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§ 0 Safety instructions and warnings

0.1 Important safety information

Laser safety warnings:

Infra-red laser diode:

Most users have a JPK NanoWizard® equipped with a laser diode that emits

invisible near infrared laser light (wavelength 750-1000 nm). Be extremely

INVISIBLE LASER RADIATION| - careful with such lasers, since the blink reflex will not protect your eyes. The

* T°D'RE°DT|:)R;::/E:;:F:D'A"°N NanoWizard® head is provided with a tilt switch to turn off the laser automat-
A O e peassonm | jcally when the head is in an upright position.

Use laser filters in optical equipment

Red laser diode:
Some users have NanoWizard® AFMs containing a class 2 laser diode with
emission in the (visible) red part of the spectrum. This may be harmful to

LASER RADIATION your eyes.
DO NOT STARE INTO BEAM
* DIODE LASER
1 mW MAX OUTPUT at 670 nm

CLASS Il LASER PRODUCT

Do not stare into the laser beam.

The emitted wavelength of the laser diode is 670 nm, with an emitted power
of 0.5 milliwatts. Even with the glass block detached, the emitted power of
the laser remains below 1 milliwatt. Thus the laser belongs to laser class 2.

Additional notice for users of the Life Science version:

Users with the NanoWizard® in the Life Science version must have a laser filter in the optical micro-
scope to prevent the laser shining into the users eyes. The laser filter is fitted by JPK on installation and
fixed in the housing of the binocular tube. The filter in the top of the AFM head is also provided for your
safety. Do not remove the filters in the AFM head or optical microscope. Note also that the laser
beam will be present in the optical path through the side ports of the optical microscope. Do not stare into
the sideports of the optical microscope.

Switching off the laser using the software

For safety reasons, for both laser diodes the user can switch off the laser with the laser toggle button in
the JPK SPM software if the AFM head is not in use. It is not possible to turn off the laser when the canti-
lever is approached on the sample surface and during scanning.

We— - We—

Laser on Laser off Laser disabled

6 NanoWizard® AFM User Manual Version 4.2




Electric shock hazard:

Do not remove or open the cover of the AFM head or controller when it is plugged into the power sup-
ply. The voltage (115 or 230V only) supplied to the system may cause injury to the user.

Do not stick anything through the slots in the top of the AFM head or other open parts of the AFM head
or controller.

Removal of covers or servicing parts is for trained JPK personnel only. There are no user serviceable
parts or components inside. Ask JPK for assistance if any problem occurs.

Sensitive environments:

Our product is fully CE-approved. Do not use the AFM with its controller in an electromagnetically sensi-
tive environment.

Electrostatic discharge:

The AFM head is sensitive against electrostatic discharge. Touch ground before you use it, or use a
ground bracelet.

Prevention of damage to the AFM head:

Do not use the AFM head or any of its components under water or any other fluid (the only exception is
the glass block, its spring and the attached cantilever, which can be immersed in water). Perform your
experiments in a dry atmosphere.

Do not pour any fluid over your AFM head. The metal cover of the AFM head is made of aluminum. Be
careful not to allow any contact with any aggressive acid or base.

The black membrane that protects the AFM head
from underneath is not stable against benzene
and alcohol. Do not allow aggressive fluids such
as acids and bases to come in contact with the
polymer.

e
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0.2 Warnings for the Life Science version with optical microscopes
0.2.1 Prevention of condenser lens crash

Be careful not to hit the AFM head when lowering the condenser (illumination optics) of the optical microscope. This is
especially important for users of the NanoWizard®l microscope, and particularly when the motors are extended and the
head is higher than normal. If the condenser is going to hit the head, lower the head on the motors first.

Always lower the condenser carefully!

0.2.2 Prevention of objective lens crash

Do not allow the objectives to crash into the microscope stage. The maximum load
of the objective revolver should be three objectives — arranged in a 120 degree
arrangement, as shown in the pictures here. Please check that the specific lenses
used fit in this conformation. It is possible that some lenses with an extra-large
width may have to be used alone, or the objective lens holder must not be rotated.

Note: The revolver with objectives can only be rotated if it is completely retracted.
This is particularly important if the optical microscope uses any automatic move-
ment of the stage or objectives. Please ensure that the automatic switching be-
tween objectives makes a retract before the rotation

0.2.3 Prevention of sample crash

Be careful with objectives that have a short working distance. When the objective is
moved upwards it may lift up the sample and damage the cantilever.

The sample holder has a groove on the left side that helps to observe the objective-
sample distance during the movement.

0.3 Other important information
0.3.1 NanoWizard®3 NanoOptics AFM system

This manual covers the functionality of the NanoWizard® 3 AFM standard system. Customers with one of the Nan-
oWizard® 3 NanoOptics version receive an additional manual explaining the handling and safety information. Please
read carefully this manual. If you have any problems with your system, please ask JPK for assistance (++49 30 5331
12070).

8 NanoWizard® AFM User Manual Version 4.2



0.3.2 Glass block cantilever holder

Note: The flat top and bottom of the glass block are optically polished glass. Only place these planes on soft tissue
paper. JPK recommends Kimberly Clark Kimwipes Lite 200 (green box). Do not touch the optical surfaces with twee-
zers or any other material that could scratch the surface, and do not store the glass block lying on these surfaces.

N

When deposited this way the polished optical When not in use, and for cleaning in an ultrasonic
planes of the glass block can be damaged. bath, always set the glass block on its side.

The glass block can be cleaned conveniently using an ultrasonic bath. However, please make sure that the glass
block is held using a soft support, swimmer or mesh. Do not ultrasonicate in a hard holder or glass beaker.

0.3.3 Sample stage and sample holder

Never immerse the sample holder or sample stage in liquid

Do not allow the sample stage or sample holder to come into contact with acids, bases or other aggressive chemicals.

0.3.4 Prevention of liquid spilling onto motor spindles

When the AFM head is put into an upright position after an experiment has been performed
in liquid, sometimes some fluid drops may fall from the glass block onto the back spindle of
the AFM head. This fluid may lead to corrosion, it is especially important for users of the
NanoWizard®l microscope.

Please remove the fluid from the glass block immediately after use with a soft piece of
tissue paper.

NanoWizard® AFM User Manual Version 4.2 9
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§ 1 Introduction words

This manual is mainly dedicated to NanoWizard® 3 customers. The NanoWizard® 3 hardware (head, controller) differs
from prior systems, so the installation steps apply to the NanoWizard® 3 system only. Nevertheless, most of the infor-
mation concerning the SPM software is relevant for all NanoWizard® customers. The SPM software covers all Nan-
oWizard® applications as well as NanoWizard® 3 specific modes and features as HyperDrive™ or MicroRheology that
cannot be performed with the NanoWizard® | or Il system. Particular applications and modes need special equipment
(e.g. NanoOptics version, HyperDrive™ cantilever holder) or additional external electronics (e.g. Piezo-Response
Force Microscopy). These modes are optional and are covered in corresponding manuals (ask JPK for information).

If you have any problems with your system, please ask JPK for assistance (++49 30 5331 12070).

10 NanoWizard® AFM User Manual Version 4.2



§ 2 Installation

2.1 Components
2.1.1 NanoWizard® head and controller

The most important parts of your AFM system are the NanoWizard® AFM head
and controller. Other components are different for the BioScience or Nano-
Science systems, but the AFM head and controller are the same for both.

Laser filter (do not remove)

Controller with signal
access module

*
Stepper motor housing

A Feet for positioning AFM
head

2.1.2 BioScience and NanoScience systems

If the NanoWizard® was ordered in the BioScience version, with a Life Science sample

stage, then it can be installed on various inverted optical microscopes made by Zeiss,

) Leica, Nikon, or Olympus. The AFM sample stage from JPK must match the optical
= microscope model. The entire optical microscope and AFM can also be placed on an

'1 i, active anti-vibration table or air table.

Note that the Life Science stages are specially shaped to fit a particular model of optical
microscope, and they are not interchangeable. Optical microscopes from different man-
ufacturers have different designs, and should only be used on the type of microscope
they are designed for. In each case the stage fits directly onto the optical microscope
body with several screws. These must be firmly attached to make a rigid connection
between the optical microscope and the stage, and to prevent unwanted drift or vibra-
tions. The sample positioning for the Life Science stages can be manual or motorized,
depending on the type of stage.

The Life Science stages also can be removed from the optical microscope and placed directly on the anti-vibration
table, so that the AFM can be used as a stand-alone system, or with TopViewOptics, as for the NanoScience system.
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In the NanoScience system, the JPK NanoWizard® AFM is usually used on a
special stage, designed to sit directly on a workbench or anti-vibration table.

CCD camera

This is mainly interesting for non-transparent samples, where the inverted optical
microscope is not suitable. The sample can be observed in reflected light using the
CCD camera with the TopViewOptics. The optical magnification is generally much
lower in this configuration than on an inverted optical microscope.

JPK
TopView-
Optics

2.2 Assembly
2.2.1 Location - find a quiet place for the instrument

For highest resolution imaging and most sensitive force measurement, it is important to minimize vibrations and noise
from the environment of the AFM. Reasonable results may be obtained even in non-ideal situations, but generally it is
worth reducing external noise or isolating the AFM to obtain reliable results at higher resolution. The most important
thing is to place the AFM system in a quiet room on a solid, stable base.

e  Building vibrations are usually smallest in the basement; AFM labs on higher floors may have more noise prob-
lems. Remember the effects of lifts or other large machinery may be felt even some distance away.

e  The temperature should also be stable, ideally the ambient temperature should not change by more than 0.5 °C
per hour.

e Moving air will cause vibrations or noise, so place the AFM system away from doors, windows and vents. Keep
doors and windows shut. Air conditioning can cause noise problems if it blows near the AFM system.

e Any loud noises or passing people can disturb the AFM experiment, so small rooms with just a single instrument
will generally give the best results.

Good vibration isolation is always required for scanning probe microscopy experiments. The two AFM head cables can
transmit unwanted vibrations to the AFM head. Therefore it is recommended that the cables are taped firmly to the
vibration isolation table. Simple adhesive tape can be used - wide masking tape for marking areas for home decorating
is particularly suitable, because the wide tape sticks well, but the adhesive is designed to not leave a residue, so the
cables do not become sticky.
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2.2.2 Controller connections

The NanoWizard®3 is equipped with a controller and PC that are connected via Ethernet.

For the PC as well as for the controller standard power cables for the correct volt-
age (230 or 115V, depending on the country) can be used.

There are several USB sockets on the computer to connect keyboard, mouse, the
JPK motorized precision stage and any other USB devices. Firewire cameras con-

nect directly with the Firewire (IEEE1394) connection (see Section 4.1.1 for more
information on the CCD camera).

The lower of the two network plugs is dedicated for connection with the controller.

There are two monitor cables, which plug directly into the graphics card.

The RS232 sockets connect temperature devices with the system.

The connections for the controller are found on the
a ., back of the controller box.

Power

| | The power supply socket of the controller is equipped

with a fuse, which depends on the particular equip-

Head % ment. Please ask JPK for assistance, if required (email
s support@jpk.com).

First check that the controller is switched to "OFF" and

—
ece

33232i then connect the black power supply cable for the

¥ LAN- -1 : controller. Connect the head cables to the NanoWiz-
L 9

special uss i ard® head (see below) and the network cable to the

(unused) lower network plug of the computer. Now the controller

can be switched on. Note that the power switch for the
controller is on the front of the controller box.

"’ The other connections are not necessary for standard
l use.

Note: Please avoid storage of heavy or electric equipment on the controller for an optimal performance.

2.2.3 AFM head connections

In the picture above of the back of the controller box, two cables can be seen, which connect to the AFM head. Please
do not strain these cables.
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On the right hand side of the AFM head are the two sockets for the
controller cables. Check the plugs and sockets carefully; there is
only one way to connect them. Do not force the connectors!

Note: Always check that the controller is switched OFF before
connecting or disconnecting the AFM head!

Note that the placement of the head cables can be very important for taking high resolution images. Try to eliminate all
sources of vibration from the AFM head. Vibrations can be transmitted via air, via the table and via the two cables
which connect the AFM head with the controller. We recommend taping the two head cables to fix them to the anti-
vibration table. They should be loose, so no tension or torsion is transmitted to the head, and the cables’ weight is not
pulling on the head. The firm connection to the anti-vibration table removes differential movement between the head
and the stage. See Section 2.2.1 for more details.

2.2.4 Power On

Make sure that the main power switch on the back of the computer is on, then switch on the computer at the front. The
Linux Ubuntu system will start automatically (for more information about the operating system see Section 9.1)

When the computer has booted, switch on the controller with the switch marked in the images.

The upper image shows the front of the controller for the case it is
equipped with a Signal Access Module (SAM), such as the Vortis
Advanced SPMControl Station. (for more information about the
Signal Access Module see Section 9.3)

. Controller with Signal Access Module

» Standard Controller

¥ - *

The lower image shows the controller without SAM, such as the
Vortis SPM Control Station.

- ¥ o

The blue LED on the front of the controller shows the status:
e  Off (dark) — no power connection, or the main power switch at the back is off.

e Blinking (on/off) — the power is connected and the switch at the back is on, but the controller is still off.

e On (stays lit) — controller is switched on and can be used.

After switching on the Control Station (or pressing the reset switch) the following sequence of colours can be observed
at the rear panel:
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e bootloader on

e  program loaded

e [P address assigned -> ready for operation!

It is alright to leave the PC switched on all the time. When the SPM program is closed, you can easily switch on/off
the controller.

At the log in screen, enter the user name and password. For new systems, default account details are
sent separately. Once you have logged in with a valid user account, the JPK icon can be found on the
— desktop to start the SPM software. The PC can be left on all the time. When the SPM program is closed,
you can switch the controller on/off as required.

2.3 Practical tips for using the NanoWizard®
2.3.1 Cleaning and maintenance
2.3.1.1 Glass block cleaning and storage

The flat top and bottom of the glass block are optically polished glass. Only place these planes on soft tissue paper.,
such as Kimberly Clark Kimwipes Lite 200. Do not touch the optical surfaces with tweezers or any other material that
could scratch the surface, and do not store the glass block lying on these surfaces.

A v

When placed like this, the polished optical surface When not in use, always place the glass block on its
of the glass block can be damaged. side.
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The glass block can easily be cleaned with an ultrasonic bath. If required, some detergent can be added to the water.
When the glass block is put into the bath, it should be set on its side, otherwise the optical planes of the glass block
can be seriously damaged. Rinse the glass block with ultrapure water afterwards and dry it in a stream of nitrogen. Try
to avoid any contact with the optical planes.

2.3.1.2 AFM housing and filters

The NanoWizard® AFM head does not require much maintenance. From time to time clean the housing with a soft
damp cloth. The yellow reflective laser filter in the top of the AFM housing can be cleaned with a soft piece of clean
lens paper soaked with a few drops of pure alcohol.

2.3.2 Cantilever selection and handling

The cantilever and tip are both susceptible to damage. Cantilevers are expendable items and have to be replaced
regularly. The lifetime of AFM cantilevers strongly depends on the way they are handled. If the tip is damaged, the tip
radius generally increases. With worn or contaminated tips, the image resolution will be reduced and the images may
have serious artifacts. Damage to the cantilever arm may also cause problems for imaging. See also the more general
discussion about cantilever choices for different imaging modes in the NanoWizard AFM Handbook.

Handle the cantilever chips carefully:
e Do not touch the cantilevers with fingers. Use tweezers to handle them.
e Do not drop the cantilever chips. The cantilevers are delicate and may break off from the chip.

e Only open the cantilever package when necessary for taking out or inserting a cantilever, and always in a
clean environment.

The tips may also be damaged through inappropriate scanning conditions:
e  Too high gain parameters (IGain and PGain) may lead to a damage of the cantilever tip.
e Too high setpoint values in contact mode may damage the tip.

e Too low setpoint values in intermittent contact mode may damage the tip.

2.3.3 Setting up in liquid

The NanoWizard® AFM is optimized for performing experiments on samples in a liquid environment. The instrument is
designed to protect sensitive parts of the microscope, but particular care is still needed when working in liquid.

