
SS) that fasten the clips. See
23 290.104 | Section 10.9.6 on page 126 1
(112.959) or the ground wire
(448.114 and seStep 3 on

page 128

0.003” (75 um) thick shim stock.
Used for spacing the pole pieceg
when using large flat samples.

SeeSection 10.9.2 on page 121

7]

24 114.645 30

VFEM2 controller box. Connects

between the AFM controller and

25 | 900.056.1 the VFM2 sample stage. See ! =,
M2

Secnon 104 1 On page 105 Variable Field Module Controller

e e T e

The scale in the photos is in cm and mm.
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Itm Part # Item Description Qty Picture

VFM2 Sample Stage - the

26 900.251 subject of this chapter.

Objective Storage Case. Used to
store the bottom view
27 279.061 | microscope objective after 1
removal with tool 916.016 as

described irStep 3 on page 102

The scale in the photos is in cm and mm.

10.2.1. Temperature Sticker

The VFM2 contains magnetic materials which can lose theitépcy” if exposed to temperatures
above 80°C. Please inspect the sticker attached to the VIBM.cH the sticker has turned black
indicating temperatures in excess of 80°C, please testiliyaf your VFM to reach its specified
maximum field (seé&ection 10.9.4 on page 1R2Note that the VFM2 should never be stored or
transported in such a way that the temperature exceeds 8h{ it is not likely, the interior of

a car or shipping container can reach such temperaturesiny sueather. Please contact Asylum
Research Support if your VFM stage appears to have beenekposigh temperatures or does
not meet its maximum field specification.

10.3. AFM and MFM in an Applied Magnetic Field

A powerful tool for understanding the behavior of a magnséimple is an applied field. Applying

a field may prove useful in applications such as imaging theaio reversal behavior of a fer-

romagnetic thin film, studying magnetic field dependentstasice in sensor devices, or imaging
magnetic particles that have been used as biological tdgsbibliography at the end of this note
gives a patrtial list of references where researchers has ais applied field in magnetic force
microscopy (MFM) studies.

MFM imaging in an applied magnetic field can actually comgacthe interpretation of your im-
ages significantly. In addition to the sample behavior béield dependent, the magnetic state of
the MFM tip can also change in an applied field. One way to sfgnjplterpretation in an applied
field is to use a tip with a coercivity (or switching field) thatvery different from that of the sam-
ple, either much lower or much higher. Then, when the conisazhanging, one can be relatively
confident of the origin of the change. For this reason, supesrpagnetic tips or very high co-
ercivity tips can be useful for applied field imaging. For bgxb field MFM work, we generally
recommend starting with high coercivity MFM cantilevergisas the typeASYMFMHC. These
cantilevers have coercivities greater than 5,000 G anefibier will not be re-magnetized by use
with the VFM. For your specific application, do not hesitadecbntact Asylum Research if you
would like further information.
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10.3.1. How it works

Sample
— | —
Soft Iron '-‘_\_"“"-\
Permanent Magnet D
) J/H ] W 7]
N—Y
\
¥ =00 Flux Lines U= 90°
H=00e H ~ 2,500 Oe

Figure 10.1.: How it works: A rare earth permanent magnet is at the heart of the VFM. The strength
and sign of the magnetic field applied to the sample depends on the rotation angle of the magnet.
When the magnet is at 0° or 180°, the magnetic flux is shunted away from the sample by the soft iron
armature and pole pieces. As the magnet rotates, more and more flux is channeled instead through
the sample. At 90° and 270°, the field magnitude is maximized.

The Asylum Research Variable Field Magnet (VFM) moduleagbin a rare-earth permanent mag-
net to apply a field to the sample. By rotating the magnetegfit amounts of magnetic flux can
be channeled through the sample. Referringiture 10.1 on page 10fhe flux through the sam-
ple is maximized when the magnet is oriented at 90° and 27@thanimized when the magnet is
oriented at 0° and 180°. By using permanent magnets we awingj @lectromagnetic coils that
can require significant current to maintain a large magriaid. This current inevitably leads to
unwanted joule or resistive heating. Heating can degragi@dnformance of the AFM as well as
change the physics of the sample being studied. A motor asritie magnet rotation. Motion of
the motor is controlled through menu settings in a controlgbavithin the MFP-3D/Igor Pro soft-
ware interface, detailed below. The software uses the sfgima a magnetically sensitive sensor
embedded close to the sample mounting area to control tireddi®ld strength of the VFM stage
to within £ 1 G. The software feedback control can also beldéhto allow the user to manually
control the VFM field strength.

10.4. Installing the Hardware

1. Lower the bottom view objective as far as it will go. Use therfacrometer on the lower
right hand side of the base (SEgjure 2.4 on page)9
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Determine if the objective retracted enough

» Determine if the objective retracted completely belowtthye surface of the base.
If you are not sure, remove the scannstep 2 on page 10and place something
2. flat over the objective hole to see if it sunk completely betber surface.

* |F the objective is below the surface, THEN skip the nexp sted go to steg

* |F the objective still protrudes above the plate for sonssom, THEN follow the
next step: objective removal.

Remove the bottom view objective (if
needed)

 Locate the objective removal tool and
cover (), and the objective storage
case (279.061).

» Using only finger pressure, use the
3. tool to unscrew the objective and
place it in the storage case.

» Use the tool to place the cover over
the threaded hole in the AFM base.
Only tighten very gently.

* Replace the scanner if necessary
(Step 10 on page 109

Install the VFM scanner top plate (if
needed)

« If it is not already installed, replace
the scanner top plate with the one

4, supplied with your VFM (112.041). It

has four oblong slots that are not

present on the standard model.

« Please reaSection 10.5 on page 107 |
for directions on this process.
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Mount the VFM onto the Scanner

» Using screwdriver 290.114arefully
align the slots of the four screws with
the white lines on the VFM.

» Place the VFM onto the scanner in
3. the orientation shown to the right. If
necessary, adjust the screws slightly
so they properly engage the slots in :
the scanner plate. -

 Rotate all screws by 90° to lock the
VFM down.

Locking screws

SYLUM

ESEARCH
an Oxford Instruments company support.asylumresearch.com Page 103



Ch. 10. Variable Field Module 2 (VFM) Sec. 10.4. Installingt  he Hardware

Determine the need for leg extenders

* If the three legs on your AFM head do not have a groove justakizeir
spherical tips, then you need to extend the length of thedegsy used. Skip to
the next step and install the supplied leg extenders.

* If there are grooves on the legs, these indicate a newerlmbddé&M head with
longer travel on the legs. If your sample is less than 1mnkttiieen you will not
require leg extenders. To be sure this is the case, pledew fible procedure
below.

— Extend all three legs to their full extent and place the AFMdéwith
cantilever holder in place) over the mounted VFM.

— First seat the rear legs, then carefully lower the seat tértime leg while
looking at the clearance above the VFM.

— There should be a few millimeters of remaining space. Judugther or not
this space is enough to accommodate your sample thickngsgally there
should be a few millimeters of clearance and you should ne bainstall

6. leg extenders. A bit more detail follows:

— The clearance above your sample may fall into three categjori

x |f the sample surface sticks up higher than the highest plesgosition
of the AFM head, installation of leg extenders will be regdir Skip to
the next step for instructions. Note that samples extenalye the
VFM pole faces are not very well suited due to field gradieRtsase
read more on optimal sample mounting in sectgection 10.9 on
page 120

x |f there are a few millimeters of clearance, you cannot ugeld¢enders.
Once you install them you may find that the head will not be &blgo
low enough to reach the sample. Do not install the leg extarifléhis is
the case.

* There is a small window (about a 1mm range) of overlap whetecgm
engage a sample either without leg extenders but with treeflely
extended, or with leg extenders with the legs fully retrdci&/e
recommend that you do not use the extenders if it is not redquir
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Install the leg extenders (if needed)

« Slide the leg extensions over the ends =
of the head legs. 3

* If one leg extender is shorter than the
others, place it on the front leg.

» Push the extensions on the head legs
until the balls on leg ends fit into the
cupped surface inside the extension.

» Secure the extensions to the legs by
gently tightening the two hex screws
on each extender.

Replace the cantilever holder spring clip

» Using a small Phillips screwdriver,
remove the two outer screws.

* Lift the clip off and store in a safe
place.

» With the same screws, affix the new
8. Beryllium Copper clip (112.966). Do
not over tighten the screws. Spare
screws are in your kit (111.737).

« If the center screw is not yet present,
install it now (item 111.738).

Note The center screw is larger than the
outer screws. Do not mix them up.

The standard spring clip that holds the cantilever is dygimagnetic and leads to unwanted field
gradients and poor magnetic field sensor readings. We hav@pd a nonmagnetic clip made of
beryllium copper that can be substituted when using the VFM.

When done with the VFM experiments, we recommend that yolaceghe original steel clip. The
BeCu clip may corrode if it is used in fluid

10.4.1. Installation — Electrical connections

While not strictly necessary, it is good practice to turn ydur AFM controller before making
these connections.

The Variable Field Magnet (VFM) connects to its interface Huat is in turn connected to the ex-
pansion port of the MFP 3D controller using the supplied DBable (449.011). The connections
are illustrated irFigure 10.2 on page 106

SYLUM

ESEARCH
an Oxford Instruments company support.asylumresearch.com Page 105



Ch. 10. Variable Field Module 2 (VFM) Sec. 10.4. Installingt  he Hardware

Figure 10.2.: TheVFM sample stage plugs into the 9-pin connector on the VFM controller box. This
in turn plugs into the 25-pin expansion connector on the front of the MFP-3D controller. This photo
shows the older MFP-3D controller. The newer ARC2 controller can be used as well.

We typically leave the controller box outside of the acausinclosure and simply let the black
cable between the VFM and the controller box hang from thetfofthe enclosure. The cable can
be safely pinched between the sealing gasket of the hoawis dioor.

When the controller is turned on, a bright blue light shoutthe from the small circuit board
between the pole pieces.

It is acceptable to have the cable between the VFM and itsat@rtbox hanging out of the front
of an acoustic enclosure. The cable is thin enough to be pthbktween the enclosure door seal.
You may also route the cable through the proper cable clabyist is not strictly necessary, and
probably only advisable for cases where the VFM stage is ased
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10.5. Changing the Scanner Cover Plate

This section assumes the VFM scanner top plate is not iadtalAs described before (S&ep 4
on page 10 it has four oblong slots which the VFM latches onto. If ydaip never deals with
samples in fluid, it is perfectly fine to leave this plate dttet indefinitely. Otherwise, fluid can
leak through the holes and bypass the scanner liquid stselit,is recommended to replace the
original scanner plate when you are finished with the VFM expents.

If the VFM was delivered separately, the scanner’'s samplgesplate needs to be replaced.

The following instructions only apply to customers who h#ve latest version of MFP-3D scan-
ners, which began shipping on February 1st, 2006. They a&iby efistinguishable from the older
version, in that they provide access to the four additionedws around the center hole. For older
models, contact Customer Service at 1-888-472-2795 fistasse (Figure 5).

Note: The four additional holes to mount the VFM also create foutitkwhal locations for fluid to
leak into the scanner. Please remove and replace the drigimgole stage if the VFM is not going
to be used for extended periods of time.

1. Before changing anything, measure the hysteresis for bahdY (SeeSection 10.5.1 on
page 109 Make note of the results, preferably with screen captaresving of graphs.

Remove the scanner

» To release tension on the scanner
spring, translate the scanner as far
forward as possible.

» Unplug the scanner cable from the
2 base of the microscope.

» Gently tilt the scanner upward from
the AFM base (held down by
magnets) and disconnect the retaining
spring that holds it to the base. Hold
your finger on the spring to keep it
from jumping away.

3. Lay the scanner down on a clean flat surface.
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Remove the scanner top plate

» Use the 0.050” Allen tool (290.111),
to remove the eight screws (0-80 X
5/16") and washers (#0) from the
scanner bottom. Be careful not to lose
the screws and washers. If necessary,
spares are included with your kit. Use|
tweezers to handle the parts. y

* It is best to completely remove all the
screws to be certain that none are still
4. holding onto the plate.

* Lift the scanner up, leaving the
scanner top plate behind. If the plate
sticks, turn the scanner over and
remove the plate with your fingers.

Note Scanners delivered prior to 2008 may
be missing access holes for the outer
screws. If this is the case, please contact
the Asylum Research support department
about obtaining a new cover plate with the
access holes.

Clean the water shield

» Clean the water shield and exposed
stage parts with a cotton swab and
alcohol as needed. Some residue fro
prior spills may be present in labs that
perform imaging in liquid.

» The photo to the right shows a clean
scanner and liquid shield (black
plastic ridge adjacent to visible metal
Cross).

Prepare the new scanner top plate
» Place the new scanner top plate upside down on your workirfgce.

» Place scanner on top of the plate (bottom of scanner fagmgrd) and slide it
around to visually center the 8 screw holes.
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Install the screws and washers
 Partially thread in all 8 screws.
» Center the screw heads as best you can.
» Gently tighten all the screws in a “star pattern” altemgtscrews that are
diametrically opposed.

Note Be careful not to over torque screws when tightening.

8. Replace the scanner on the AFM base and plug it in. At thistpdiis not necessary to
attach the spring to the driver bar since this process mayreeq few iterations.

Measure the XY hysteresis
 Follow Section 10.5.1 on page 109
« If any of the three hysteresis values are within 5% of theipresly measured
values, you are done and can proceed to the next step.