The glass cantilever holder is easy to clean and chemically inert and well-suited to working in buffer solutions as well
as in low-concentration bases and acids. The cantilever holder spring is made of medical steel, or on request a gold-
coated spring can also be supplied. The glass block can be immersed up to the upper edge of the groove that holds
the spring. This is a maximum immersion depth of approximately 4-5 mm.

The bottom of the AFM head is sealed against vapor to protect the scanning system from water, buffer or any other
liquid whose vapor could damage the scanning system. Always remove the glass block immediately after your experi-
ment and clean it.
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§ 3 Software overview

3.1 SPM software introduction and index

The JPK NanoWizard is delivered with the latest version of the JPK software. The software programs SPM is devel-
oped in-house by JPK. The information in this chapter provides an overview of the main components of the SPM soft-
ware, and links to find more specific information on particular features from the menus or shortcut icons.

3.1.1 Starting the program

Double-click the SPM icon on the desktop and the program will start.

3.1.2 Software overview

1. Menubar [ nanaizara comrat
h"“‘"-—-_._______- Setup Motors Agcessories DataViewer Advanced |maging Window Help

2. Toclbar  ——m8 —— ‘u@‘ ¥ ‘ | @ ‘ @" [ﬁ‘ m‘ | [l | |contact Mode " ‘&Imagmg v| = E H E ‘

Feedback Control E| Data Viewer - Height (trace) =) [O(%)

1Gain [+ 50.0] 4 |z
3. Feedback Control PGain [v] ooofa]

Setpoint | 10|l

( Scan Control
TENE|
& |

L& |u Line 0 511‘ ® |

Fast [+ 10.0] & Jum

Slow |- 10.0| 4 |pm
4. Scan Control Unerate | ¥ 10[a ke 6. Data Viewer

Pixels 512 %512 M H

X Offset v 0.0| & lum

¥ Offset | 0.0| & |um

Scan Angle \v ofa ‘deq

\_ | Advanced imaging settings |

Z Range

0 pm 15.000 pm 15 pm

[ 1 channel || settings || view || Focus || Line viewer

Extended Retracted| —

System Status
5. Z-Piezo and sum 534V
System Status display Vertical Def  -0.272V/

Lateral Def 015V

Status Scanner Retracted

7. Information and status bar

The graphic here shows the initial software state. The next sections of this manual introduce some of the software
options and controls that can be seen in this screenclip. This chapter provides quick overviews of the functions; more
detailed instructions are given in the referenced sections later in the manual that describe approaching, imaging and
the particular types of experiment that are possible.

1. The menu bar runs along the top of the screen; the pull-down menu options are listed in Section 3.1.3.
2. The icon toolbar provides shortcuts for some of the most commonly used options, as listed in Section 3.1.4

3. The Feedback Control panel can be seen on the left side of the screen. Here the feedback parameters can
be set , these are briefly introduced in Section 3.2.2 and more thoroughly discussed in Section 5.2.

4. The Scan Control can be seen on the left side of the screen during imaging mode. These settings are briefly
introduced in Section 3.2.2 and more thoroughly discussed in Section 5.1.
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5. The Z Range Z-piezo display and System Status panels display information about the current state of the
AFM system, such as the current piezo position, and whether the instrument is approached on the surface.

6. The Data Viewer window displays the scan data (either from the current scan, or from previous data files).
The options for setting the data and display settings are introduced in Section 3.2.3.

7. The status bar at the bottom of the software provides information about the most recent software actions.
Confirmation of file saving, warnings and other information will be displayed here. It is normal that this is
empty when the software is first started.

3.1.3 The menu bar

Along the top line of the user interface you will find a pull-down menu bar, as shown here. The table below lists the
options available and gives references for more detailed explanations of their functions in imaging.

Setup Motors Accessories Data Wiewer

Advanced Imaging Window

Pull down menu Short explanation Details in section:
Setup
Autosave Autosave enables automatic saving of scans 3.2.8
Scan Repetitions Scan Repetitions 3.2.3
B Laser alignment Open the Laser Alignment window 4.2.2
Z-Range Limit the Z-Range of the z-piezo for better z resolution 5.3.1
I’z Z Piezo Display Open the Z Piezo Display vertical display 5.3
Approach Parameters Change Approach Parameters and initial piezo position 4.5
& saving Settings Saving Settings — manage data saving 3.2.8
BZ channel Ssetup Choose the data Channels that are stored to memory 3.28
#% Advanced Feedback Settings Open AC Feedback Mode Wizard window in AC Mode for 4.4.2
TTL Cantrol Cantilever tuning
é}{it Ctrl-Q TTL Control — control and monitor TTL signals 0
Exit: Close the SPM program
m Motor
& Stepper Motor Control the coarse height position using the Stepper motors 5.3.2
& Motor Leveling Open the wizard for automatic Motor Leveling (if installed) 5.3.3
Accessories
@ CCD Camera Launch the CCD camera 411
DirectOverlay Optical Calibration DirectOverlay Optical Calibration in SPM 8.2
& import Optical Image Import optical mage: import a calibrated optical image into 0
= Pump Control the data viewer.
¥ FluidicsModule Pump Control for syringe pumps 4.6.2
Temperature Controllers 4.6.1
Temperature Controllers » ] .
, Voltage Output Settings for setting a voltage on a DAC
Voltage Output Settings . i .
ExperimentPlanner opens a window for running of custom- 0

2% ExperimentPlanner

ized experiments
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Height List of active channels that can be displayed in the data 3.2.2
Wertical deflection viewer

Lateral deflection

Errar signal

Height (measured)

Colortable: choose the color to display the images
colortable b

) Scan/Quantitative Imaging List: manage holding and sav- 0
Scan List

ing of scan data

Quantitative Imaging List

& open Script Open script loads scripts to perform custom experiments 9.2.6
IPK SPM Jython Console JPK SPM Jython console gives a direct command line for 9.25

|2 Real Time Scan running macros etc.
:ogging Settings Open the Real-time oscilloscope window 9.2.2
Advance; System Status Manage the Logging Settings 9.2.3
Open the Advanced System Status window 453

Some pull down menus depend on the choice of Measurement mode:

& open saved Image Open Saved Image: load AFM images into the scan list 5.1
B Scan List Scan list: manage holding and saving of scan data 0
Advanced Imaging Settings Advanced Imaging Settings for scan speed and overscan 5.5
Hover Mode Settings Open the Oscilloscope window 5.4.1
2 Oscilloscope Open the frequency Spectrum Analyzer window 9.2.1
2 Spectrum Analyzer Calibration Manager — set calibration of height, vertical §7
~y Calibration Manager deflection and spring constant

Force-Spectroscopy

F

Eorce-Spectroscopy

e e Force Scan Series List: manage holding and saving of §6
\= Force Spectroscopy Oscilloscope Force-Spectroscopy data . .
: ) _ Open the Force Spectroscopy Oscilloscope Window 6.1.2
IV Force Time Oscilloscope . . )
3 ) Open the Force Time Oscilloscope Window 6.1.3
# Advanced Force Settings .
) _ Advanced Force Settings for spectroscopy rates and delays 6.3
7y Calibration Manager . i . . . .
Calibration Manager — set calibration of height, vertical §7

deflection and spring constant

Force-Mapping
6.7

B o List Scan List: manage holding and saving of Force-Maps data

= can LIS

15_|: Force Mapping Oscilloscope Open the Force Mapping Oscilloscope Window 6.7.3
I Force Time Oscilloscope Open the Force Time Oscilloscope Window 6.1.3
‘ e Bov S Advanced Force Settings for spectroscopy rates and delays 0
A e R Calibtion Manager — set calibration of height, vertical deflect §7

tion and spring constant
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window

Tile Wertically

Tile Horizontally

Settings to allow tidy alignment of open windows

Cascade
| Close All Frames

v Auto-save Window Layout If Auto-save is enabled, then sizes and positions of internal 3.2.7

windows are remembered
v Awvoid Opening Frames

Forget Saved Window Layout The personal settings can also be deleted with Forget

Window Position

Select from the list of other currently open windows

ml Help

About Information about the software version and related projects.
Credits 3.3.2

3.1.4 The shortcut icon toolbar

Below the menu bar you can find icons to launch the most commonly used features. A short explanation for each icon
is shown in the table below. Some icons or options only appear if software extension modules have been purchased.

B[ ¥ | ron [ @ | 2] %8 +|EH] [comecmoe - [ maang =[]

The icons on the left hand side of the toolbar are always shown, regardless of the feedback or measurement modes
that are selected.

Details in

Shortcut icon Brief explanation .
Section:

ﬁ| |—| Autosave — this toggle button both shows the status and activates the Autosave func- 3.28
] = tion so that all scans are automatically saved.

a Saving Settings — this is used to set the name, location and content of data files saved 3.2.8
from the software.
@ Approach starts the movement of the cantilever towards the surface. 4.5

Run starts a scan (in many modes this is only active if the cantilever is approached at 4.5

RUH the surface).

@ Retract moves the cantilever away from the sample using the Z-piezo or the Z stepper 453
motors.
% The Z Stepper Motor window controls the 3 motors for coarse approach or retraction. 5.3
They can also be moved independently to change the tilt of the head.
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Motorstage icon (requires an optional software module which comes with the JPK Mo-
torized Precision Stages). The stage must be connected at software start.

Start the CCD-camera window to see the image from the optical microscope or top-view
optics.

Take a Snapshot and import a calibrated optical image using selected calibration (re-
quires optional software module DirectOverlay). The button is only active when an optical
image is selected in the scan list.

Shows the status and switches the Laser on/off (this is a toggle switch, and can not be
switched off during scanning or while approached).

Open the Laser Alignment window to adjust the laser beam onto the cantilever and the
photodiode.

The Cantilever Tuning icon is only shown when certain feedback modes are selected.
The tuning window is used to find the cantilever resonance.

Contact mode

The Feedback Mode is set with this drop-down box. This defines how the Z-
-
position of the cantilever is controlled during the measurements.

The list of available Feedback Modes depends on the controller type and also
the software extension modules.

‘E Imaging

the kind of measurements or scans that will be made. The set of available
measurement modes depends on the Feedback Mode.

‘ The Measurement Mode is set with the second drop-down box. This defines
-

8.2

4.2

4.2.2

4.4.2

The icons that appear after the drop-down boxes depend on the choice of Measurement mode. These are discussed in
more detail for the individual modes.

3.2 Introduction to the main controls

3.2.1 Feedback Control

The Feedback Control panel always appears in the top left position in the software, regardless of the measurement
mode. These settings define how the Z-position of the cantilever is controlled during any measurements.

feedback modes there are multiple gains and setpoints.

Feedback Control - The settings displayed here are explained in Chapter § 5 1Gain and PGain
<2l |i 150.0 i|H2 are part of the Pl (proportional-integral) feedback system. The Setpoint value
PGain | hd 0.005| & | represents the force applied to the sample, depending on the imaging mode.
Setpoint |? 1.000 :|v See Section 5.2 for details on how to choose these parameters. In some

NanoWizard® AFM User Manual Version 4.2

21



l “ I ( Nanotechnology for Life Science

Instruments

3.2.2 Imaging settings — Scan Control

The next section of the control bar on the left of the software depends on the measurement mode. Imaging is the
default measurement mode, and the Scan Control settings are described here.

Scan Control

| @ |? _Line o 53'L3L—|$' |
Fast | v 10.0| & |pm
Slow |T 10.0 T'“m
Line Rate | = 1.0| & |Hz

Pixels 512x512 M
X Offset |v 0.0 & jum
¥ Offset |L 0.0 :|pm
Scan Angle |L 0 :|deg

| Advanced Imaging Settings | mation.

X

2

3.2.3 Scan Repetitions

=2

Autosave

Laser Alignment

Scan Repetitions Single Scans
v Infinite Scans
Z-Range 4

Stop After Current Scan

The icons in the upper part of the window are introduced briefly below, and
‘ g || E} further discussed in Section 5.1.1.

The parameters displayed in the lower part of the Scan Control window are
also explained in Section 5.1.1. They are used to change the scan size and
position (offset), the speed of the tip over the surface and the number of pixels
captured in the images.

The Advanced Imaging Settings panel can also be opened directly from
here for more advanced imaging parameters. See Section 5.5 for more infor-

Open a new Data Viewer window, see Section 5.1.2.

The zoom symbol activates a new scan area that has been drawn in the Data Viewer using the right
mouse button option Select new scan region. See Section 5.1.3.

Switch between normal image scanning and Line Scanning mode. In Line Scanning mode, one scan
line is scanned repeatedly, rather than moving to the next line to form an image. See Section 5.1.1.

Switch between normal image scanning and Outline scanning mode, to get an overview of the sample
area using an optical microscope or top view optics. See Section 5.1.1.

Choose Scan Repetitions in the Setup pull down menu
to manage scan repetitions. The default is set to Infinite
Scans. If Single Scans is enabled, the system stops
scanning after one scan and rests in idle mode.

During scanning there is the possibility to select Stop
After Current Scan, to prevent the system from scanning
further images after the current scan.

22
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3.2.4 The Data Viewer

The Data Viewer is designed for displaying data collected in Imaging modes. It is also useful in many other measure-

ment modes,

for displaying locations of point measurments (e.g. for Force Spectroscopy mode) or line measurements

(e.g. for Manipulation mode) relative to previously scanned images or optical images. Therefore the Data Viewers are
available in all measurement modes.

[E Data Viewer - Height (trace)

10

The Data Viewer displays images that are currently being
scanned, plus old scans from stored images in the Scan List
(see Section 3.2.8). Multiple windows can be opened to
show data from different channels or with different settings.

The Data Viewer also allows many scan controls to be ap-
plied graphically, using the right mouse click menu. For more
details see Section 5.1.2.

The controls on the bar at the bottom of the data viewer set
the display options, and are described briefly below.

| channel || settings || view |[ Focus || Line viewer |

Channel

Settings

View

Focus

Line viewer

Many data channels can be collected and saved simultaneously, creating multiple images in one scan.
The available channels depend on the imaging mode and also which channels are switched on in the
Channel Setup (see Section 3.2.8). Channels can be displayed in either the trace (left to right in the
normal view) or retrace (right to left) scan direction.

The display Settings control the pre-processing of the displayed data and also how the numerical values
are converted to a color image.

The controls here can be used to rotate and zoom into parts of the image within the viewer. Neither func-
tion affects the scanning angle of the cantilever, only the data display. The display settings are conerted
to scan settings if a scan region is selected and confirmed with the zoom magnifying glass icon.

Rescales the currently scanned or selected image to the borders of the data viewer.

Displays the current line scan for each fast-scan line as it is acquired. The channel and leveling settlings
are used as for the main data viewer image.

There are some useful mouse shortcuts for changing the Data Viewer display region directly:

e  Scroll the mouse wheel in the image plot area to zoom in or out of that location

e Click and drag with the mouse wheel in the image plot area to shift the view region
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3.2.5 Oscilloscopes

F oscilloscope

. = [al&] ()1 Non-image data is usually displayed in
S e P some form of Oscilloscope window.
o [l oofadun There are different kinds of Oscillo-
Save Line Scan .
_ T Wertical axis scopes for different ~measurement
€ S|t [cha (tha Teha ]
3 |chanmel modes, but some features are common
g & |pisplay Both -
£ 3 [vmax (= 12] & |om to all.
¥ Min [v 4 Alnm
tevelng [tinear -l The plot area is usually on the left, with
Color (trace) |red - . . .
coor ey s <] display settings on the righ. The text
4 ‘ ‘ ; ; ‘ ‘ . . i
b ®s @ @5 A A oo Bs At e fields can be used to set the for the

horizontal and vertical axis ranges and
displayed channels.

| E | | [ ” I | | Iﬁl | The standard oscilloscope toolbar can also be used to set the
view ranges. This is found in most oscilloscopes.

Zoom — activates mouse tool to select a rectangular area in the plot, which updates the axis settings.