« If any of the new values exceed the old ones by 5%, the stage isllikely
9. rubbing the water shield. In this case, remove the scanrkloasen the eight

screws until the top plate slides freely.
» Attempt to center the plate again and tighten screws asugisd in the previous
steps.

» Repeat the XY hysteresis measurement again until you pass test. Feel free
to call Asylum Research if you are having trouble.

Replace the scanner
e Place the scanner on the AFM base in the same tilted manstewts used when
removing it.
» Reconnect the spring between the pin on the scanner andhtioa the
10. micrometer driver bar.

« Tilt the scanner back gently until it lies flat and move themmeters until the
grooves (or divots, depending on the vintage of your MFP-B@)e baseplate
are centered over the three holes in the scanner.

» Plug the scanner cable connector back into the AFM base.

10.5.1. XY Scanner Hysteresis

This procedure measures the hysteresis of the XY scanreaogpand mechanical assembly). The
measurement is done off the surface; no tip or sample is negyuiln fact, the AFM head does
not need to sit on the scanner at all. The X and Y piezos arecisgerin open loop (no feed-
back from sensors) through three voltage ranges and therbg# for each is calculated from the
corresponding sensor data.
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1. Load the test procedures by select@gramming ©>Load test procedures from the main
menu bar.. The wortlesting will appear on main menu bar.

] Testpansl ==
Wsﬂyfn‘;rt'?m H InfoBlocks H Calibration || TFE H Drif ‘
| MNoise H MotoXY ‘ ‘ Cypher Motors || DAC Test ‘ ‘ blueDrive ‘
Calibration
Bring up the Hysteresis Measurement [ st | 160V Hysteresis 0.00 % ()
10V Hysteresis 0.00 % -
Panel Sicp 1V Hysteresis 0.00 %
e Select theCalibration tab’. -
~ Action Main Axis _ Off Axes
2. . Set Chanl"le| tO X-aXIS Channel X E XStart|-1000v 2 | [¥Voltage -1000v 2
Action| Messure Hyst. | | Counts |50 Zvoltage 1000V |5
» Set Action to Measure Hysteresis. | relione

e Set Frequency to 1 Hz.

Set Cycles to 50. et tacay

Z Output (Piezo) [NaN
ZInput (Sensor) [NaN |

X Output (Piezo) [NaN_|
Xlnput (Sensor) |NaN

¥ Output (Pieza) |NaN_|
¥ Input (Sensor) [Nan [

&)
Collect the X axis hysteresis plot

 Click Start. The piezo cycles 50 times
through each of three voltage ranges: wxwr 5]
160, 10, and 1 V. s AT s

A graph of the sensor (LVDT) signal
vs. piezo drive voltage appears. 1430 140

3. » As the piezo begins to move, its range ms ms

increases. Wait for the LVDT range to | s
stabilize (about 50 cycles), and then 10 40
click Start again. The measurementis| . -
complete when the Stop button T P
changes to Start. : (o=~ & [ 1

» Write down hysteresis values for the
three voltages.

4. Change the Channel to Y-axis and repeat the previous step.
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Evaluate Hysteresis Results
160V 10V 1w

Good Acceptable hysteresis for X and Y
Hyst. [4.69% | [[80% | [E24% |

should be less than or equal to 5% for 160
V, 4% for 10 V, and 3% for 1 V. Itis typical __— —
for Y to have a slightly larger hysteresis : [ . :
than X due to the greater mass the Y e

135§ i 135
5 scanner moves. 130 120

" . 1255 f 125
Bad Itis more common forthe 10and1 | .} E i

volt ranges to fail when there is rubbing. 153 Ets
Bad values and a bad graph are shownto | "= »
the rlght. 1005 i 1.00

095 Eogs

If the hysteresis is above spec, the moving ) z % % 13
component of the scanner (stage top plate)zz [ - e — 1
is likely rubbing against the housing or has

some other mechanical interference.

10.6. Software Tutorial

This tutorial can be performed with the VFM sitting on the tleop, as long as it is connected as
shown inFigure 10.2 on page 106

Turn your controller back on or rescan the smart start busStep 6 on page 10

The control panel for the VFMHRigure 10.3 on page 1)2vill automatically appear once the
software is started, as long as it is connected to the MFP3irater. The panel can also be
displayed by selectingFM controls > VFM panel from the main menu bar.

A complete description of each control parameter in the lpearebe found by clicking on the box
with the question mark next to the parameter of interest.

This tutorial gives instruction for a few rudimentary tas&slemonstrate the controls.

1. The panel should start out as it appearkigure 10.3 on page 11@%ith mode and feedback
turned off. Your field may be reading a different value thaat ih the figure, depending on
the rotor position of the VFM when it was last used.

2. Make sure the pole pieces are 3mm apart for the following @esnto function. Use the
supplied 0.050” allen driver (290.111) to move the pole pgecAlso se&ection 10.9.4 on
page 122

3. Click the More button next to “Live Graph” three times. Thidlwring up a realtime record
of field, motor speed, and field setpoint.

4. Set the ramp rate to 3000 G/m, target field to 2000 G, and Enlardnce to 5.0.

5. Set Feedback to On and Mode to On. The motor should starngand the values on the
graph will change. Wait until the field settles down to 2000G.

6. Set Feedback to Off and Mode to Off.
7. Click the Clear button next to “Data History” to clear the jgina
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B VFM Panel =1

Magnetic Field

BField 0206
Sefpoint 0.26
Controls
iode O On @ off
totor Speed | 0.00 min |3
[iotor Steps EIEk‘;E]
Feedback O On () off
TargetField 026 |2
Error Tolerance ‘L;{D
Ramp Rate I_SFD_D_D_GENH—¢

Data

Live Graph jiore Less

Base Suffix E_EDﬁD

Data History

e
5] e 0

Review Graph| Mare

o
z
@
=
=
o
b
4

7 e

= &

Messages

Quiet Mode
[] stop data acquisition

Figure 10.3.: The VFM panel. A complete description of each control parameter in the panel can be
found by clicking on the box with the question mark next to the parameter of interest.

Controlled Field Ramp
e Set the ramp rate to 2000 G/m.
» Set the Target Field to 500 G.
* Click ‘Feedback On’ and‘Mode On’.

e The motor will execute a controlled
field reduction and gently stop at

8. 500G. Once it reaches the target valu

within the set error tolerance, it will

turn the feedback off and the motor

speed to zero.

WS 4 16

T T T T T T
Z5TPM 2sEPM 25aPM S0OPM 30IPM SmPM
Bz

Data £ Tims

Note If the error tolerance is too narrow,
the motor will never stop adjusting and may
cause imaging noise. Always turn the mode
to off before imaging if you are uncertain.
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Controlled Field Ramp, continued
» Set the ramp rate to 500 G/m.
» Set the Target Field to 0 G.
* Click Feedback On and Mode On.