E Full Range XY — sets X and Y axis to the full range of the current data
|| Full Range X
I Full Range Y

Autoscale XY (toggle button) —the X and Y axes are reset to the full range of each new data set as it arrives

E Autoscale Y toggle

There are some useful mouse shortcuts for changing the Oscilloscope display region directly:
e Scroll the mouse wheel in the plot area to zoom in or out in X
e Shift + scrolling the mouse wheel in the plot area zooms in Y
e Click and drag with the mouse wheel in the plot area to shift the displayed region of the curve

e The tools Zoom and Full Range XY from the toolbar can be accessed in most oscilloscopes directly from the
right mouse button menu in the plot area

24 NanoWizard® AFM User Manual Version 4.2



3.2.6

Feedback Control

IGain [v 150.0 a.]Hz
PGain [v 0.0048 s.».]
Setpoint t 2 oool_. L.
Adjust Stepsize
Baseline r | UU] = v

[ Reset ” Adjust ]

|'-- Adjust Stepsize

Change step for value: Setpoint

| o.oozb/

l Set ” Cancel ]

Increasing and decreasing values with the increment buttons

The SPM software contains many text fields, where values for the control
parameters are shown and new values can be directly entered. The
increment buttons (up and down arrows) are used to quickly increase or de-
crease the value of the text field by fixed steps using the mouse.

To adjust the step size for each text field (e.g. here the Setpoint), right-click
with the mouse on one of the arrows, and select Adjust Stepsize.

The value can then be updated.

Note, the keyboard shortcuts page-up and page-down can also be used to
quickly change a selected value using these increments.

3.2.7 Personal display settings

Tile Vertically
Tile Horizontally

Cascade
(x| Close All Frames

v Auto-save Window Layout

v Avoid Opening Frames
Forget Saved Window Layout

Image Viewer - Height (trace)

If Auto-save window layout is enabled (default is on), then the positions
and sizes of the internal windows are remembered when they are closed so
they appear the same when they are opened again.

If it is off, the layout can be saved directly with Save window layout now.

The default has Avoid opening frames turned on. This means that the
positions of windows are remembered when they are opened by hand, but
the windows are not automatically reopened when the software is started or
the mode is changed.

The personal settings can also be deleted with Forget saved window lay-
out. This resets all the saved settings, but does not change any windows
that are currently open.

The list of windows at the bottom gives the choice to bring any of the current-
ly open windows to the top level.

B i e e

Fle Edit View Go Bookmarks Help

€ . & = B =
Back up Reload Home  Computer
\%\ ‘THrachs\ || ipkdata || configuration|

Placesv X

=

ipgui-user-frame.
properties

=

rachel

£3 Desktop

[ File System

I Network Servers
' Trash
Documents
Music

Pictures

Videos

ipgui-user properties

4 items, Free space: 338.4 GB

e
Search [

sprgui-user.
properties

= The personal display settings are saved for each login
account under username/jpkdata/configuration

Fo)

& 100% @ |Viewaslcons C |

=

spmgui-userframe.
properties

The files here store display and channel settings (sav-
ing settings selections etc.) for both SPM and IP.

To reset everything to default, these files can be deleted
in the normal file browser when SPM and DP are
closed. New files will automatically be created with the
default values the next time SPM and DP are started.
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3.2.8 Managing and saving data

Channel Setup

= (@ £3

Enable

O00000000000dEEOOOCOOROO

Inputs | Internal r Outputs rTesting ‘
External channel Internal channel
Gated Photon Counter 1 Photon counter 1
Gated Photon Counter 2 Photen counter 2
Height sensar Height (measured)
High Resolution 17 High Resolution
High Speed 13 High Speed 1
High Speed 14 High Speed 2
High Speed 15 High Speed 3
High Speed 16 High Speed 4
Precision 1 Wertical deflection
Precision 1 Precision 1
Precision 2 Lateral deflection
Precision 2 Precision 2
Precision 3 Precision 3
Precision 4 Photo Sum
Precision 4 Precision 4
Precision 5 Tunnel Current
Precision 5 Precision 5
Precision 6 Precision 6
Precision 7 Precision 7
Precision 8 Precision 8
Precision 9 Precision 8
Precision 10 Precision 10
Precision 11 Precision 11
Precision 12 Precision 12
Approximate scan file size: 1572.86 kb
Approximate scan memory size;: 12582.91 kb

(o= @]

Saving Settings for Contact Mode

There are many data channels that can be acquired simultaneously dur-
ing AFM imaging or other measurement modes.
channels depends on the type of controller, and also the feedback mode
that is being used. External input channels from other devices can also
be recorded, using the Signal Access Module (see Section 9.3).

The list of available

The user can decide which channels will be collected during scanning.
The channel setup can be selected in Setup - Channel Setup.

The Saving settings window is used

[v][Use one folder for all data types| |f’hcmeftmeumann,’jpkdata}ﬁbrcb\asts_hwngf’?ﬂl1—12—08,’31‘

H Browse ‘

Temperature data | Quantitative Imaging | Voltage Spactroscopy | STM |-V Spectroscopy |

to define the default file locations,

Image Scans r Force Scans

Force Scan Maps r Real Time Scans

I

Voltammetry

| filenames and text comments for the

Filename root: |save

Folder:

;megfzml-lz-osfsf" Browse

Auto-save also applies to incomplete scans

Name ne name entry

Frobe
no probe entry

Comment
no comment entry

Save with Scan

Channel Trace Retrace
Height

‘ertical deflection O O
Lateral deflection O O

[ position (Tip)
position (Tip)
Error signal 1
WAxis 4
Precision 5
Precision &
Photon counter 1
Photon counter 2
High Speed 2
High Speed 3
High Speed 4
Precision 3
Precision 7
Precision 8
Precision 9
Precision 10
Precision 11
Precision 12
High Speed 1
High Resolution
Wxis 5
Wxis &
WAxis 7
IAxis 8
Height (measured) =]
Photo Sum
(Capacitive sensor X position
(Capacitive sensor ¥ position

different types of data files that can
be collected using the SPM software.

The settings here also control the
default list of data channels that will
be saved in different measurement
modes.

This is opened by choosing Setup —
Saving settings from the main
menu.

Missing Channel?

Once a channel is enabled in the Channel Setup, the Saving Settings panel can be used to specify whether it should
be saved in data files from different measurement modes. The more channels that are saved, the larger the data files.
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The Filename root is a prefix for the filename; the time and date are added to automatically generate file names. This
is convenient if the computer clock is set at the correct time. Files are saved by default in the chosen Folder, which
can be set separately for each different data type in each tab. The option “Use one folder for all data types” at the
top is a useful shortcut to save all types of data in one location. Browse can be used to select an existing directory or
to create a new directory.

In addition to the data channels it is possible to add comments, such as notes on the sample or the probe into the

stored file.
W
L=

‘g Autosave ON Autosave OFF

To avoid losing any images, the Autosave function can be activated in the main icon toolbar. There are two options
for images — either Autosave saves only the full (completed) images, or it saves every partial image, even if only one
data line is collected. This is controlled by the tickbox option “Auto-save applies also to incomplete images” in the
Saving Settings window. Interesting partial scans can always be saved manually from the scan list.

3.3 Software versions and updates

The software programs for online control, SPM, and data or Data Processing, DP, are developed by JPK. If you have any
problems or suggestions for improvement, please send an email to support@jpk.com. SPM and DP are generally
installed on an Ubuntu system, but no specialist Linux knowledge is required.

3.3.1 Updating the software

Free software updates can be downloaded from http://customers.jpk.com. Customers are informed of major new re-
leases by email; in between there may be minor updates for particular features and these can be downloaded at any
time. This web page is password-protected; please enter the login name and password. The login-name is your device
number, eg. JPK00111, which you can find on the instrument, and the password is provided with the AFM system.
Note that the website password is not the same as the “root” or "jpkroot" administrator password for the instrument
computer.

The full install instructions are given on the website link, here is just a short version:

To install the file on the computer, log in with the administrator account jpkroot and copy the installer to a local directo-
ry, e.g. to the Desktop. The installer can be run from the linux console using this command:

sudo sh "/home/jpkroot/Desktop/jpkspm-xxx.bin"

The full file path for the is required (with xxx substituted for the actual release number), and the jpkroot password must
be confirmed. If you have lost or forgotten your password, or have problems downloading or installing the upgrade,
please contact us for assistance. E-mail support@jpk.com or call our technical support line on +49 30 5331 12545.
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3.3.2 SPM software versions

About JPK NanoWizard Control

- ®
Nﬂ“ﬂleaI‘d * DirectOverlay
* ExperimentPlanner

© 1929-2010 JPK Instruments AG, all rights ressrved - www._jph.com * RampDesigner
NanoWizard, LightWizard and CellHesion are registered trademarks * RampDesigner for force mapping

of JPK Instruments AG

wK ...

Instruments

( Mersion 4.0.4+

Control Software v.4 * FluidicsModule

Available extensions:

* Kelvin Probe Microscopy

* Manipulation

* MicroRheology

* Motorized Precision Stage

* Photon Counting

* Piezo Response measuremeants
*# Pump Control

* Scanning Tunneling Microscopy
# Scripting

# Tuning Fork

*\oltage Ramp measurements

Instrument number  WTC

If you contact JPK for assistance concerning
the software it is helpful to know which ver-
sion of the SPM software you are using.
From the main drop-down menu at the top
of the window open Help — Info to see the
version number (bottom left corner).

The text on the right also shows the list of
Available Extensions. This defines which
options will be available in the software —
controls will be enabled depending which
modules are installed.

If you have a software problem it helps to have as much information as possible about the circumstances. Any errors
or warning messages are automatically written to a log file in the data directory, \user\jpkdata. The file name includes
the date and time the software was last started, e.g. spm-2010.05.27-21.16.43.log. It will help us to respond quickly to
your requests if you send us the file as an email attachment.
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§ 4 Setting up and approaching

4.1 Optical images

4.1.1 The CCD camera - JUnicam

Most NanoWizard® AFM systems are equipped with a Firewire camera. The same camera can be used

@ with either an inverted optical microscope (Life Science system) or the top view optics (standard system).

If using an inverted optical microscope with the optional DirectOverlay feature, the optical image can be
imported into SPM (see Section 8.2)

Simply connect the Firewire cable, or USB cable from the AFM computer to the camera. Consider “video”
labelled Firewire/USB ports. The connection will automatically be recognized by the software.

Start the camera viewer with the CCD button from within the JPK SPM software icon bar. The software for
the optical camera is called JUnicam.

Further detailed information about JUnicam and software support for different camera families are given in
“JPK Software Integration for Cameras” as separate manual.

4.1.2 Optical imaging hardware - Top View Optics

The top view optical device for the NanoWizard® standard version allows you to adjust the laser spot on top of the
cantilever, as well as helping you to navigate around your sample. Start the camera viewer with the CCD button or
Linux command, as above. The magnification by turning the wheel just below the steel ring that holds the camera.

This is a CCD camera image (low magnification) of the cantilever and the sam-
ple taken with the AFM NanoWizard® in the standard version. In this case, the
view of the sample and cantilever is from above.

The image shows the sample (a polymer sphere) and the approached cantilever
from above. During the scanning process the cantilever moves as indicated.

4.1.3 Optical imaging hardware - Inverted optical microscope

In the NanoWizard® Life Science version the AFM is placed on an inverted optical microscope. The scan area can be
selected by either looking directly through the eyepieces or using the CCD image displayed on the computer screen.
The inverted optical microscope shows the sample and the cantilever from below.

4.1.3.1 Microscope alignment for Kéhler illumination

Modern optical microscopes are equipped for Kéhler illumination. This is important to get good contrast for advanced
optical imaging techniques such as optical phase contrast or differential interference contrast (DIC). Note that if the

NanoWizard® AFM User Manual Version 4.2 29



l “ I ( Nanotechnology for Life Science

Instruments

microscope is aligned for Kéhler illumination and then the NanoWizard® is put in place afterwards, the Kéhler illumina-
tion must be re-aligned.

It is worth reading some background information about optical microscope adjustment and optimization, since simple
adjustments can make a large difference in the optical image quality and contrast. There are many websites with
helpful tutorials and information on basic concepts such as Kéhler illumination, phase contrast and DIC: Here are a
few examples from some large optical microscope manufacturers:

Olympus: http://www.olympusmicro.com/primer/anatomy/kohler.html

Nikon: http://www.microscopyu.com/tutorials/java/kohler/index.html

4.1.3.2 Interference of the optical microscope with the AFM system

When the optical microscope illumination is switched on during the AFM experiment there might be some perturbations
visible on the AFM image. On flat samples especially, perturbations that appear as narrow lines visible parallel to the
slow scan direction may be observed (typical frequency 300Hz). This is due to the rectifier in the illumination power
supply. Therefore it is recommended to switch off the microscope illumination during measurements of small samples
such as single molecules if this interference is seen.

4.2 Set up the cantilever and optical detection system
4.2.1 Mount the cantilever

The cantilever is fixed to a glass block, which is locked into the
AFM head during scanning. The optical glass is inert against most
chemicals, but should be protected against scratches. For clean-
ing advice see Section 2.3.1.

The cantilever is first clamped to the glass block with the cantilever
spring, and then held fixed in the AFM head ready for scanning.
The glass block can be mounted/removed from the head when it is
in the upright position, as shown in the schematic here.

There are various shapes of the glass block, but the base part that fits in the AFM head is identical in all cases. The
alignment of the cantilever is also the same, since the central optical path is always the same.

The glass block with straight cylindrical sides is designed for use
with the top-view optics setup. It has a large polished region at the
end that gives a large field of view for low-magpnification optics.

Straight-sided glassblock
for use with Top-view optics
(Standard stage
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Side-cut glassblock for The glass block with the angled end faces is for using with an

use with inverted optics inverted optical microscope. In this case the field of view is much
(Life Science stage), smaller, and the end region has been cut down to give more space
especially for the BioGCell and easier handling in enclosed liquid cells.

and CoverslipHolder

The extra long glass block with angled faces has been designed
Longer glass block for the especially for the use with the JPK PetriDishHeater™. This glass
PetriDishHeater. block is of course compatible among all JPK sample holders.

This glass block houses a piezo ceramic incorporated into a PEEK
composite. So the cantilever can be driven directly using the JPK
HyperDrive™ mode.

HyperDrive™ glass block for
the HyperDrive™ software
module.

Use the cantilever changing tool to mount the cantilever chip to the glass block. This tool holds the glass block fixed
and avoids damaging the glass block when changing the cantilever. Additionally, the changing tool corrects for the tilt
of the chip holding part of the glass block to facilitate cantilever mounting.

Put the cantilever holder into the cantilever changing tool.
The screw-side of the cantilever holder is opposed to the
downward tilted part of the changing tool. The notches in
the glass block must be lined up with the metal tabs on the
changing tool.

Turn the glass block by 90 degrees into position and turn
the two finger grips on the rim of the steel disk in order to
lock the glass block. This is basically the same mechanism
as used to mount the glass block into the AFM head.
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Mount the cantilever chip and clamp it to the glass block as
described below.

Cantilever Note that the polished top and bottom surfaces of the glass block

< Spring must not be scratched! Always use the cantilever mounting tool
groove or put the polished glass surface on a soft lens tissue free of dirt

or dust.

2:?:,?6’ Place the substrate chip of the cantilever onto the inclined part of
the glass block. This has an angle of 10 degrees to ensure that

the tip at the end of the cantilever reaches the surface first.

Alignment marks

The cantilever chip should be placed centrally between the two

grooves, with the cantilever arm over the polished glass part,

close to the inclined edge. The cantilever itself should be in the

centre of the glass block; do not move the cantilever substrate
\/ X X chip too far forwards.

When the cantilever is in the right position, grip the bottom
loops of the spring firmly with a pair of tweezers and
squeeze to lift the front part. Slide the spring into the groove
and release the loops to clamp the cantilever firmly. Do not

touch the optical surfaces with tweezers!

The spring may gradually become weaker and must be

G glassblock replaced occasionally. Several springs are delivered with
C cantilever new instruments, more can be ordered from JPK if they
S spring need replacing or are lost.

The glass block is held in the AFM head with a locking
mechanism. The notches in the glass block must be lined
up with the metal tabs on the AFM head to place the glass
block into the AFM head. The glass block should then be
turned by 90 degrees into position.