» The motor will execute a slower ramp .
down to zero. S . e

Changing the field by 100 G steps
e Set the Target Field to 100 G.
» Set Feedback On and Mode On.

» Observe and repeat at 100G
increments to produce the graph to
10. the right.

Note A real ramp never quite executes.
The feedback control parameters are set
conservatively. If faster settling times are
needed, please contact Asylum Research,
or read on for more suggestions.

Changing the field by motor steps
» Set Feedback to OFF.
e Set Motor speed to 10 °/minute.
* Enter 10,000 steps.

* Click on the RIGHT arrow next to
Motor Steps.

The motor turns on immediately, executes
its steps, and stops. The graph shows the

1 field history.
' « Click on the LEFT arrow next to

Motor Steps.

Note The field stops short of where itwas | ../ = > =
before. This is due to backlash in the A S =
motor’s gearbox. We had continued with a

number of 4000 step positive increments

followed by negative 4000 step increments.

The settling time is faster but the benefits

of feedback control, like backlash

elimination, are compromised.
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Setpoint out of range
e Set Ramp Rate to 5500G.
e Set Target Field to 8000G.
* Turn Mode and Feedback to On.

For a while the motor tries to keep up with
the rising setpoint, but eventually the
VFM2 reaches the maximum field for the
given 3mm pole face separation. In any
case, we chose a setpoint too high and the|,
12. | motor will keep spinning forever tryingto |
reach it.

Note The setpoint was reduced to a
reachable 5000G after the field had reache
its maximum. The VFM can only operate N

in the positively sloped region of field vs

motor direction. Even though it might

reach its setpoint, it will complete one

more full rotation until it is back in the

positively sloped area before slowing the

motor to land at 5000G.

10.7. Field Gradients

Figure 10.4.: Coordinate Axes defined and the field orientation. Positive sensor values are defined
as B field components along the positive X-axis. To the right, a close up view of the preferred origin
for imaging, which lies directly over the field sensor, highlighted as a tiny white line between the pole
faces.
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This discussion largely focuses on the magnetic sensoedfEM2. The
VFM2 vs original VFM had a larger sensor which was located much éardlway from
VFM the sample. Please s8ection 10.13 on page 128r further discussion about
their differences.

Proper sample mounting is only possible with some undedsigrof the magnetic field gradients
produced by the VFM. In an ideal world, the field would be venjfform and the magnetic field

sensor would be only few microns long, separated from thejiingaregion by only a few microns.

In reality, the sensor is hundreds of microns on a side (with@ive measuring area of 70 by 70
microns) and is embedded in a package which adds at leasakbuadred more microns to its
size, and the sample thickness will likely add hundreds nmaicrons. As shown later in more

detall, the field can change by 1000’s of Gauss over thisrista

To overcome this problem of not being able to put the sensectly in the same place as the
imaged surface of the sample, we take advantage of the sygnaidhe field. With proper sample
and pole face placement, the relative locations of senaorpke, and pole faces can maximize the
likelihood that the sensor is registering a meaningful field

Figure 10.4 on page 11defines the coordinate system of the VFM. It also shows thet gasition

of the magnetic sensing element, aligned with the bottone efithe pole pieces. The origin of the
coordinate axes has been placed in the plane of the tops pbthgieces and directly above the
center of the sensing element. This is the optimal positorihfe sample’s top surface.

Figure 10.1 on page 1(hows how the VFM routes flux from a permanent magnet to th@keam
This cartoon shows the field lines as perfectly parallel amitbum and the sample not accessible
for imaging. A more realistic depiction can be seerfrigure 10.5 on page 116 he scale of the
pole faces is 1.5mm tall and 3mm wide.

Some observations:

* The field decreases in strength away from the area betweepdlle faces (we’ll quantify
this shortly).

» At x=y=0 the field is horizontal (parallel to x), which is althe only component the sensor
can measure. Moving away from the origin along the x axis (arallesser extent along y)
the field vector will gain other components and rotate awagnfits direction at the origin.

* The sensor is placed so that it measures a field which is @mimage of the field at the
origin. Asylum Research individually aligns the sensorifpms on each VFM so that it is
aligned with the bottom edge of the pole faces.

Some conclusions:
» Place the area of the sample to be imaged as close to tha aggiossible and it will enjoy:
— “Horizontal” applied field.
— Fields which are very close to what the sensor measures.

These observations do not change with larger pole face a@épas; only the field values and the
field gradients will reduce in size.

10.7.1. Vertical Field Variation

To take a more quantitative look at the field profiles and gnaidi, we mounted a magnetic field
sensor on an XYZ translation stage and made various measnotgrof the field along the X, Y,
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X
—
Front == Rear
———
z Y
X
Front Rear
(a) View from +y to the origin. (b) View down from +z to the origin.

Figure 10.5.: Cartoons of the approximate fields between the pole faces. On the left, a side-view
section, on the right a top down view. “s” denotes the position of the field sensor’s active element. The
origin was chosen at the optimal point for imaging. The central position of this point will maximize the
field along x and minimize the other components. The origin also best mirrors the sensor position so
the field measurement is as accurate as possible.

and Z axes. Note that the sensor was oriented to measurehenfield component parallel to the
X axis, orBxy.

Figure 10.6 on page 113howsBy for various separations of the pole faces on a VFM2 set to
maximum field strength. Lets dissect a few of the curves. Talw (top) curve with triangle
markers shows data gathered with the pole faces as closessiblpo touching the sensor circuit
board between them. At Z=8 is slightly more than 1 Tesla. Note that when this VFM is pthce
on the scanner, the field drops a bit. This experiment waspeéed on the bench top. Going down
into the shaded area (indicates the sensor is going betweguote faces) the field rises, and then
falls again as the sensor emerges from between the pole fEtesymmetry of the field caused us
to choose the sensor position at Z=-1.5mm, which does actspe job of matchindy, at Z=0.

Going up from Z=0, the field falls quickly. Only 500 micronsoaie the pole faces, it has dropped
to a little over 6000 G. The implication is that if you are stindy a sample which is 500 microns

thick and set it flat on top of the pole faces, your maximum fezd only be 6000 Gauss. You will

have to cut the sample smaller so it can fit between the 1mnmegepgpole pieces to get to closer
to the VFM’s maximum field.

Lets look at the brown curve with circular markers (one umprfrilie bottom). The magnet orien-
tation was left in the same position, but the pole faces weparated from 1mm to 3mm. The
maximumBy at Z=0 has dropped to ~4000 G, but the field gradients are mjadisantly less.By

at Z=0.5 is now ~3000 G. Smaller gradients tend to make fdebeteasurements. To conclude,
it is always best to separate the pole faces as far as pos&pknding on your maximum field
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Figure 10.6.: Magnetic field component parallel to the x-axis as a function z position above the pole
faces in a VFM2 set to maximum field strength. Different curves represent different pole face sepa-
rations (see legend). The shaded area is the volume between the pole faces. The red dashed line
(z=0) indicates the preferred plane for a sample surface to be imaged. The blue line (z=0.5) indicates
a sample which is 0.5mm thick. The broad green line indicates the position of the Hall sensor attached
to each VFM2. The gray arrows connect the field measured by the sensor to the field experienced by

a sample mounted flush with the pole pieces.

requirements.

10.7.2. Fields vs pole piece separation and vertical gradie

nts

Figure 10.7 on page 1Ximmarizes some key information from the family of curveSigure 10.6
on page 117For various pole face separations it shows:

e The maximumBy at Z=0, i.e a sample clamped between the pole faces so ituttars is
flush with the tops of the pole pieces. Use this curve to deterrthe pole face separation
needed, based on your maximum field requirements. Alwayssghthe largest separation
possible.

e The maximumBy at Z=0.5mm, i.e a larger sample, 0.5mm thick, sitting on tbthe pole
faces.

e The approximate field gradients at Z=0.

10.7.3. Lateral Field Gradients

By variations along X and Y in the plane of the pole faces (Z=0jensso measured for a pole face
separation of 3mm. The results are showfrigure 10.8 on page 119

SYLUM
ESEARCH

an Oxford Instruments company

support.asylumresearch.com

Page 117



Ch. 10. Variable Field Module 2 (VFM) Sec. 10.8. Things to kee p in mind

14000

I I I I
—&— Max field at pole face top plane (x=0,y=0,z=0)
—m— Max field at 0.5mm above pole face top plane (x=0,y=0,z=0.5}
12000 —  —e—Approximate Field Gradient -

10000 A

8000 *\\\\
6000 L

4000 | \

Bl (Oe) or B|| Gradient (Oe/mm

2000 .\\ =i
_ —

0 T

0 1 2 3 4 5 6

Pole Face Separation (mm)

Figure 10.7.: Maximum field along the x-axis measured at the origin (sample in plane with pole face
tops) and 0.5mm above (0.5mm thick sample resting on pole face tops). Also, the approximate field
gradients at each point for Z=0.

The main observation is the nearly zero gradient8,iras long as the imaging region is within
0.25mm from X=Y=2=0.

10.8. Things to keep in mind

10.8.1. Samples’ effect on the field

A magnetic sample can be a bridge for magnetic field lines foomm pole piece to the other. The
sensor placement at the “mirror image” of the sample asstinecfeld is symmetric at the upper
and lower edges of the pole faces. Placing a piece of magnetierial (i.e. the sample) will break
that symmetry and will direct flux through the sample and afwamy the sensor. Luckily the effect
is negligible for most samples.

A suitable test is to set the field at a relatively high value @hose 5000 G with an approximately
2mm pole face spacing) and to monitor the sensor readingfonate or so. Then place the sample
on top of or in between the pole pieces. If the field changessaradly, then the field experienced
by the sample will no longer equal the field measured by themenHere are the results for four
materials:

| Sample ‘ Effect ‘
8mm wide piece of video tape no measurable effect
8 x 8mm piece of hard drive platter no measurable effect
4mm wide strip of 1 micron thick amorphous cobalt allpys G (0.1%) drop in measured field
5mm wide strip of 0.25mm thick magnetic steel 100 G (2%) drop in measured field
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———Bx variation along the vy axis Chart Area
—B—Bx variation along the x axis
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Figure 10.8.: Variation of the x component of the magnetic field along the x and y axes (with z=0).
Pole faces were separated by ~3mm. x-axis data cannot extend the full 3mm range due to the sensor
plastic enclosure hitting the pole faces. The pole faces are also 3mm wide andF so the red area
indicates measurements taken with the sensor in the gap between the faces.

In the last case, it is not clear that the 2% drop at the sensoligs a 2% increase at the sample,
but at least it gives some cause for further investigatione best course of action is probably to
substantially reduce the size of the sample and repeatshartél the presence of the sample has
little or no effect on the sensor reading.

A good indication that there is going to be an effect is whenghmple is noticeably attracted to
the gap between the pole pieces. This can best be felt witlifhé set to a high field value.

10.8.2. Scanner’s effect on the field

If you set the VFM to its maximum field and then place it on tharster, you may notice a drop of
about 10%. This is due to magnetic field lines under the VFMfIshircuiting” via the magnetic
steel inside the scanner. If you must have more field thandtieced maximum, contact Asylum
Research to fashion a spacer to mount the VFM a little higheop of the scanner.

Also beware that if a sample is very near some maximum fieldoukl not exceed, be sure to
reduce the field before removing the VFM from the scannetherg may be a sudden 10% jolt in
increased field.

10.8.3. Temperature Effects

The strength of the permanent magnets used in the VFM vatytestperature. While the effect

will be relatively small, you may notice that the sensor seeadower field value once the AFM

warms up the inside of its acoustic enclosure. Also, for ltarghn measurement, it is possible that
there will be a small field variation due to daily temperatahanges of the lab. Most labs with

proper air conditioning should not notice this effect.
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10.9. Sample mounting

(a) Side view of a small sample between the polé) Side view of a large flat sample on top of the
faces. pole faces. The sensor reads true when the spaces
marked with Delta are equal.

Figure 10.9.: Side views showing a small sample mounted between the pole faces with its top surface
flush with the top of the pole faces. This allows for the maximum field. In sub figure B, a larger flat
sample sitting on top of the pole faces is shown. The max field is less and the distance from the top
edge of the pole faces to the top of the sample needs to equal the distance from the bottom edge of
the pole faces to the sensor (The two Delta spaces).

As described irBection 10.7 on page 11# you did not read this, you should, in order to correctly
interpret the sensor readings) the magnetic field sendobglsiv the sample at a position where
the field strength mirrors that experienced by the sample.

10.9.1. Small Samples (best)

As shipped from the factory, the pole pieces are configured gample which can be mounted as
shown inFigure 10.9a on page 120he sample should be thin enough to fit on top of the sensor
bridge without rising above the top surface of the pole @ece

To achieve the highest possible field, the sample should lewm@&nough to allow the pole pieces
to slide all the way together and touch the sensor bridge. sbingple may have to be clamped
between the pole faces to keep its top surface flush with fhee dbthe pole pieces. A few small
dots of five minute epoxy or some wax may come in handy when tir@uthe sample.

Note that keeping the sample small has other advantagesseslaed infSection 10.8 on page 118
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The sensor bridge is somewhat fragile. It is made of epoxyfidedglass. Do
not cover it with paint, glue, or other contaminants. Whibeiycan clean it
with a mild solvent such as isopropyl alcohol, but you shduddT scrape it
with sharp objects such as tweezers, scribes, or scalpels.