Make sure that the cantilever and spring are on the left.
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The glass block can now be locked in position with the two

finger grips on the rim of the steel disk. Using the thumb
m and index finger, turn the knobs slightly to the left and a

small click should be felt as the spring locks.
@ Summary: when the microscope is in its upright position the

cantilever spring must be parallel to the desk. The groove in

the glass block the cantilever spring must be on the left.

4.2.2 Setting up the laser detection system

As the tip of the cantilever is scanned across the sample its motion is detected by a laser beam that must be focused
onto the cantilever. The angle of the reflected beam from the cantilever is detected by a four-segment photodiode. The
reflected laser spot must be in the centre of the detector to give maximum sensitivity for imaging and force control.
The adjustment of the laser beam on the top of the cantilever and on the photodiode must be repeated each time a
new cantilever is mounted in the glass block, since the cantilever will always be in a slightly different position.

Open the SPM software and click the icon on the shortcut bar to open the Laser Alignment window.

B Laser Alignment —IBX | The Laser Alignment window gives a graphical representation of the
pertical d‘*f'e_céf‘i"zv detector signals for the adjustment process. The Sum value is the
total signal from all four quadrants of the detector. If the laser beam
Lateral de;|edian does not fall onto the detector, the Sum will be 0 V and no red spot is
SLLL displayed.
Sum 526 V If the reflected beam reaches the detector, then the position is repre-

sented by the red spot. The actual values of the vertical and lateral

deflection are also given in Volts.

The shortcut icons allow the user to toggle quickly between a large and small view. The maximize icon
enlarges the window, which is convenient for laser alignment during setup. The minimize icon returns the

window to its smallest size for normal operation.

If there are any problems, check that the laser is switched on in the main SPM icon toolbar. If not, toggle
the laser icon. If the laser is on in the software, but the red diode is off on the AFM head, then the laser
safety tilt switch is activated. This switches off the laser when the head is upright to protect the operator.
When the head is placed on the three motor feet, the laser will switch on again.

#[1 [ &
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4.2.3 Adjust the laser beam onto the end of the cantilever

Use the optical microscope or TopViewOptics to view the cantilever with the CCD-camera. The IR laser spot can not
be seen with the human eye, but the CCD camera is sensitive to a wider range of wavelengths.

If an inverted optical microscope is used, a low magnification objective is recommended (e.g. 10x or 20x) to give a large
field of view and make it easier to find the laser spot. Decreasing the illumination can help to find the laser spot, as
scattered light even far from the focus is visible. If the laser spot can not be seen in the optical microscope, check for
any safety or fluorescence filters in the optical path that may be cutting IR wavelengths.

The optical microscope image here shows the laser spot in the field of view, but not yet adjusted onto the cantilever:

Optical path schematic AFM head adjustment Optical microscope image
Prism Laser r ——
Laser
\ Adjustment
Mirror 4
W“
. Laser Adjustment
Detector Cantilever

Screws

The laser position must be moved using the adjustment screws until the beam is directed onto the cantilever. Note: All
four positioning screws have stoppers in each direction. Do not over-wind the screws!

On an optical microscope, the cantilever is viewed from below while the laser beam comes from above. The intensity
of the spot will drop as it is adjusted onto the cantilever, because the cantilever blocks some of the light. Soft contact
mode cantilevers can be quite transparent, and the laser spot may still be seen through the cantilever.

4.2.4 Adjusting the mirror for large changes in deflection

Once the optical image shows that the laser is directed onto the cantilever, the detection system must be adjusted so
that the reflected beam falls onto the centre of the photodiode detector. A mirror can be tilted for coarse adjustment of
the laser path, and positioning screws are used for fine adjustment.

The mirror and detector adjustment should only be made after the optical image of the cantilever shows the laser is
aligned properly. Without proper alignment of the cantilever first, there is no reflection to direct onto the detector
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Optical path schematic AFM head adjustment Optical microscope image

Prism Laser

f— .
‘\

Mirror
Adjustment

4
) Mirror Adjustment
Detector Cantilever Screw

If the laser spot can be seen on the cantilever, but the Sum is close to 0 V, then probably the mirror needs adjusting. A
small change in the mirror angle makes relatively large change in the optical path, so the mirror is only used for coarse
adjustment. Once the Sum is reasonable, the detector positioning screws can be used for fine alignment to maximize
the Sum and center the spot. The two Laser Alignment screenshots here show the situation before and after adjust-

ment of the mirror.

F Laser Alignment B =)= P Laser Alignment —-ax

Vertical Def Vertical Def
-10.11V 7.09V

| I |
Lateral Def Lateral Def
=448 -5.09V

| ||
Sum Sum
0.04 Vv 1.19 vV

I ||

The mirror will not always need readjusting every time a new measurement is made. The mirror helps to correct for the
difference in angle of the optical path when the cantilever is immersed in air or liquid. Adjustments need to be made
when changing from air to liquid operation or back again. Usually the mirror will not have to be readjusted for similar
cantilevers, except on changing from air to liquid.

4.2.5 Adjust the spot onto the centre of the detector

Once there is a reflection from the back of the cantilever onto the photodiode, then the detector must be moved until
the laser beam falls on the centre, using the adjustment screws.

Optical path schematic AFM head adjustment Laser Alignment Window

Detector Prism Laser . T n 7 Laser Alignment

Adjustment ﬁ—-

CH je
| I
Lateral Def
1 -0.01 V
\‘ p N | I
Mirror °§ [ ( ye f”{g v

. Detector Adjustment
Detector Cantilever Screws

Vertical Def
-0.00 V
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The Laser Alignment window in the SPM software shows graphically the signal from the different quadrants of the
detector. Adjust the detector adjustment screws so that the red spot is in the centre of the detector in the Laser
Alignment window. This means that equal intensity is reaching all four quadrants. Note that the spot in the blue re-
gion shows the centre position of the laser beam relative to the four quadrants, not the representative size!

Ef Laser Alignment SH=ES  This is how the Laser Alignment should look like after successful

Vertical Def adjustment:
-0.00 V

Lateral Def
=0,.01 vV ) ) )
1.  Sum is at the maximum value for that cantilever.

Sum
1.19 Vv 2. The red spot is in the middle of the crosshair.

3. Vertical Def and Lateral Def are close to zero.

4.2.6 Setting up in liquid

The NanoWizard® AFM is optimized for performing experiments on samples in a liquid environment. The instrument is
designed to protect sensitive parts of the microscope, but particular care is still needed when working in liquid.

When the bottom face of the glass block and the cantilever are immersed in liquid the optical path of the laser beam
reflected from the tip is changed because of the difference in refractive index between air and the liquid. Therefore you
will need to correct the optical path with the adjustment mirror when you immerse the cantilever in liquid. See Section
4.2.4 for more details.

Tip: When the system was set up for experiments in air and should now be adjusted for liquid, turn the mirror a few
degrees to the right. Turn it to the left when you want to scan in air after an experiment in liquid.

For the NanoWizard®l, the mirror adjustment is on the front of the AFM head in
a relatively deep recess. The screw is marked by a red circle on the image here.
Insert a small screwdriver carefully in the black plastic housing, and turn very
gently. The full turning angle of the screw is only approximately 100 degrees
with stoppers at both ends. Do not over wind the screw!

On the NanoWizard®ll and NanoWizard®3 head the mirror is adjusted using a
screw that looks like the laser and detector positioning screws. This is the cen-
tral screw at the front of the head (marked by a red circle in the image). There
is a release mechanism so that the positioning screw is not permanently in
contact with the mirror, to minimize drift. Push carefully on the finger grip and
turn gently to make contact. It is easy to feel when the mechanism slots into
place and the mirror can be turned. Again, the range of movement is quite
small. Do not force the mirror!.
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Prism Laser
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Adjustable
Photodetector mirror

Cantilever

The mirror helps to correct for the difference in angle of the optical path when
the cantilever is immersed in air or liquid. Adjustments need to be made when
changing from air to liquid operation or back again.

A small change in the mirror angle leads to a relatively large change in the
optical path, so the mirror is only used for coarse adjustment. Once the Sum
is reasonable, the detector positioning screws can be used for fine alignment
to maximize the Sum and center the spot.

See Section 4.2.4 for more details.

The screw movement for the mirror adjustment is very stiff. This is to prevent
drift in the system; turning carefully will move the mirror the small distance

needed.

4.2.7 Troubleshooting alignment problems

Ff Laser Alignment

Vertical Def
-10.11 V

(m]

x

Lateral Def
=448

Sum

|

0.04Vv
I

If there are problems aligning the optical system as described above,
first check that the Sum value is reasonable.
then the optical system is not properly aligned, and Vertical Def and
Lateral Def values are not reliable. The maximum Sum value de-
pends on the type of cantilever — both the shape and whether there
is any metal coating on the back side. Values vary between around
1.5 V for non-coated silicon cantilevers and around 5V for gold-
coated silicon nitride cantilevers.

If Sum is near 0 V,

If the Sum is significantly below 1 V, then there is generally a problem and the system should definitely be readjusted.

4.2.7.1

DAOAD)

Not able to align laser onto cantilever

Check first that the laser beam is correctly aligned on the canti-
lever as in the image here. If it is not possible to move the laser
onto the cantilever, then probably the position of the cantilever
or glass block is wrong.

Check the cantilever position on the glass block: it should be
placed centrally between the two grooves, with the cantilever
arm over the polished glass part, close to the inclined edge, as
shown here. If the cantilever is far forwards or to one side, this
may cause alignment problems. Try repositioning the end of
the cantilever nearer the centre of the glass block.

Make sure the spring and cantilever are on the left as you look
at the AFM head from the front. If they are on the other side,
the optical alignment will not be successful.
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4.2.7.2 Not able to align detector with laser reflection

Sometimes the Sum value is reasonable, but Vertical or Lateral deflection are at the +/- 10 V position. In this case,
turning the detector adjustment screws may not change the value, because they stay at the saturated end position. If
so, watch the Sum in the Laser Alighment window as the adjustment screws are turned. When the detector is mov-
ing in the right direction, the Sum should gradually increase. In the wrong direction, the Sum will decrease. When the
laser spot is fully on the detector, and the Sum value does not increase any further, the Vertical or Lateral deflection
should reach the central 0 V position.

Note - do not over-wind the screws for the detector or laser! If this procedure does not work for Lateral deflection,
then the cantilever is probably damaged. If this procedure does not work for Vertical deflection, first move the detec-
tor positioning screws back to the middle of the range, then adjust the mirror as described below and in Section 4.2.4.

Note also that if the cantilever is damaged or dirty, it may also prevent the reflected laser beam reaching the photodi-
ode. If other changes do not work, try exchanging the cantilever for a new one of the same type. Check also for dirt or
scratches on the surface of the glass block — this can also interfere with the optical path. Focus on the glass block
surface with the top view optics or inverted optical microscope (in this case optical phase contrast can be very useful)
to check for dirt or scratches above the cantilever.

4.2.7.3 Unstable Vertical or Lateral Deflection values

Sometimes the initial alignment seems successful, but afterwards there are problems that the vertical or lateral deflec-
tion values change a lot. In air there may be a systematic change as the cantilever approaches a surface because of
electrostatic effects. This can be corrected by just adjusting the laser again to the centre of the detector.

In liquid there are more complicated problems, because the deflection of the cantilever is sensitive to many environ-
mental effects. If the vertical deflection shows a large jump or sudden large changes, then always check the cantilever
optically first. One common problem is that of air bubbles sticking to the cantilever, particularly if the buffer or medium
contains a high protein concentration (e.g. cell medium with added serum/FCS). In experiments with cells or large
objects, sometimes material from the sample can adsorb to the cantilever, causing a change in deflection.

One specific problem in liquid is when aluminium-coated silicon cantilevers are used. Soft silicon cantilevers can usu-
ally be bought either with or without aluminium coating on the back side. The metal coating is used to increase the
reflected laser signal and is fine for use in air, but it is not stable in liquid. The coating may corrode, or even peel off
the cantilever completely, causing unstable changes in the vertical deflection and sum values. JPK does not recom-
mend using aluminium coated cantilevers for any experiments in liquid. It is important to check the product codes
when ordering silicon cantilevers, since it is possible to order the coated ones without realizing it. Check the back side
of the cantilever (the side that is usually hidden when lying face-up on a gel pack). Both sides of the cantilever should
be the same shiny dark grey color. If one side is a bright silver color, this is usually the aluminium coating and the
cantilever should not be used in liquid.

Silicon nitride cantilevers are almost always supplied with a gold back side coating, because uncoated silicon nitride
cantilevers would have almost no laser reflection. In this case, the gold coating is stable in water-based liquids and
there are no long-term problems with deterioration of the coating. There is, however, an increased temperature and
pH or ionic strength sensitivity. The different surface materials react differently, causing a bending seen in the Vertical
deflection signal. For soft silicon nitride cantilevers, it is important to reduce the variations in temperature and liquid
conditions, especially in contact mode. Sometimes it can help to work in a liquid cell rather than a free droplet, for
instance. In intermittent contact mode the amplitude is not as directly sensitive to these changes as the deflection in
contact mode.
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4.3 Mounting the sample

The most important thing in AFM microscopy is to avoid unwanted movement between the tip and the sample (such as
vibration, drift or other movements due to unstable mounting of the sample). Therefore the sample must be properly

mounted in order to reduce vibrations and drift.

4.3.1 Life Science stage

T I
L 10

The positioning screws A move the AFM
head. The three foot positions are marked in
red. The combination of a point, a line and a flat
surface ensures reliable positioning, so that the
head will always fit stably into the same position.
Always ensure that the feet slot firmly into posi-
tion.

The positioning screws B move the sample
holder. The sample is mounted on the inner
sample holder D. The arms of C are moved by
the positioning screws and push the inner sample
holder.

The positioning arms do not grip the sample
holder tightly. There is a small gap between
the arms and the centre part. The gap is
shown here exaggerated, to make it clear how
the sample is pushed by the positioning arms.

When the sample is in the correct position, the sample holder must be released
by turning the positioning screws BACK one quarter turn. In the life science ver-

sion, one notes that the sample does not move during this de-coupling. The sam-
ple holder is then free from contact with the positioning arms, as shown here, but
still held firmly by the magnetic contacts underneath.

The release mechanism is very important for high resolution imaging to
remove the mechanical coupling between the sample and holder.

The standard sample holder fits biological standard samples such as petri dishes (50 mm diameter, height below 10
mm) and microscope slides, as well as custom made fluid cells. Special sample holders are available from JPK, such
as the BioCell and CoverslipHolder, which offer advanced performance such as temperature control, perfusion etc.
Sample preparation information, including different suitable petri dishes, is given in the JPK AFM Handbook.
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4.3.2 Standard stage

- ~ The positioning screws A move the AFM head. The three foot posi-
© r‘gi tions are marked in red, and are very similar to the Life Science stage.

. The point, a line and flat surface ensures reliable positioning, so that the
head will always fit stably into the same position. Always ensure that
the feet slot firmly into position.

The sample position is fixed. The central magnet can be used to hold
samples mounted on standard holders such as magnetic steel stubs.
Standard sizes are 12 mm diameter, 0.9 mm thickness. For imaging in
air (where there is less drag from the head movement) samples can also
be prepared on normal glass microscope slides. For imaging in liquid, a
more firm mount is required, such as the magnetic attachment.

4.4 Selection of feedback mode

The feedback mode defines which signal is used for the main control of the Z position during imaging or other types of
measurement. The aim is usually to control the force, or keep it constant during imaging for example. The simplest
type of feedback mode is contact mode, where the direct bending of the cantilever is used as the feedback signal. In
this case, the Vertical Deflection value is used as the feedback channel.

The other main group of feedback modes all use some kind of cantilever oscillation, where the resonance properties of
the cantilever are used for the feedback signal. The feedback channel could for instance be Amplitude, Phase, Fre-
quency, or some combination of different feedback loops can be used.

For the NanoWizard®l and II, the standard version of this type of mode is called Intermittent Contact mode.

For the NanoWizard®3, the simplest version of this type of mode is called AC mode. There are many more options for
the NanoWIzard®3 feedback modes.

4.4.1 Contact Mode

- To image in contact mode, first attach a contact mode (soft) cantilever to the glass
block and align the laser beam as described above. Contact mode is the default feed-
back mode when the SPM program is launched.