WARNING

10.9.2. Larger Thin Samples (good)

Often a sample will be in the form of a thin film on a wafer susatgr If very high fields are not
necessary, or it it is not possible to dice the sample intgtbé&rred 1mm wide strip, then one can
proceed by mounting the sample on top of the pole faces asmsholkigure 10.9b on page 120
See the steps below to mount the sample and properly adgufiett sensor:

1. Measure the sample thickness with an accuracy of 25 um (n@bes).

2. Divide the thickness in microns by 75 and round to the neanésger. For instance, a 300
pm silicon wafer results in 4, a 500 um wafer gives 7. Thisésrtamber of shims (per side)
you will need in step 4.

3. If the VFM was not already at a very low field, please Seetion 10.6 on page 1Hhd set
the VFM to zero field. This will make it easier to remove theeftaces without suddenly
snapping together and possibly damaging the sensor bridge.

Gather shims:
¢ Choose twice that number of shims

calculated in step 2. (114.645).
4, « Divide the shims into two equal -
stacks.
Note These shims were cut from 75 pum ———-Tmm'
thick magnetic stainless steel. | Nmm”“””””l”” 4 II” I

Remove the pole pieces:

S. « Using the 0.050” allen driver, remove
both pole pieces and set aside.

Place the shims under the pole piece:
 Align the shims under the pole piece.

» Use the screw to keep the shims
centered as shown.
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Replace the pole pieces:

* Place the pole piece back on the
VFM, while keeping the shims
against the pole piece.

 Tighten the screw with a few turns.

7 * Nudge the shims to rotate them flush.
The photo on the right shows shims in
need of adjustment.

 Position the pole face at the desired
distance from the sensor bridge.

 Tighten the screw until it is snug,
taking care not to misalign anything.

8. Repeat this process for the other pole face, making surevih@ieces are equidistant from
the sensor bridge.

For thick samples, you may need so many shims (we allow fooup t
1.5mm total) that the screws which hold the pole pieces dowmua

NOTE longer reach. In that case, your kit contains some longemsc(see the
parts list). Store the other screws in the parts kit. Theyeassly
obtained in the US, but cannot be found internationally.

10.9.3. Large thick samples (discouraged)

Samples thicker than a few mm should be cut down to a sma#erisiorder for the VFM to work
properly. Contact Asylum Research and we can help you saue Sample mounting problems.

Note that bulk magnetic samples thicker than even a fracti@millimeter will distort the field so
the sensor reading is no longer reliable. PleaseSsetion 10.8 on page 118 determine if your
sample is affecting the sensor reading.

10.9.4. Checking the Maximum Field

Note The pole pieces on the original VFM should not be separateat. nfore discussion, see
Section 10.13 on page 129

As discussed at length Bection 10.7 on page 1ldnwanted field gradients are reduced by sepa-
rating the pole pieces. Please follow these steps to acigmntpis.

1. Determine the maximum field your experiments will requirdisishould be done with the
VFM mounted in the AFM since the AFM reduces the field a littleeeSection 10.8 on
page 118
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Start the pole pieces in a close position:

¢ Loosen the two screws shown to the
right using the 0.050” Allen tool.

* Move the pole pieces so they are
2. touching the sensor bridge.

Note If there are enough shims raising up
the pieces, then manually adjust them so
that seen from above, it looks like the
photo.
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Explore the VFM field extremes
» Set the feedback and mode to off.

» Set the motor speed to 100. This is beyond the max and it utidraatically
change to the maximum allowed value instead.

» Set the motor steps to “inf” it is not already so.
» Set the mode to on.

» Next to Live Graph click “more” a few times.

» Next to data history click “clear”

» Observe the field sensor values until the maximum and mimrfield have been
reached.

» Set the mode to off, preferably when the field is still at maxim or minimum.

4. If the maximum field reached is more than what you need, wesad¥iat you separate the
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pole pieces a little to reduce field gradients and the errthensensor reading. Remember,
if the vertical sample position is off by even 50 um when otfiegain the strongest field
(smallest pole face separation), you may have absolute ierfield reading by hundreds of
Gauss.

Note Moving pole pieces at high field levels can be somewhat ahgilhgy since the pole
pieces strongly attract each other. One may have to rotaddwer value first, move the
pole pieces, and then go back to see what the maximum hasathtmgRemember that a
pole piece snapping against the sensor bridge can causasdemage.

The goal is to get the maximum separation while still achiguthe required fields. As mentioned
before, this minimizes gradients and maximizes the likedth that the field sensor will give an
accurate reading of the field your sample will experience.

10.9.5. Centering the Sample

As explained irSection 10.7 on page 11the sensor reading is best represented at a point directly
above the sensor, in the plane formed by the tops of the petepi Please follow these steps to
center the VFM with respect to the cantilever tip.

1. Follow the hardware installation instructions $ection 10.4 on page 10IMHave the legs
extended to the point where the cantilever clip is a few miiers above the top of the VFM
pole pieces.

2. With the 0.050" allen tool, remove both pole pieces and santhside. Note that it helps to
have the field set to a low value or the pieces will snap togethen the screws are loosened.

3. Put a cantilever (this can be an old one) in the cantilevetddrodnd place the head on the
AFM base.

4. Align the head optics until you have a clear and centered énddhe cantilever. Segec-
tion 4.5 on page 26r more information. Try to have the head relatively level.

5. Press down on the head and exert force with a clockwise hgistiotion. This seats the head
firmly in the grooves. If you repeat this same twisting pressach time, you will greatly
improve your odds at placing the head so the cantilever epds the same area.

Coarse center the VFM sample stage

» Using the sample align-x and y
micrometers (seBigure 2.4 on
page 9 center the cantilever as best ask

6. you can above the center of the senso,. "’ e

circuit board.

Note The small white dash was added to
the image to indicate the top down view of
the sensor’s active area.
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Lower the head

» While looking at the video image of
the cantilever, lower the AFM head
by moving all three legs.

 Notice that as you lower only one leg,
the tip will move from the center of
the video image. Adjust the other two
7. legs to bring the image back to center.
The image is centered when the head
is lowering without tilting.

» Once you start to see a blurry image
of the sensor circuit board. start Note Do not go down too far or the lever

hunting around with the sample align will crash. Usipg an old lever is recom-
XY micrometers until you see mended for beginners.
something like the picture to the right.

Explore the width of the sensor.

» Using the x-align micrometer, explore
the left and right edges of the light
colored area. This area is a metal tab

8. which holds the magnetic field sensor.

The sensor is about as wide as the

length of the cantilever and mounted

on the back side of the tab, as seen
from the front of the AFM.

Center the tip over the sensor

* Finally, move align-x and y until the
tip is at the upper edge of the metal

0. tab and centered between the left and

right edges. At this point you have

found X=Y=0 and the tip is directly

over the active area of the magnetic

field sensor.
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Raise the head without tilting.

» Place a marker on the computer screen directly over the tipeacantilever in the
video image. This can be the mouse pointer, a piece of tagkeaorner of a
10. post-it note.

» Raise the head a few millimeters using all three legs, kegttie cantilever tip
centered on your marker. This means the head is raisingjistrap and the tip is
starting at X=Y=0.

Mount the sample, replace the head for imaging

» Once you have a few mm of clearance, remove the head, rejplagmle pieces,
and mount your sample.

» Replace the head using the usual twisting pressure. Hibp#ia cantilever is

11 still near the marker on your screen.

» Lower the head while keeping the tip centered on your maface you are
close to engaging the sample, you can remove the marker andegat with
regular imaging.

» This was our best attempt at keeping X=Y=0 directly aboeerntagnetic field
sensor, for the most accurate field readings of the area ihdtenmaged.

10.9.6. Flat Sample Mounting

Preferably use the clips (112.959) and short button heagvsaind the 0.035” allen driver (290.104)
supplied with the kit.

If the sample is too small for the clips to reach it, use thekgtiabs (113.672). Note that the sticky
tabs may cause some thermal drift and you must take the #sskof the glue into account when
determining the number of shims to use when raising up the pieces (se&0.9.2.

10.10. Imaging

There are no particular requirements with regard to imaghgst often one will perform Mag-
netic Force Microscopy (se8PM Applications Guide, Chapter: Magnetic Force Microsgojbut
sometimes one might also perform Piezo Force Microscopg $&# Applications Guide, Chap-
ter: PFM Using DARTor SPM Applications Guide, Chapter: Single Frequency BFRFM might
be done with the optional VFM High Voltage Ki8ection 10.12 on page 127

10.11. Storage

« If you replaced the objective with the dummy, your lab matékbe thankful if you replace
the objective again. Segtep 3 on page 102
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« If others in your lab work with fluids around the AFM, we recarand that you remove the
VFM compatible metal plate(112.041) from the top of the searand put the original one
back. Please follow the steps$ection 10.5 on page 107

— Also if you installed the BeCu clip on the cantilever holdewnsider replacing it with
the original and storing the BeCu clip with the VFM. S&p 8 on page 105

» Put everything back into the VFM storage box and attach thgesto the controller box.
Store the cable with the VFM.

10.12. High Voltage Kit

Note The high voltage kit is only compatible with the VFM2, it istrammpatible with the original
VFM. You would need to contact Asylum Research to inquireualopgrading an existing VFM to
a VFM2 to operate with the High Voltage Kit.

10.12.1. Parts list

Itm Part # Item Description Qty Picture
Ground wire to connect between
high voltage contact and pole
1 448114 | Piece. Two spares and two pins 3 VEM HV
in case you want to make your GROUND WIRE
own wire to attach directly to e
your sample.
£
5 900.255 High Voltage Contact for the 1
VFM2 don A\
Vahsge
Bemn®
SHCS 0-80 0-80 x 5/1_6 SCHS SS screws ’
3 X 5/16" SS for attaching the HV contact 12 —
assembly to the VFM2 stage. v -— ,
A g oo 0
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10.12.2. Installation

Remove the gear cover

» Use the 0.050” allen driver (290.111)
and remove the two screws indicated.

 Remove the cover and screws, and
store them in your VFM Kkit.

Note Replace this cover when you remove
the high voltage contact. If it is not
replaced and a bit of hard sample falls
between the gears, it can seriously damage
the VFM'’s motor.

Attach the high voltage contact
» Position the contact module as shown

2.  Using 0-80 X 5/16” screws and the
same allen tool as above, put in at
least four screws, or all 7 if you wish
to be more thorough. 5 /

Connect the ground wire

» Take wire 448.114 and plug the gold
end into the socket.

 Using the small button head screws
(BHCS 0-80X1/8" SS) and 0.035”

3. allen tool 290.104, attach to the pole

piece as shown.

High
Voltage

Note Both pole pieces are electrically
isolated from the rest of the VFM and
AFM. The ground wire is the only
reference the sample has to ground.

General sample mounting is describe®irction 10.9 on page 12Depending on your application

you may need to make certain that the sample has (or does vet &agood electrical connection
to the grounded pole pieces. We have supplied a few extrangraires and pins in case you want
to arrange for a wire directly to your sample.

Please refer t@? on page?? for instruction on connecting to the high voltage amplified anfor-
mation on high voltage imaging techniques.
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Note The HV220 and VFM controller boxes both need to be connecieithd AFM controller
(ARC2 or MFP-3D). This is accomplished by “daisy chaining&tcontroller boxes together. First
connect one to the AFM controller and then connect the setmtite output of the first. The order
of HV220 and VFM controller does not matter.

10.13. VFM vs VFM2

A

- o L ] )
o
Y ° Sample Bridge

Figure 10.10.: Some of the basic components of the VFM defined. Also a side by side comparison of
the samples stages of the VFM and the VFM2-Tesla. The original VFM can be distinguished by the
lacking text on the motor cover, no gear cover, and no small sensor circuit board between the pole

pieces.
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Sec. 10.13

. VFM vs VFM2

10.13.1. Basic Differences

VFM VFM2- | Notes
Tesla
Max <=2500G| >9000G
Field
Sensor Offtothe | Under | VFM2 sensor makes a much better
Position side Sample | estimate of the field.
Sensor <=2500G| >10% | VFM2 sensor has more headroom arjd
Range over max | better linearity.
field
Sensor ~1G ~0.5G | VFM2 has an improved 16 bit sensor
Resolu- ADC.
tion
Movable Yes* Yes *Moving the poles from the closest
Poles spacing renders the sensor calibration
incorrect.
High No Yes VFM2 high voltage accessory attaches
\oltage to the Samuel stage. Not available for
the VFM for safety reasons.
Field Strong Weaker- | Typically field gradients go up as polg
Gradients Stronger | pieces are brought closer. See
Section 10.7 on page 114

The original VFM had its sensor located away from the sampeeFigure 10.11 on page 1R1
At the time this was due to a lack of sensors small enough tofieuthe sample. The VFM was
calibrated once with a larger calibrated sensor betweepdleepieces and this value was tabulated
against the VFM’s built in sensor. As long as the orientatibthe pole pieces stayed fixed as they
were during calibration, the remote sensor gave a reaspaablrate value of the field. This had
a number of requirements:

e The pole pieces could never be moved.

» The sample had to fit between the pole pieces so that the sdompburface was flush with
the top of the pole pieces.