Contact mode

4.4.2 AC Mode

Contact Mode - To perform experiments in intermittent contact mode (AC mode) the correct option
should be selected from the feedback mode list in the shortcut bar.

AC Mode
Force Modulation Mode
Cantilever Choose:

e AC Mode for oscillating the cantilever in air. A non-contact cantilever is usually used in this case (generally
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a stiff cantilever, with a high resonant frequency, 200-400kHz).

e AC Mode for oscillating the cantilever in water or other fluid. Triangular silicon nitride cantilevers with a
spring constant around 0.3 N/m are suitable for this type of application.

For more information on intermittent contact mode (AC mode) and cantilever choice see the JPK AFM Handbook. The
resonance of the cantilever must be found, and the drive amplitude set before an appropriate setpoint can be chosen

for imaging.
iy Make sure that the cantilever is retracted from the sample, and click the Tune icon to open the AC Feed-
*F back Mode Wizard window.
The default values for Start Frequency and End Fre-
ER[ENERER (o] &8] (=] 1I)[FE] quency are set differently for intermittent contact mode in

ol 1 air or fluid. In air, the default range is 0 - 400kHz (max.
g osf o freq. 2 MHz), and in fluid it is 0 - 50kHz. The frequency
% Zj;: .. g range can be set by entering values in the text boxes at
x o 22 g the top of the window.

il - — - — - = The user has the choice between Manual or Automatic
o F e tuning, which is selected using the tabs in the middle of
e }: as :Jt: the window. The buttons in the lower part of the window
Endfreq. |v 50.0] & e control the display of the frequency curves and the selec-
i .Lvom : A‘ds.g\ tion of the drive frequency and setpoint.

Target Amgl, ‘ i|v
[] DirectDrive
Step 1072 & [ ®nme | [concel |

Automatic cantilever tuning:

For Automatic cantilever tuning, the values of the drive and gains are chosen by the software to try and achieve the

Target Amplitude that is set.

Setup AC Feedback Mode
RN R E (a)®m] [« ] 2] =]

Lock-in amplitude (mV)

0 20 40 60 80 100 120 140 160 180 200

Frequency (kHz)
Drive Ampl, | ¥ 0.085[ a v
Drive Freq. | ¥ 70.653 & fkHz
Start Freq. | ¥ 0.0] = knz
Endfreq. | ¥ 200.0] & kz
Phase Shift | ¥ 0 & |deg

Lockin Low,..| 30kHz

Manual JAltomatic

ol [v] 5ol

[Fon [ =]

[1[pirectDrive]

Step 1o 2 <@ [ ®wer | [ cancel

Select a value of the Target amplitude (default is 1 V).

Lud]

Click the infinity symbol to run continuously (re-

peatedly perform sweep curves). Click Full Range Y for a

spectrum overview.

Red curve: frequency. Blue curve: phase.
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fll AC Feedback Mode Wizard o

Setup AC Feedback Mode with DirectDrive

G dsds]

12 40

(62p) sseyd u-pol

00 Lt L L L L L T 160
2815 282.0 2825 283.0 284.0 2845 285.0 2855

2835
Frequency (kHz)

Drive Ampl. 0127

100.0

a
Drive Freq. a
281.412| & |kz
a
a

Start Freq.

4| 4] 4]«

265.626
Phase shift | ¥ B
Lockin Low...[30kHz -
N e |

Target Ampl, T\v

[un [ =]

End Freg,

Step 1of2

[ ®Net | [ cancel |

i AC Feedback Mode Wizard o

Setup QControl for AC Feedback Mode
[] Setup Q Control

[@rredos [ _rosn ] [conghl |

Step 2 of 2

Manual cantilever tuning:

Click Select frequency range to zoom in around the reso-
nance peak. Click on the left of the peak and drag the cursor
to the right of the peak to define the range to display.

Typical resonance frequencies:
Siiff silicon cantilevers (in air) 100 — 400 kHz,
Soft silicon or silicon nitride cantilevers (in liquid) 1 — 50 kHz

Follow the step Frequency and setpoint selection de-
scribed below. (Section 4.4.2.1)

To finish the Cantilever tuning click on the “Next” button.

In the next step it is possible to setup Q control. This is not
necessary in the normal AC mode. Therefore click “Finish”
to save the Frequency and setpoint selection.

For Manual cantilever tuning, the user sets their own values of the drive amplitude and gains. The frequency range
should be set as above (the default values are the same as for Automatic tuning).
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i AC Feedback Mode Wizard
Setup AC Feedback Mode

Lo Jlm Jls ][ 5]

1.0
0.9
0.8

Dsﬂ/\_,\

0.7
0.6

#|
&
=
I
G

4200

Lock-in amplitucie (V)

04|V \j
03 F
02 f
01f
0.0

(63p) @Sy LI-pET

0 50 100 150 200
Fraquency (kHz)

Drive Ampl. | ¥ 6.023| & v

Drive Freq. | ¥ 100,04 |kHz
Start Freq. | ¥ 0.0| & |kHz
Endfreq. | ¥ 400,0| & |kHz
Phase shift | ¥ 0| & |deg

Lockin Low...[30kHz

250

Obrecorivd~—_ _—
Step 1of 2 [ & Nex [ cancel |
@l AC Feedback Mode Wizard o

Setup AC Feedback Mode
B ENEI
40
35
30f
2
20

15 |

Lock-in amplitude (V)

10|

05 |

(e B] (=] I]=]

+150

(63p) sseyd U307

0.0k

81 82 8

78 3
Frequency (kHz)
Drive Ampl. | ¥ 6.023] & v
Drive Freq. | ¥ 100.0] & |ctz
Start Freq. | ¥ 77.948| & |z
Endfreq. |¥ 87.501 | & |z
Phase shift | ¥ 50| & deg

Lockin Low...|30kHz

Manual | Automatic

Gain [ain 1

84

Max, Ampl, 11.08Vv
(Fun [ =]
DirectDrive]
| & Next Hcan:el
4.4.21 Frequency and setpoint selection
R ) s +---
| i | | & | | i

Enter a Drive Amplitude value. In fluid a higher drive am-
plitude is required because of the extra damping from the
water or other liquid.

Select the Gain for the expected range of amplitude:
e.g. select Gain 1 for lock-in amplitudes up to 11 V,

select Gain 4 for lock-in amplitudes up to 200 mV.

™ Click the infinity symbol to run continuously — the
instrument will repeatedly perform sweep curves, while the
values can be adjusted.

The display of the frequency curve is as above for automatic
tuning. Again, click Full Range Y for a spectrum overview
and click and drag using Select frequency range to zoom
into the resonance peak.

Adjust the value of the Drive Amplitude get a good signal
to noise ratio of 6:1 or better for the cantilever resonance
peak.

| The frequency and setpoint selection buttons enable the selection of the

Lock-in

Lock-in phase

drive frequency and setpoint for imaging using the mouse.

Click inside the amplitude/frequency plot area to get a cross hair of black dotted
lines. Holding the mouse button down, move the cross hair to choose a suitable
frequency and setpoint, as in the example shown here.

The Drive Frequency is usually chosen on the left upper rising edge of the peak.
The value of the Setpoint must be lower than the chosen lock-in-amplitude in the
Cantilever Tuning window. The setpoint is usually chosen around 70 — 80 % of the
lock-in amplitude at that frequency, although the actual numbers depend on the
sample and conditions.
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i

setpoint

If the setpoint is set too low, as in the example here, the cantilever imaging forces
may be too high and damage the sample or the tip. In liquid, however, the free
amplitude may decrease between the retracted position where the cantilever tuning
is performed, and the surface. In this case, a lower value of the setpoint will be
required to reach the surface. It is safer to start with a higher value and then re-
duce it if necessary, rather than risk damaging the tip or sample.

4422 Oscillation amplitude and resonance curves

It is important to have a good signal-to-noise ratio. This means that the resonance curve must be well-shaped and its
peak must be high enough above the background noise. Signal-to-noise at about 6:1 or better is reasonable. The sig-
nal-to-noise ratio can be improved by increasing the drive amplitude, but do not increase it too much. Try to keep the
peak of the resonance curve below 2 V lock-in amplitude.

100
180
160

40

Lock-in amplitude (mv)
(Bap) aseyd ui-3po7
Lock-in amplitude {mv}
() 3seyd ui-po]

; ; ; ; ; | 9 O T T T N N
3000 3005 3010 3015 3020 3025 125 0125 5126 0126 5127 0127 5125 0128 5128 0129 513
Frequency (kHz) Frequency (kHz)

=

Well-shaped resonance curve, good signal-to-noise ratio. Critical signal-to-noise ratio (approx. 4:1)

450

400+

Possible reasons for badly shaped resonance curves:

e Contamination of the tip with adsorbed dirt

(A) 3seYd U-3pon

e Cantilever or tip physically damaged

Lock-in amplitude (mv)

e Chip of the cantilever not tightly fixed to the glass
block

+ + + + + +
492 493 494 495 486 437 498

Frequency (kHz) e The tip is making contact with the sample during the

cantilever tuning
Badly-shaped resonance curve.

4.4.3 Using intermittent contact mode in liquid

Load an appropriate cantilever (spring constant around 0.3 N/m, often a silicon nitride triangular cantilever, see our
User Handbook for more details) and use the steps above to align the laser detection path. For optimal conditions, the
oscillation of the cantilever should be adjusted when the tip is relatively close to the surface. Therefore we recommend
approaching the surface in contact mode, then going to piezo retracted mode by clicking the retract icon only once, to
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set up the parameters for the intermittent contact mode imaging close to the surface.

—_

Start with Contact mode as the feedback mode.
Approach until the cantilever is in contact with the sample.
Click Retract once to put the instrument in piezo retracted mode (indicated in the system status panel)

Change to Intermittent contact mode (liquid) as the imaging mode.

o > 0D

Perform a sweep curve in the Cantilever Tuning window, as described previously for AC mode in air. The
resonant frequency of the cantilever will be much lower in liquid, because water is moved with the cantilever.

6. Approach again, to image as normal in intermittent contact mode.
Resonance frequency values of about 8 - 12 kHz are typical for the silicon nitride probes around 100 um long, with
spring constant around 0.3 N/m. The resonance frequency of the cantilever depends on several parameters, including:
e The total amount of fluid and the depth of the cantilever in the liquid
e The properties of the cantilever itself
e The geometry of the vessel/fluid cell

e  The viscosity of the liquid

If the cantilever tuning is performed far from the surface, the resonance frequency may have moved significantly by the
time the cantilever reaches the surface. Therefore the setpoint may need to be much lower than expected to reach the
surface. If the cantilever tuning has been performed far from the surface, then it is recommended to retract using the
piezo only, by clicking the retract button once, as described above to re-tune the cantilever near the surface.

It can be helpful to compare the tuning frequency peaks with the natural frequency response of the cantilever. This
can be done by looking at the thermal noise spectrum. See Section 7.3 for more information. For a simple frequency
comparison, the sensitivity measurement is not necessary, and a typical value can just be entered in the text field
without making the force spectroscopy measurements first.

4.4.4 Force modulation mode

Contact Mode «| In the graphical user interface Force modulation mode can be found in the drop-
AC Mode down menu with contact and AC mode. Force modulation mode is something of a
Contact Made mixture between contact mode and intermittent contact mode and can be thought of as

a kind of contact mode with an added vibration of the cantilever.

See Section 5.7 for more details. The cantilever tuning for Force Modulation mode is similar to the normal tuning pro-
cedure for AC mode. For imaging, the setpoint value is the average vertical deflection, and the feedback control is
therefore similar to contact mode. The oscillation of the cantilever provides extra amplitude and phase channels to
observe differences in mechanical properties of the sample.

4.5 Approaching
4.5.1 Coarse approach

The whole NanoWizard AFM head can be raised or lowered using the three stepper motors, which allows a wide range
of sample heights to be measured. The automatic approach routine can take a long time if the cantilever is far from the
sample surface, so usually the distance is initially reduced using the stepper motors. This fast correction is generally
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known as the coarse approach, since there is no check on the cantilever signal. This can also be useful to move the
cantilever into the range of the optical microscope objective in order to see the cantilever and laser spot for alignment.

Lo

The motor icon in the shortcut menu bar opens the Stepper Motor window.

& Stepper Motor /_ BB | The coarse step size can be set in the Step-
B Position: 99,099 pm ‘ / & \ ‘ per Motor window.The Up arrow moves the
._I" Coarse Step Size 500.00 pm head and cantilever away from the sample,
T Motora 117ym 2 || ¥ and the Down arrow moves the head and
Motors: 7alym | 4 ¥ cantilever towards the sample.
A C Motor C: 118 um | Z'N | L 4 Zero counters

Warning: If in doubt about the tip-sample separation, start with relatively small step sizes. During the coarse approach,
watch the movement of the glass block towards the sample.

Do not crash the glass block and cantilever into the sample!

The motors can also be moved independently (see Section 5.3 for details), to remove any overall tilt between the

sample and the AFM head.

4.5.2 Automatic approach

The automatic approach makes small steps, and checks at each step to see if the sample surface is within range.

'H Laser Alignment =]=]E)
Vertical deflection
-0.12 V
Lateral deflection
-0.06 V
Sum
2.26 V
=i
Feedback Control -
IGain | 150.0| & |Hz
PGain v 0.005| & |
Setpoint B 1.000| & |v

Before trying to approach, make sure that the laser is properly aligned on
the cantilever and photodetector, as described in Section 4.2. The Sum
signal should be around 1V or above, and the Lateral and Vertical Deflec-
tion should be near 0V.

The correct imaging mode should be selected on the shortcut bar at the top
of the window.

A suitable setpoint value should be set in the Feedback Control panel. In
modes using an oscillating cantilever, this is chosen using the Cantilever
Tuning window, as described in Section 4.4.2. In Contact mode, a value
should be chosen depending on the vertical deflection on the photodiode
and the spring constant of the cantilever. A value of around 1V should be
reasonable for a soft cantilever, if the vertical deflection is around 0V.

Note that in oscillating modes where amplitude is used as the feedback channel, a lower setpoint value means a high-
er imaging force, while in contact mode, a lower setpoint value means a lower imaging force!

¥

Click the Approach button in the icon bar to start the approach routine,
and you should hear the stepper motors move the NanoWizard head.
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Z Range ¢

0 um 15,000 pm

15 um

Extended

Approach Parameters
Approach Type

(=) |Approach with feedback on|

() Approach with constant velocity

Retracted

Baseline Adjust

(3) Mo baseline adjust

(_) Baseline update at start
() Dynamic baseline update

Averaging time b

Current baseline:

| zero || Reset |

Approach Parameters

15ain | v 50.0| a |Hz
PGain |+ 0.001 | & |
Target Height | b 7.5| & |Hm
Timeout | v 1.0| a |s
Approach Parameters =
Approach Type

() Approach with feedback on

(@ [approach with constant velocity]

Baseline Adjust

) No baseline adjust

(0 Baseline update at start

(3) Dynamic baseline update

Current baseline: 0.000 v

| zero || Reset |

Approach Parameters

Velocity ‘ v 15(a ||_lm,rg
Target Height ‘ v 75| a ||.lm

During the approach, the z-piezo extension and retraction can be observed
with the Z Range display on the left. The position of the red line should
oscillate from right to left as it checks for the sample surface at each step.

If the red line does not cover the full range of the piezo, then the approach
will probably be unsuccessful!

The Approach Parameters window is displayed during the motion. Choos-
ing Setup — Approach Parameter from the main pull-down menu allows
you to open the Approach Parameter window as well. There are two ap-
proach types: Approach with feedback on and Approach with constant
velocity. Both approach types are using the same approach routine, but
there are different ways in adjusting the approach. The approach gains and
the approach velocity can be altered during the approach.

The gains must be adjusted in case that Approach with feedback on is
selected as Approach type. To make a slower approach (for instance to
approach more carefully on a delicate sample or with an extra-sharp canti-
lever), reduce the gains in the approach window. This can also help if the
feedback rings during the approach. Alternatively, reduce the setpoint
force (decrease the setpoint in contact mode, or increase it in amplitude
mode). To make a faster approach, the gains in the approach window can
be increased. Alternatively, the setpoint force can be increased (increase
the setpoint in contact mode, or decrease it in intermittent contact mode).