« If the sample had any substantial volume and was ferromigtiee subsequent field distor-
tion was enough to render the sensor calibration ineffectiv

The only advantage to the old setup was the absence of a dwithpe directly below the sample.
One could remove the otherwise inert bridge between theetes and put a rather thick sample
in between, as long as it was no more than 1.5mm wide.

The VFM2 improves this situation by placing the sensor mudser to the sample, in a place
where the field has a higher degree of symmetry, allowing #eeafi shims (se8ection 10.9.2 on
page 12)to keep the sensor reading very close the field values near#a being imaged.

The VFMZ2 also allows the pole pieces to be moved. As long asdhe placed symmetrically on
either side of the sensor, measurements will remain valid.

Please contact Asylum Research if you would like a quote grage your original VFM to an
VEM2.
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(@) Sample and sensor positions for the origingb) Artistic rendition of the field lines in the orig-
VEM. inal VFM. Sample position is red, sensor position
is green.

Figure 10.11.: The original VFM had the sensor positioned far away from the sample.

10.13.2. VFM2 evolution

The pole pieces of the VFM2 have evolved somewhat until tie¢yesl at the design shown in this
document. Initially they were taller and the metal partshaf YFM itself were lower. The shims
can still be applied to this situation. For reasons relataddnufacturing processes, the final design
of the pole faces. A few VFM2s with these thicker pole pieceseneleased into the field.
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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 Il

Safety, Specs, Setup, and Shipping

Part lll: Who is it for?  Every new user should read the safety section at least ohgeu heed to
move your AFM or ship it to Asylum Research for any reasonagdeconsult this manual. Beyond
that, this part of the manual will probably not see much dagayp use.
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11. MFP-3D Safety

CHAPTERREV. 1523,DATED 08/20/2013, 11:38. BERGUIDE REV. 1590,DATED 08/30/2013, 12:47.

Chapter Contents

11.1 LightSource Safety . . . . . . . . . . e e e e e e 135
11.1.1 The MFP-3D Super Luminescent Diode . . . . . . . . . . .. ... .... 135
11.1.2 Laser Safety Precautions . . . . . . . . . . o i v i e e e e e 136

11.1.2.1 TiltSwitch . . . . . .. 136
11.1.2.2 LightSource Remote Jack . . . . . . . . . . . ... .. ..... 136
11.1.2.3 Light Source Lock Switch . . . . . . . . . . . . ... ... ... 136
11.1.24 Shutter . . . . . . . . e e e e 136
11.2 Power Supply Safety . . . . . . . . . e e 136
11.3 Labels . . . . . e e e e e 137

11.1. Light Source Safety

11.1.1. The MFP-3D Super Luminescent Diode

The MFP-3D head uses a super luminescent diode and is @dsssfian IEC class 1M laser product
that complies with 21 CFR 1040.10 and 1040.11, except foiatiems pursuant to Laser Notice
No. 50, dated 24 June 2007. Complies with IEC/EN 60825-12:2607.

Use of controls or adjustments or performance of procedures
Attention other than those specified herein may result in hazardousticad
exposure.

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

CLASS 1M LASER PRODUCT
1.0 mW AT 860 nm

Figure 11.1.: Light Source Warning label

The output under the specified measurement criteria coulglie 0.78 mw at 850 nm.
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11.1.2. Laser Safety Precautions

Do not tamper with the following safety measures. Tampeniiig the following may result in eye
injury.

11.1.2.1. Tilt Switch

When the MFP-3D head is tilted by 30° or more from its positioming scanning the light source
switches off.

11.1.2.2. Light Source Remote Jack

The light source remote jack is located on the back of therobet, in an upper corner. When
connected, this jack allows the MFP-3D light source to aatiiecally shut off under specific condi-
tions (i.e. foot/hand switch). If you do not intend to usestiaick as an automatic shutoff circuit, the
light source remote plug, provided with the MFP-3D, shdnsse two conductors, which enables
the light source.

11.1.2.3. Light Source Lock Switch

The key on the front of the MFP-3D controller allows the opar&o turn the light source on and
off by turning the lock vertically to power on and horizomyaio power off.

Viewing the laser output with certain optical instrumergg¢ loupes,
magnifiers, and microscopes) may pose an eye hazard. If weuamalnverted
optical system, please make sure that the Infrared cuttgfdibre inplace in
the binocular view peices and in the filter slot beneath thestu

Warning

11.1.2.4. Shutter

Some commercial inverted optical microscopes—such as lym@is IX Series —have a shutter
that allows the operator to choose to exclude all light fromaptical path.

11.2. Power Supply Safety

Both

The MFP-3D system uses high voltages and currents of up td, D65A. Use

Warning caution when handling system pieces to avoid electricakynj

the MFP-3D controller and the computer provided with yourPBD are configured for the stan-
dard power used in your location. However, you should chkeekconfiguration before connecting
the computer and MFP-3D controller to a power source. Ifeligra problem with the power con-
figuration, please contact Asylum Research using the irdtion provided inChapter on page iii
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11.3. Labels

The following labels appear on the MFP-3D controller:

Identification Label ~ The serial number identification label is located on the hzfdke MFP-3D
controller at the bottom center or at the top right as sean fvehind on the Arc2 Controller. You
may need to remove the stored hamster cover to see it.

Connecting a computer or MFP-3D controller configured tousimg
Warning low-voltage power (100-130V) to a high-voltage power seui200-240V) is
likely to cause serious damage to the equipment and will t@dvarranty.

Power cables are supplied by Asylum Research for MFP-3Rllatibns in
the USA. For installations in other locations, your disitir may supply the

Warning power cables. If no power cables are supplied, obtain gredipdwer cables
that fit the power connectors on the computer and monitor and yower
outlets.

Do not attempt to open the MFP-3D head or the Stand-Alone. lixgieg so

Warning will negate the product warranty.
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12. Installation

CHAPTERREV. 809,DATED 11/29/2011, 09:43. BERGUIDE REV. 1590,DATED 08/30/2013, 12:47.

Currently the AFM should only be installed by personnelified by Asylum Research and its
affiliates. Even if it is relocated within your laboratoryeveannot guarantee it will meet pub-
lished specifications unless we are involved. By all meatlisfsglum Research if you have any
questions. Support calls are always free and chances aramdirect you through the process of
installation and testing of specs over the phone.
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13. Shipping

CHAPTERREV. 1143,DATED 04/03/2013, 10:45. BERGUIDE REV. 1590,DATED 08/30/2013, 12:47.

Shipping should be done in the original cartons. If you carfimal them or did not save them,
please contact Asylum Research and we can supply you wittcagans. Also note that there are
some parts of the instrument (such as movable optics in tHd A€ad and floating components
in vibration isolation stages) which must be locked down liegaration for shipping or else in-
strument damage may result. Please contact Asylum Resaadctve will help you. Calling or
e-mailing our technical support is always free and we ar@hap assist.
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