Note that the gains only affect the approach.Change the values in the
Feedback Control panel to adjust the gains used for scanning and waiting
on the surface.

The velocity must be adjusted in case that Approach with constant ve-
locity is used. In this approach type it is possible to make very sensitive
approach to protect the cantilever.

The Approach Target Height sets the z-piezo height on the surface at the
end of the approach. The default puts the piezo in the middle of the current
z-range, to give maximum piezo range above and below the starting value.
Approaching onto glass beside a cell, for example, the Target Height
should be set around 2-3 microns, to give maximum range above the glass
for the cell.

There is also an option in the Approach Parameters to approach using a variable setpoint using the Baseline Adjust

— please see Section 4.5.4.

To confirm a successful approach, check the following settings:

O laser
@ approached

NanoWizard = @

The blue approached LED should be illuminated on the front plate of the
AFM head.
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Z Range The software panel Z Range should show the red bar in the centre, as
0 pm 7,758 pum 15 um . . .

| I | shown here (or at the Target Height set in the Approach Parameter win-
Extended Retracted dow if thatis different).

System Status The System Status panel at the bottom left hand corner of the software
sum 5,13V will show the Status as Idle. This means it is waiting at the surface and
Lateral Def 2,61 W ready to start a measurement.

Wertical Def -1.221V
Status

Idle

Sometimes the blue light is illuminated on the front plate of the AFM head but for some physical reason the cantilever
is not in real contact with the surface. If the Z-Range shows the red bar at the ends of the range (i.e. 15 microns, fully
retracted, or 0 microns, fully extended), the approach has been unsuccessful. Sometimes the routine may find the
surface if Approach again is clicked, but sometimes the value of the setpoint must be adjusted to reach the surface.

There are two common problems approaching, which many occurs in Approach with feedback on:

1.

The feedback is too sensitive, causing oscillations in the vertical deflection, and possibly an audible ringing
tone. In this case, follow the instructions to make a slower, careful approach. Decrease the approach gains
(especially Approach IGain) and/or reduce the setpoint force (decrease the setpoint in contact mode, or in-
crease it in intermittent contact mode). If it is impossible to get a stable approach where the red bar covers
the whole z-piezo, sometimes it is helpful to reduce the z-range slightly, for instance to 5.85 or 12 microns.

The feedback is too slow, meaning that the approach routine is not searching the full z-range. This can lead
to an over-slow approach, to false/unsuccessful approaches, or to the head moving too far away from the
sample. Increase the approach gains (especially Approach IGain) and/or increase the setpoint force (in-
crease the setpoint in contact mode, or decrease it in intermittent contact mode).Furthermore the Timeout has
to be increased.

4.5.3 Retracting the tip from the sample

RUH Run is used to start and stop most measurements. If Run is clicked again during a

measurement, it will stop the measurement at a convenient point (e.g. at the end of a

scan line or on completion of a force curve). The cantilever tip will remain approached
on the surface, at the starting point of the scan.

@ The Retract button can be used to retract the tip from the surface, and also to interrupt

a scan as a kind of emergency stop. The measurement is stopped almost immediately,

and the tip is pulled back to the fully retracted position.

ﬁ Clicking the Retract button once retracts the cantilever from the sample using only the

z-piezo. If Approach is clicked again, the cantilever will return to exactly the same

position, because there is no mechanical movement. This is good for changing settings
between scans or measurements. The actual distance from the sample depends on the
z-range and the position of the sample, but it is not usually enough of a safety distance
for any mechanical movement, for instance to lift up the AFM head.
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@ | @

System Status
Sum 313V

Lateral Def 261V
Vertical Def -1.221 W
Status Idle

Clicking the Retract button again (second and subsequent clicks) means the cantilever
is retracted from the sample using the stepper motors. The distance is the amount set
in the Stepper Motor window. After a motor retract, the cantilever will not return to
exactly the same sample location (typically within a couple of microns). Moving the
cantilever further away from the sample is good for adjusting the sample position (e.g.
retracting 20 — 50 pum), or lifting up the AFM head (e.g. retracting 300 — 500 pum).

The System Status panel at the bottom left hand corner of the software has an entry
that shows the Status of the system. Here are the main options that will be shown
between measurements:

e Idle means it is waiting at the surface (approached) and ready to start a
measurement.

¢ Piezo Retracted means there has only been one retract from the surface, and
the motors have not been moved

e Scanner Retracted means that the retract button has been clicked more than
once, and the motors have been moved.

"Advanced System Status

(=/@X | In addition to the System Status, the Advanced System Status win-

Status Scanner Retracted

Sum 227V
ertical Def 0.843 W
Lateral Def -0.63W

User mueller
Saving on
Filename Jhomefmuellerfjpkdata/D0force. ..

Force scan 0of 1

0 of 20s

dow displays the Sum, Vertical and Lateral Deflection of the photodiode.

The Advanced System Status window can be opened under the Ad-
vanced pull down menu.

4.5.4 Advanced approach using Baseline adjust

For users who wish to have a more sensitive approach in some feedback modes, there is a special feature available in
the software for approaching with a variable setpoint.

Feedback Control o In the standard approach routine, the Setpoint value in the main Feed-
IGain ‘ .../ 150.0| a ‘HZ back Control is used directly as the desired value for the adjustment of the
FGain ‘ v 0.005| & ‘ feedback system.

Setpoint B 1.000| & v

The setpoint is an absolute value that remains constant for the whole approach. The setpoint is often chosen far from
the surface, however, and as the tip approaches the forces between the tip and sample change the response of the
cantilever. The standard routine does not take account of these changes, and only looks for the point where the abso-
lute value of the feedback channel reaches the Setpoint value.

Example for contact mode:

If the Vertical deflection on the photodiode at some point was -0.52 V, and the Setpoint in the Feedback Control
panel was 1.0 V, then the effective setpoint (the difference between the initial deflection and the final setpoint) would

actually be 1.52 V.
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In the advanced approach using the Baseline Adjust, it is possible to perform the approach with a relative setpoint

instead of a fixed one.

Approach Parameters =

Approach Type

(=) approach with feedback on)
() Approach with copstant velocity

Dﬂ‘ﬁine Adjust

(3) Mo baseline adjust
() Baseline update at start
(O Dynamic baseline update

Current baseline: 0.000 v

| Zero || Reset ‘

Approach Parameters

1Gain [+ 50.0] & |z
PGain [+ 0.001 | & |
Target Height | v 7.5| a ‘pm
Timeout | b 1.0| a ‘s

The Baseline Adjust within the Approach Parameters window allows choos-
ing different advanced approaches. The options are: no baseline adjustment,
baseline update at start and dynamic baseline update.

When Baseline update at start or Dynamic baseline update is active in the
Approach Parameters window, then the number in the Setpoint text field is
used as the difference between the offset value of the feedback channel (cur-
rent baseline), and the actual setpoint used for the approach. The Approach
Baseline update at start is adjusted after each motor step to the current val-
ue of the feedback channel. The value s also updated whenever Reset is
clicked. In Dynamic baseline update it is possible to set an averaging time
that adjusts the current value of the feedback channel.

In this case, the setpoint is varied during the approach. In the user interface, the Setpoint value stays constant, and
the Approach Baseline value is updated to take account of the changes. The actual value of the feedback channel
being used as the current setpoint can be calculated by adding the Approach Baseline number to the Setpoint.

Example for contact mode:

If the Vertical deflection on the photodiode far from the sample was -0.52 V, for example, and the Setpoint in the
Feedback Control panel was 1.0 V, then the feedback routine would seek to achieve a difference (relative setpoint) of
1V between the actual deflection and the Approach Baseline value (here automatically initialized to —0.52 V), and
start the approach with a “real deflection” setpoint of 0.48 V.

4.6 Environmental control for experiments

4.6.1

Accessories

Temperature control and data saving

Many different temperature control accessories are available from JPK,

[ CCD Camera
DirectOverlay Optical Calibration
& Import Optical Image
H= Pump Control
® FluidicsModule
Temperature Controllers

Voltage Output Settings

2= ExperimentPlanner

which can be used to heat or cool the sample region. The details of these
accessories are covered in their separated manuals.

There is a general interface for controlling the temperature from the SPM
software. The list of installed Temperature Controllers is found in the Ac-
cessories menu. When the temperature controller is opened, the tempera-
ture is displayed and controlled from the SPM software. The temperature
data can also be saved during the course of an experiment.
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Saving Settings

ox

[]|Use one folder for all data types |/hﬂmefrachewpkdataf

H Browse ]

[‘Image Scans | Real Time Scans | Force Scans | Force Scan Maps | Te

Select temperature controller: [E\uCeII temperature controller

mperature data |

Filename root: |temperature

DataSave

Folder: homefrachelf]pkdataf” Browse

Control

Sample

Setpoint

Height

Height (measured)
Vertical deflection
Lateral deflection

Auxiliary channel 1
Auxiliary channel 3
Error signal

Time

Temperature sensors

Extra channels to save alongside temperature

ROOOOOoOOoo

Advanced

IPK SPM Jython Console
2 Real Time Scan

Logging Settings

Advanced System Status

4.6.2 Pump control for syringe

pumps

The Temperature data tab in the Saving
Settings panel provides the settings for
the temperature saving.

The saving data usually includes the Con-
trol and Sample temperatures, but other
channels can also be saved.

The values of all the selected channels are
saved every time a new temperature value
is sent from the controller. Therefore, if the
temperature is very stable, the values may
only be saved occasionally.

The temperature is usually a direct control, so that the value entered in the panel is
immediately used by the temperature device.

It is also possible to vary the temperature over time in a controlled way using
scripts. These can be used for instance to run a temperature ramp over minutes or
overnight.

Many different liquid cell accessories are available from JPK, most can be used with perfusion either by hand or using
a syringe pump. Often it is convenient to control the syringe pump directly from the SPM software. This is possible for
several supported models, such as the KD Scientific Model 200 Series, as well as various models from WPI.

[ CCD Camera
DirectOverlay Optical Calibration
=3
Pump Control
B Fluidics
Temperature Controllers

Voltage Output Settings
3=

=

ExperimentPlanner

= Pump control

The interface for controlling syringe pumps can be opened in the Accesso-

ries menu. The pump must first
computer (serial connection).

=

4
Start all

Stop all

be connected to the power and to the SPM

Before the pumps can be controlled,
the communication must be set up.

Use Configure pumps at the begin-
ning to configure the hardware set-
tings for control.

Configure pumps “ Preferences ]
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&4 Configure PUumps
Active Syringe-pumps

KD Scientific - Model 200 Series
Mame: Syringe 2
Address[ﬂ -

RS232 (/dev/ttyS1)

Baud Rate 19200 ~| auto

Status: Connection failed!

[ Check connection [ Remove pump

Add syringe pump
[KD Scientific - Model 200 Series

v[Rszaz (/devittys1) vl Ade Refresh ]

Close

Active Syringe-pumps

KD Scientific - Model 200 Series
MName: Syringe 2

Addresslu A

RS232 (/dev/ttys1)
Eaud Ratell 9200

VI auto

Status: Connection failed!

[ Check connection I Remowe pump

= syringe pump Lest falled

E The Pump wilh aduress 00 dic nol & iswer

Info: Address and baud-ste car be configured using the menu on tke pump
Each pump needs a ditterent address: using the address 0 is discouraged.

Suggested va ues are:
For WPl-pumps: baddrate: 19200 address: 1-3
For KN-pumps baud-ate: 9800, address: 1-3

Flease also checs waether you selzctzd zFe rght serial port.

Configure Pumps
Active Syringe-pumps

KD Scientific - Model 200 Series
Mame: Syringe 2
Address[l hd

RS232 (/dev/ttyS0)

Baud Rate 9600 ~| auto

Status: Connection successful

[ Check connection [ Remove pump

Add syringe pump
[ -- Select a syringe pump type -

'[ -- Select a connection — '[ Add [ Refresh ]

= Pump control =) (=) 2
Syringe 2 Syringe 3
0,000 | |eft 0,000 | |eft @
0,000 L’nl.."min ER#OR Start all
ERREIERE ERREIERE
v | 440.2| & jpymin| | ¥ | | & Jptrmin
inject | linject '] Stop all
Show details ] I Couple pumps “ Configure pumps J[ Preferences ]

Select the model to be used from the
list. under Add syringe pump.

Select the serial port in the next com-
bo box, from the list of available
ports. Click Add to try the connec-
tion. A new syringe pump will be
added in the Active Syringe Pumps
section, even if the settings are not
yet correct.

Check connection can be used to
try the settings, or auto to try some
default settings. Some of the com-
munication settings should be first
read from the syringe pump itself,
such as the Baud Rate and Address
(see the manufacturer's manual for
details).

If the connection fails, the information
about default settings can be helpful.
The information here only covers
general cases, as it is possible to
change parameters such as the
Baud Rate on the syringe pump
itself. The settings for the pump and
SPM software have to be identical
before the communication can be
successful.

In general, try combinations of serial
port (/dev/ttySO, S1, S2), Address
and Baud Rate until Connection
successful is shown. Additional
pumps can also be added.

Once the configuration has been set,
the information will be saved for the
next time the SPM software is used.

The configured pumps will now be
shown in the Pump Control section.

All the pumps can be controlled with
Start all and Stop all. Individual
pumps are controlled with their button
bar

(@] e[@]» ]

52 NanoWizard® AFM User Manual

Version 4.2



Properties of the pump "Syringe 2"

Clicking on a pump in the list will
select it and it is shown with a green
border. The toggle button Show
details and Hide details shows the
full list of settings for the currently
selected pump.

The Standard flow rate and Fast

Name |Syringe 2 |
Standard flow rate ’ b ] 440.2[ a ]plfmin
Fast flow rate (¥] 2.179] & |mifmin
Pump mode: (3) continuous
(O wvolume to pump = ¥ a
(Ctime to pump v a
Status: continuous
Selected syringe:
Air-Tite Inc® - 1 ml - Plastic v ] [ Add new syringe type ]
Diameter: 4,700 mm Total volume: 1,000 ml
Currently filled volume:  # 0.0 [ Y ]pl l Restore last ]

[~ [s000[a s

[¥] Warn before syringe is running empty

flow rate are the speeds used for the
single and double arrows in the but-
ton bar.

The Selected syringe settings are

= Pump control

used for the conversion from distance
to volume. Custom settings are
saved.

If more than one pump is installed,

Syringe 2 Syringe 3 then the option Couple pumps can
0.000 et 0.000 1 left be used to start and stop flow from all
0.000 Lnl,fmin ER#OR Start all . .
@ l p l o l » l % @ I pe l o l ® l ™y the pumps simultaneously. This is
v 440.2] & Jmin|  [+] [ & Jumin useful for push-pull systems, where
inject «| |inject - Stop all the same volume should be injected
with one pump and withdrawn using
Show details ] I Couple pumps “ Configure pumps J[ Preferences ] another pump. The pump speeds are
adjusted so that the total volume is

constant.
iElRnr plcontiolipreferences ® The Preferences settings are inter-
Sltefpiter e il e ¥ 60.00] 4 Juimin face controls that are used for all the

Timebase for displaying flow rates pumps.

=] configuration - Kile’ Srowser;

Fle Edt wiew Go Beokmarks Help

@ &

Dack Us

Ilome

=

Computer

@

Search

2]
=3
Reload

=

purmps properties

v

S, 100% & ‘Viawas lcons C‘

B

sprrgui-user.
properties

|§| ‘Z| @ rachel H ipkdata chnﬁgurationJ

=] =]

ipgui-userproperties  ipgui-ucerframe

properties
sprgui-user-frame

syringes.properties
proparties

S items, Free space: 337.4 GB

The settings for the pump control are
saved in

/home/user/jpkdata/configuration,
along with the general display set-
tings for SPM and IP. The connec-
tion and syringe settings are remem-
bered as long as these files are not
deleted or overwritten by a new soft-
ware installation.

4.6.3 Pump control for Aladdin pumps

For Aladdin pumps the configuration has to perform manually using the pump display (see WPI manual instructions).
WPI supports a dual pumps control cable to run the pumps manually. Please remove the dual pump cable to support

the pumps with the JPK pump control software.
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w Pump Control

Syringe 1
P e
( 0.000 | left )

wlealr [»

st
Start all

v ] [ a lplfmin @
inject 3 Stop all
Hide details ] I Preferences
Properties of the pump "Syringe 1"
Name |Syringe 1 |
Serial number < 232647 >
Standard flow rate [ v | 20.0[ & ]plfmin
Fast flow rate (+] 100.0| & |yiimin
RS-232 Units ~ Volume Dispensed Pumping Direction  Motor
Indicator Indicators Indlcator\ Indicator Operating
oo\ /
Fs |
ninKInEn 'Om"‘ I O Dispensed /
— L lem " Omin | /
l_‘.|_‘ . | .|_ {OuL  ©hr | OWithdraw ©Pumping

|___________

-Rate
E m Prcgram

F'I‘Iase # Fun::tlon

-

Start

Program Direction Functions

Pumping Direction Key

Aladdin syringe pump is connected
with the PC. Therefore, the serial
number is displayed (blue circles).

However, in that example the
syringe window displayed a com-
munication ERROR (red circle).

For error-fixing hold the DIAME-
TER/SETUP button (1) for 3-4
seconds:

In that case the first parameter “PF” is displayed. After 2 seconds the next parameter will be visible.

Standard setting:

PF: Power failure mode 0
AL: Alarm mode 0
TTL : display TTL external TTL
bB: keypad lockout 0
Ad: RS-232 pump network address 01,
If Ad: is displayed next value is baud rate 1920
RS-232 Units Volume Dispensed  Pumping Direction  Motor
Indicator Indicators lnd\cator\ Indicator Operating
A -— [
IREIEEN 'Omm L O Dispensed i
‘ !l loml "Cmin | /
L : N lopl  @nr | ©Withdraw ©Pumping

ram
Function 3

Program Direction Functions

Pumping Direction Key

it is important to set the address on 01.

If the pump network address is
not activated via Addr (or Ad:..)
it can be that dUAL or rECP is
displayed instead of Addr (or
Ad:01).
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In that case click on DIAMETER (1), and if the Parameter rECP or dUAL is displayed than activate the very left
button (2, green circle) until Addr is visible. After 2 seconds the Addr will be switch to Ad:00. If so click on button

3 (blue circle) and select Ad:01.

In case of faulty operations it can be useful to reset the pump. In that case press the right-most arrow key (#3 $ blue
circle) while turning ON the pump. The display will show RESET. However, it this case the default settings are active.
After Reset you have to set the Address to 01.
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§5

Imaging

5.1 Imaging settings

RUN

@

5.1.1

After a successful approach, the Run icon in the top shortcut menu bar will be active. When Run is
clicked, the scanner will start moving. By default, Run launches an infinite series of scans. If only
a single scan is desired, this can be changed under the main menu Options.

To stop the scan click Run again, or click the retract button to leave the surface (this can be used
as a kind of emergency stop, it will interrupt the movement if the scan has been started with inap-
propriate settings.

Scan Control

|

Q%8

Image properties and the Scan Control panel

The main controls for scanning are found in the Scan Control panel.

During a scan, most of the options (except the Line Rate and feedback set-

‘—@ ‘C 1 ‘—E-}' ‘ tings) in the Scan Control panel become inactive. The feedback parameters
— 0 s b SHIL= 4 and scan speed can be altered during a scan, but the size, shape or offset of
=s |1 70.0 i'“m the scan can not be changed. To change these settings, stop the scan (by
Slow | b/ 70.0| & |le toggling Run) and restart with the new values.
Line Rate | b, 1.0 & |Hz
Pixels 512512 -]
¥ Offset | — 0.0 & |pm Further parameters can be set using the Advanced Imaging Settings panel,
e | o 0.0l |pm which can be opened through the Setup menu or directly from the Scan Con-
e e trol panel. Here more complex parameters can be set, such as the duty cycle
Scan Angle | - 0] & |deg .
- 4 or overscan, or non-square scan areas can be enabled. See Section 5.5 for
Advanced Imaging Settings | details.
Fast | = 70.0) & |prn The image size can be set using the text fields for the Fast and Slow scan
Slow | - 70.0| & |pm sizes, as well as by using the mouse in the Data Viewer. The default is for
- - square scans, so if one size is changed, the other one is automatically updat-
ed. This can be disabled in the Advanced Imaging Settings panel (see
Section 5.5).
Line Rate ‘ - | 1.0| a ‘HZ | The Line Rate controls the speed of the scan. Typically the line rate is set to
values between 0.5 and 2.0 Hz. Choose generally lower scan rates if:
e the sample is rough/strongly corrugated
e the scan size is high
e intermittent contact is selected as the imaging mode
Note that the full range of values to control the speed of the tip over the sur-
face are found in the Advanced Imaging Settings panel.
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Pixels

¥ Offset
Y Offset

Scan Angle

512x512 |"| The resolution of the image can be set with the number of Pixels. Normally it
is set to 512 x 512. The higher the pixel number, the better the resolution for
a given image size, but the longer the scan will take, because there will be

more scan lines.

0.0| & |pm The total scan region of the piezo is 100 x 100 microns. Within that range,
0.0 Ihim smaller scans can be performed in different locations. The X or Y Offset can
T be entered directly in this text field, or set using the mouse in the Data View-
er. If the instrument is left on over a night or weekend, then the scan offset
should be set close to zero to reduce strain on the piezo. Likewise, for very
prolonged scanning it is better to offset the sample than to scan a small region
right on the edge of the piezo range.

‘ b/ | DI & |d69 The Scan Angle can also be set graphically or using the text field. By default,
the scan angle is set to 0 degrees.

E At values of 0 or 180 degrees, the fast scan direction is perpendicular to the
cantilever.

E «—> At values of 90 deg/270 deg the fast scan direction is parallel to the cantilever.

The icons in the Scan Control panel allow you to move around the sample surface, together with the Data Viewer:

£ m

-

Open a new Data Viewer window, see Section 5.1.2.

The zoom symbol activates a new scan area that has been drawn in the Data Viewer using the right
mouse button option Select hew scan region. See Section 5.1.3.

Switch between normal image scanning and Line Scanning mode. In Line Scanning mode, one scan line
is scanned repeatedly, rather than moving to the next line to form an image. This can be useful for adjust-
ing settings, or for flat samples that do not show surface features on every part of the sample. The scan
line is set using the Line slider in the Scan Control panel.

|i| ? Line 0 5i1|i|

The slider displays the current scan line number, and can be used to move the tip over the surface to a
particular part of the sample (click and drag on the slider arrow). It is possible to move the slider by single
steps by clicking on the background of the slider to the left or right of the "handle", or by activating the slider
by clicking on it, then using the "left" and "right" arrow keys on the keyboard. Once the slider is in the cho-
sen position, a normal scan can be started using Run, or Line Scanning can be started with Run if it is
selected. The repeated scan lines doe not form an image, so the Line Viewer (Section 5.1.2) or Oscillo-
scope (Section 5.4.1) should be used to display the height profile.

NanoWizard® AFM User Manual Version 4.2 57



JrPIC

Instruments

£

Nanotechnology for Life Science

The Outline function makes the cantilever repeatedly perform a square or rec-
tangle movement around the edge of the scan region that is currently set (during
the outlining process the scanner is in piezo retracted mode). In conjunction
with an optical microscope or top-view optics this feature helps to set a suitable
area prior to scanning, and the user can decide if the selected scan region is the
right size or in the right location before approaching and imaging.

5.1.2 TheData Viewer window

[d] Data Viewer - Height (trace)
10

Use Absolute Limits
+ Show Background Pattern
~ Show Manipulation Patterm
® Select New Scan Region

Retate

Zoom

Shift

Measure Distance

The Data Viewer displays real-time the image that
is currently being scanned, and also old scans from
saved images using the Scan List (see Section
3.2.8 Managing and saving ).

Multiple data viewer windows can be opened simul-
taneously to show data from different channels or
with different settings.

Select Cross Section

More options for moving the scan region and dis-
playing information can be found in the menu that
appears when you right-click with the mouse within
the data viewer window (see also Section 5.1.3).

Clear Selection
Focus

Channel | Settings || View

Focus || Line Viewer |

The controls on the bar at the bottom of the Data Viewer are used to set the selected channel, the scale and orientation
of the image view and the colorizer settings.

Channel

| Channel || Settings || View || Focus || Line Viewer
Channel Trace
[Height v|Trace  +|

Other channels apart from the height can also be displayed. The channels available depend on the imaging mode, and
on the Channel Setup, which can be selected from the main Setup menu. Each channel can be displayed as either
trace or retrace.

Settings
| Channel | | Settings | | Wiew | | Focus || Line Viewer
Leveling Limit Multiplier Offset
Linear v |Statistics v| v 22| a]~] 09 a|

Leveling: The image can be leveled by subtracting the background from each scan line: none, linear, quad-
ratic (2ncl order), cubic (3”’) or quadratic (4”’). The average value or curve is subtracted from each line inde-
pendently; the higher the order, the more small features in the image will be highlighted. This only affects the
online display — the full image information is always saved for later analysis.
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Limit: Allows the user to vary the color scale settings, through a choice between Statistics or Min-Max.

Statistics . Sigma is the statistical width of the image range of data values. This is the "unit" for
; the automatic colorizer settings.
0/

Min-Max Auto Manual

Multiplier is the factor that is applied to scale the width o of the color scale.

Offset gives a shift in the centre position.

The lowest and highest values are read | The lowest and highest values can be

automatically. set manually.
View
Channel | | Settings | | Wiew | | Focus | | Line Viewer
. Scale - o Angle (E_:e}grees) .
| ! ! | ) ! I T T T S T T R SRR
nm pm mm-180 -135 -890 -45 o} 45 90 135 180

The display can zoom into parts of the image in the viewer using the slider Scale, or turn the image with the slider An-
gle. Using the right-click menu in the Data Viewer, the view can also be shifted and zoomed using the mouse.

Note: Neither function affects the motion or scanning angle of the cantilever, only the data display.

Focus

Rescales the selected image to full size. The selected image is usually the current scan, but other images can be se-
lected using the Scan List. This quickly brings a selected image into view, as in the before and after screenclips below.

I Data Viewer - Height ftrace)

1] DataViewe: - Height (tracel

2 9 e
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Line Viewer
1.0
0.8 |
T 06
= 04t
§ 2.3 g | Scale |
= 0.0
£ -02 | Autoscale |
g :gg: | Save Line Scan |
-0.8 -
_10 L L 1 1 1 1 1 1 1 |
0 1 2 3 4 5 4] 7 8 9 10
Fast (pmj
| Channel || Settings || View || Focus || Line Wiewer |

The Line Viewer displays the current line scan as it is acquired. The channel and leveling settlings are taken from the
data viewer. The buttons on the right hand side can be used to adjust the scaling, or to save a single line scan.

s By default, the first image is started from the bottom of the Data Viewer window (as
‘E| i R |£| marked below). This is the case when the right arrow is active in the scan control box,

\?\1 | as marked with the asterisk here on the left. If the left arrow is active, the image is

= F 700| & fum scanned from top to bottom. If the software is set to perform repeated scans, then the

ZI::Rate | : ?fg z I:;n second scan starts from the top position where the previous one finished.

Pixels 512 %512 - _ —

X Offset v 0.0 a |p|rr|| |i| Line 0 511|i|

¥ Offset [+ 0.0[ 2 jum

Sscanangle | ¥ 0| = |deg To start the first scan from the top of the viewer, move the slider to the end position

Advanced Imaging Settings | (here 511) and select the left arrow.

[E DataViewer - Height (trace)
10

Scanning from bottom to top of the Data Viewer window means that
during the scan the slow scan movement is in the direction towards the
cantilever substrate.

. Slow scan direction
Slow scan direction —

Scanning from top to bottom of the Data Viewer window means the
slow scan movement is in the direction of the cantilever

- Slide scan direction

—_—

Fast scan direction

5.1.3 Selecting a new scan region (zooming)

The JPK NanoWizard is equipped with state-of-the-art hardware-linearized xy piezos. This means that xy positioning is
very precise and that when a new scan region is selected the piezos will accurately move to the new region. Selecting
a new scan region and zooming in or out of images can be done by selecting an area with the mouse in the data view-
er, or by typing the relevant offset and scan size values directly into the scan control panel.

Note: It is not necessary to retract the cantilever from the sample when you select a new scan range. The cantilever is
automatically retracted from the surface during the move to the new scan region. A new region can not be activated
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during a scan, however: Run must be toggled to allow the new region to be set.

il T To select a new scan area, right-click
. o v Show Background Pattern .
v Show Manipulation Pattern with the mouse and choose Select

w new scan region. Click and drag in

the Data Viewer to draw a red box

Zoom
il defining the new scan region.
Measure Distance

Select Cross Section

Clear selection

Focus

[E Data viewer - Height (trace)

Nothing happens immediately when a new region is drawn. The region
can be redrawn as many times as required until the region is correct, then
it must be activated.

Q

| To activate the new scan region, click the zoom icon in the
Scan Control panel. The new scan area should now be surrounded by
yellow axes.

25

The old scan image is still shown in the background, with the pixels
shown with the real size. Start the new scan with Run.

[E Data Viewer - Height (trace)

It is also possible to select a new scan region completely outside the
previous image. To zoom in or out:

- Select View in the Data Viewer control and adjust Scale
- Select Zoom in the right mouse button menu, click and drag
- Scroll the mouse wheel

The scanner in the AFM head has a maximum range of 100 x 100 pm in
xy. This maximum scan range is indicated with a blue frame in the Data
Viewer. It is not possible to choose the new scan region shown here in
red, because it is partly outside the 100 um piezo range. The region will
be automatically reset inside the piezo range.
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Scan Control

CIENEA (=]
(T .
Fast |+ 700 & |im
Slow ‘ v 70.0] a |um
Line Rate b, / 10| & |Hz
Pixels 512x%512 -]
X Offset - 0.0 & |um
Y Offset ‘ b 00| 2 |um
Scan Angle ‘ b/ 0] & |deg

Advanced Imaging Settings |

It is important to remember the piezo range when selecting values directly in the Scan
Control panel. The scan area is defined by the x- and y- offsets and the scan size.

The origin of the coordinate system is the center of the 100 x 100 um region, so x and
y have the range -50 to +50 um, e.g. Scan size 20 um and offset 40 um is possible.

Scan size 20 um and offset 50 pm is not possible, since the endpoint would be 60 um
away from the zero position.

Rectangular (non-square) scan regions can be set if the Square image option is un-
checked in the Advanced Imaging Settings. For a rectangular image, the pixel num-
ber is automatically updated in order to keep the pixels square.

5.1.4 The image Scan List

° Scan List O E)

Current Scan
Show

| Hold |Current Scan

Recent Scans

Number of listed entries |EE‘

Show

||=|@|Scan 6
aw
0ld Scans

Show

= e

There are often a large number of interrupted scans that would fill up the memory over time. The
Scan List is manages the saving and removal of images. The image files are held in three levels:

Current Scan: The scan that is still in progress is held in Current Scan. This is the
only scan with a yellow outline in the Data Viewer.

Recent Scans: When an image scan has finished, the file is automatically moved to
the Recent Scans section of the Scan List. Only a limited number of scans are held
here; older scans are removed automatically as new scans are finished. The default
number of scans is four, but this can be increased using Number of listed entries. If
the scans have been saved (either manually or with Autosave), they are still stored on
disk even if they are removed from the Scan List. If they have not been saved, they
are lost permanently if they reach the bottom of Recent Scans.

Old Scans: To store good scans for reference during the session, they should be
moved to the Old Scans section by clicking Hold. Here they are kept until the software
is closed or they are removed manually, they will not fall out of the list. Unsaved scans
will still be lost if the software is closed. Animage will be sent straight to the Old Scans
list if Hold is clicked while it is still scanning.

If the Direct Overlay feature is installed, then imported optical images also appear in the
Old Scans section of the scan list.
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' Scan List JEE

Current Scan
Show

Hold |Current Scan

' Scan List - ox

Current Scan
Show

Hold |Current Scan

Recent Scans

Number of listed entries na

Show
o i oscn

Recent Scans

Number of listed entries ﬂnn

Show

Click Hold to store a good scan.

The images are displayed with a thumbnail image and the
scan number.

.

avw

0ld Scans

F 4+ ¥ 3

Show

B Saving settings

© Scan List =13

Current Scan
Show

Hold |Current Scan

Recent Scans

Mumber of listed entries nnn

Show

0ld Scans

F 4« ¥ 32

HScan 6

B saving settings

' Scan List - ox

Current S5can
Show

Hold |Current Scan

Recent Scans

Number of listed entries Hnu

Show

td

Note: The Remove icon just clears the image from the
software memory in Old Scans. It does NOT remove it from
the hard disk if the file has been saved. However, if the file
has not been saved, it is impossible to recover it once it has
been removed.

Note that the more images you store in Scan List, the more
memory is used.

Files with this symbol are not yet permanently saved to
the hard disk . At any time in Recent Scans or Old Scans
the image can be saved clicking directly on the icon, or with
the right mouse button on the scan name/number and select-
ing Save data.
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Once the file has been saved, it will be displayed with
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Optica\ image

Saving settings

0ld Scans
F |« | 3

Show

=Scan [

Saving settings

this icon.

The Open file icon can be used to reload old scans
from former imaging sessions.

If the DirectOverlay option is installed, optical images can be opened and will appear in

the Old Scans list.

The Show tickbox controls which scans from the Scan List are displayed in the Data

Viewer window.

The order that the scans are plotted in the Data Viewer is set in the Scan List. Scans at
the top of the list are plotted over scans further down the list.

The Select function can be used to bring one of the scans temporarily into the foreground

by clicking on the scan number or filename. The scan entry will now be outlined in green,
and the image is shown in the Data Viewer with green axes.

In Old Scans the list order can be changed using the arrows. If a scan is selected, it can
be moved up or down through the list using the arrows — top, up, down, bottom.

EAE AR
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For more display options, right-click on the file entry and choose from the menu dis-
v Show played:
v Select Show shows/hides the image in the data viewer

Focus

Remove Select displays green axes and selects the image for other functions, such as cross-

section measurement or shift optical image for DirectOverlay.

Focus centers the viewer on the selected image.

5.2 Feedback adjustment for imaging: the feedback control panel

5.2.1 Feedback gains for imaging: IGain and PGain

When the feedback mode is changed in the drop-down menu on the shortcut

Contact Mode -

toolbar (see Section 4.4), the JPK software automatically updates the value of
AC Mode the gains IGain and PGain in the Feedback Control panel to appropriate
default values for that imaging mode. Generally the initial parameters will need
Force Modulation Mode optimizing, however, to obtain the best images of each sample.

IGain and PGain correspond to the integral and proportional gains for the adjustment of the height (z) feedback loop,
so the optimal value for the gains depends not only on the imaging mode, but also on the sample environment (air,
liquid, etc.), the scan size and scan rate, the choice of setpoint and the topography of the surface, and the selected z-
range. The time constant, IGain, determines the integrator and the gain parameter PGain the proportional amplifier.

Feedback Control . Both gains can be adjusted at any time (including during imaging) and can be
IGain |i 150.0 i|H2 set independently from each other. The numbers can be entered directly in the
PGain | A 0.005| a | text field, or the value can be changed in increments by clicking on the arrows.
Setpoint - 1.000] & [ . . .

ctpain |_ _| (Note: the approach gains are set separately in the approach window)

In the simplest explanation, the gains control the reaction speed of the feedback loop. If the feedback control is too
slow, the z-scanner always has a delayed reaction to the topography. If the feedback control is too fast, the z-scanner
tends to overcorrect, and may start oscillating.

As a general rule it is best to increase the gains as much as possible. Using higher gains means the feedback reacts
more quickly and the maximum force is reduced. The cantilever tip follows the surface more accurately, producing a
better topography, and the tip reacts quickly to any change of height, preventing damage to the tip or the sample. It is
also often possible to reduce the setpoint imaging force when higher gains are used. If the gains are set too high, how-
ever, the feedback may oscillate and they will need to be decreased again.

In general, the gains will usually need to be higher for:
= Faster scanning (increasing the Line Rate)
= Larger scan region (faster tip speed over the surface in microns/second)
= Samples with a large topography range (more z-height adjustment in the same time)
=  Samples with very sharp changes in topography (the feedback needs to react very quickly at the edges)

= Low force scanning (to give fast enough correction even for a small setpoint change)
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= Decreased Z-range (lower z amplification)

In the opposite cases (small, slow or flat scans), the gains do not need to be so high. The feedback response depends
on the setpoint, since the gains control the amount of correction for a certain difference between the setpoint and the
current feedback channel value. Therefore, for low-force scanning (high setpoint in AC mode, low setpoint in contact
mode) the gains need to be set higher to react properly to very small changes in the setpoint value.

In some situations there is a large range of reasonable values that give very similar results; for robust samples the
feedback only has to react fast enough to follow the topography. Scanning medium size regions in air, for instance, it is
often possible to use the default values over a wide range of conditions, particularly in contact mode. If the sample is
delicate then the feedback parameters really need to be optimized and it may be necessary to adjust all the parame-
ters many times during different scans.

In the SPM software the gains are applied relative to the current piezo range. Therefore when the piezo range is re-
duced (e.g. from the maximum 15 microns down to the 3 microns range) the gains need to be increased to give the
same response. The features will usually be smaller, since the reduced range is chosen for very flat samples, but for
scanning at low force the gains can be increased a lot.

The Height image is obviously the first channel to use in setting the imaging parameters; the quality of the scan may
be obvious from the plain height image. The Error Signal image (Vertical Deflection in contact mode and Amplitude
in AC mode) is also vital for adjusting the feedback settings; this shows the correction signal that the feedback is using
to adjust the height. If there are dark and bright patches of almost black and white around features, then the feedback
loop is not correcting fast enough and the error is large at these points. If the image shows a more softly shaded
"shadowed” image of the height, then the feedback loop is adjusting the height within a reasonable time.

5.2.2 Simple procedure to optimize IGain and PGain

It is best to be able to see the current line scan in order to judge the effect of adjusting the gains or setpoint values on the
imaging. Therefore, the Line Viewer in the Data Viewer window (see Section 5.1.2) or Oscilloscope window (see
Section 5.4.1) should be opened, so that the height profile for each line can be seen.

In this example, the Line Viewer in the Data Viewer window is used to show the effect of adjusting the gains.

foon (=] zehighe |

sk Increase I-Gain until the z-feedback loop

50 100 150 200 250 300 330 400 450 500 starts to oscillate.
Offzet {nm)

height {nrm)

foon [zl |

Reduce IGain slightly until the oscillations
are eliminated.

height (nrn)

50 100 150 200 250 300 350 400 450 500
Offset ()
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5 T -

B | sk | Increase PGain until z-feedback oscilla-

50 100 150 200 250 300 350 400 450 500 tions are observed again_
Offset (hm)

height (nirr)

oon |l e =)

height (nirr)

50 100 150 200 250 300 350 400 450 500

i ishes.

5.2.3 Scan speed and feedback adjustment

Generally you can achieve better results with lower scan rates in these cases:
» The sample is rough or strongly corrugated (a large z piezo range is used in scanning)
» The scan size is large (a larger x-y range is used for scanning)
» The scan is made in intermittent contact mode in liquid
» The sample is very soft and easy to damage

A combination of several of these features means that the scan should definitely be in the lower end of the range. For
example, when scanning living cells in liquid there is a very soft sample that has a large height range, and is often
scanned with x-y scan sizes up to 100 um. In this case, the speed should be around 0.3 - 0.5 Hz. For smaller scans,
e.g. for zooming into particular features on the cells, the speed can be increased. When scanning a relatively flat, hard
sample in air then the scan speed can often be increased to 2 - 3 Hz (although note that the feedback gain values
should also be increased so that the feedback reacts quickly enough). For scanning small flat areas in contact mode
for high resolution imaging, for example when imaging bacteriorhodopsin protein crystals, the scan rate should be
increased further, usually in the range 4 - 8 Hz. Note that the full range of values to control the speed of the tip over the
surface are found in the Advanced Imaging Settings panel.

It is useful to open the Oscilloscope window during scanning (see Section 5.4.1), to show the trace and retrace data
together. On regions where the height of the sample increases, the difference between the setpoint and the measured
value of the feedback channel can become quite large, so the feedback follows the surface even if the gains are too
low (although high forces may be applied if the gains are too low). On regions where the height of the sample is de-
creasing, the difference between the setpoint and the measured value of the feedback channel is limited by the free
state of the cantilever, and the feedback responds more slowly to the changes. This leads to a difference between the
"uphill" and "downhill parts of the scan, and this can be seen clearly by comparing trace and retrace. Regions where
the height increases on the trace scan line correspond to regions where the height decreases on the retrace scan line.
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o e When the gains are not high enough for the scan speed and topography, the
o 1 scan lines tend to “trail” as the tip follows the surface downwards, and the
trace and retrace lines do not agree with one another.

RABI T D

In this example, the trace and retrace curves of the height channel are dis-
played. On parts of the lines where the topography height is increasing, the
line follows the surface corrugations. On parts of the lines where the height
is decreasing, the tip follows a smooth downwards curve and does not follow

Ch 1: trace; height (urm)

() wgiay ‘@

the surface details.

Increasing the I-gain leads to better congruence of trace and retrace curves.

Decreasing the scan rate also leads to better congruence of trace and re-
trace.

DRRAL T 4D

When the feedback parameters are set appropriately for the scan speed and
topography, the trace and retrace lines both follow the surface topography
and there are only small differences between them.

Ch 1 trace; height (um)

() iy 2

5.3 Controlling the piezo and stepper motors
5.3.1 Reducing Z-Range for higher resolution

To optimize the range and resolution, the working range of the cantilever piezo can be set to different values. The z-
range that is most suitable for a particular experiment, depends on the sample and type of measurement. For flat
samples with a height range of less than 500 nm it is recommended to select a smaller z-rangein order to maximize
the resolution. The resolution is increased for smaller z-ranges because of the 24 bit resolution of the AD-converter,
and also the amplifier noise is lower. The 24 bit resolution means 2% = 12,777,216 digits are available over the full
selected Z-range:

Z-range 15 um 1.5 um

Resolution 0.9 pm per digit 0.09 pm per digit

It is also important to know that the capacitive sensor measuring the length of the z-piezo has two working areas for a
range above 5 um and a range beyond 5 um. These working areas have different amplification factors and therefor
different sensitivities. If the z-range is reduced beyond 5 um the sensitivity and resolution will increase.

Note: the piezo cannot retract further than the currently set Z-Range! Therefore, if the sample topography differences
are larger than the chosen Z-Range, the tip will not be able to move far enough away from the surface, and tip or sam-
ple damage can result.

Note also that the Z-range covered by the piezo during a scan includes any sample tilt, as well as the roughness of the
sample over a scan line. Therefore, even if the sample is quite flat, a relatively large Z-range will be needed if there is
a significant tilt angle between the sample and the AFM head. It is important to consider the height differences without
any leveling procedure being applied to the scan lines. The height range being covered can also be seen on the Z-
Range piezo display, as below. If there is a significant sample tilt, it may be better to remove this first by adjusting the
stepper motors (see Section 5.3.2) before reducing the Z-Range. Note that you may then be scanning a different area
of the sample, unless you can find the same location again optically.
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The Z-Range can be set from the Setup menu on the
Autosave main pull-down menu bar and can only be changed if the
Scan Repetitions g tip is retracted from the surface.

#. Cantilever Tuning

Z-Range 4 ® 15Hm (maxrange) There are seven different z-ranges available that can be
.z 2 Piezo Display 10pm selected: 15, 10, 7.5, 5, 3, 1.5 or 0.75 um.
Approach Parameters 7.5um
& saving settings 5.0pum Always start with a larger Z-Range for samples with an
o
5% Channel Setup 3.0Hm unknown topography range! It can then be reduced it if
XYScanners 4 1.5um . .
3 ) needed, according to the sample image. The approach
TTL Contral 0.75um {max resolution) .
= ctrl-Q | will also be faster for a larger z-range; then the range can

be decreased at the surface just before imaging.

The z-range panel can be seen at the bottom left of the user interface, and the active z-range is marked in this panel,
as the white part of the piezo diagram. The current piezo position is marked as a red line, and the recent range cov-
ered within the scan line is marked in blue.

£ Range Z Range

0 pm 8111 pm 15 pm 0 um 5.000 pm 15 pm

| | | I I |
Extended Retracted Extended Retracted

0 — 15 pm (maximum range) 0 — 5 pm (useful range for small samples)

CAHEE LR T SREN=RE S |t is also possible to view the Z
Autosave M43 Hm (Retracted) Piezo display vertically, which
Scan Repetitions » Is m0|.'e intuitive.  This e)_<tra

Bl Laser Alignment panel is opened from the View
menu.

Z-Range 4 15.000 pm

.z z Piezo Display
Approach Parameters
@ Saving Settings
EZ Channel Setup
. AC Feedback Mode Wizard
Exit ctrl-Q

LI0 pm (Extended)

5.3.2 Independent movement of the stepper motors

Most samples are not mounted exactly parallel to the sample stage, and sometimes the interesting region of a sample
is at an angle to the AFM head. In this case, the feedback has to correct for this general sample tilt as well as the local
changes in height due to the roughness of the sample. If the sample is parallel to the AFM head over the region that is
being scanned, the feedback only has to correct for the roughness of the sample, and this can lead to better imaging,
particularly if it allows the Z-Range to be reduced (see Section 5.3.1). Note that generally the exact location on the
sample is changed when the stepper motors are moved independently of each other. Therefore it may not be possible
to find exactly the same area of the sample, unless it can be located optically.
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Q Stepper Motor ==
B Position: 99,099 um ‘ & ‘
* | Coarse Step Size 500.00 jum
! Motor A 117 um | N || ¥ |
Motor B:  74.1 um | VN || W ¥ ‘
A C Motor C: 118 pm | 4 | | U4 ” Zero counters
B View of the AFM head from the top.

Orientation of the cantilever
in the AFM head

[ Data Viewer - Haight frace)

Slow scan direc-
tion scanning
bottom to top

Slow scan direction (y)

Slow scan direc-

tion scanning top
—

Fast scan trace direction (x) to bottom

.-Q- Stepper Motor =@

e

Position: 99.099 pm

B
* | Coarse Step Size

¥
Motor A: 117

Motor C: 118

Open the Stepper Motor window to move the
stepper motors independently. The diagram
shows the direction of the main scan axes to
help translate the scan to the movement of the
motors. Note that if the tip is approached, the
“down” arrows of the stepper motor are inactive.

For a zero scan angle, the fast scan direction
(x) is front-to-back relative to the head, and the
slow scan axis (y) is right-to-left.

The orientation of the cantilever relative to the
AFM head is shown here.

The movement of the fast and slow scan direc-
tions relative to the Data Viewer window and
the cantilever is shown here.

Looking at the tilt of the scan lines in the oscil-
loscope is useful to see if it is necessary to re-
adjust the stepper motors.

Note that the leveling must be set to OFF to see
the overall tilt of the curves.

The position of the motors is shown on the
Stepper Motor window. The main pair of up
and down arrows on the right control all three
motors together. The three pairs of arrows in
the center control each motor independently.

Increasing numbers in the display represent the approach of the AFM head towards the sample; decreasing numbers

represent the movement of the AFM head away from the sample.

The counter can be reset at any position, for example they can be set to zero at the sample surface, to provide a refer-
ence for the sample height and aid re-approaching later. Note however, that this means they are not an absolute val-
ue, and the motors can all read zero when the head has a significant tilt, for example. To obtain reference values,
move the head up as far as possible, until all three motors are at their highest point, and then zero the counters. The
head is now level, so if all the numbers are equal the head should be level with respect to the stage.

Note, for the NanoWizard | heads, never move the motors down to their lowest point! In this case the motor spindle

may stick inside the head.
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If the AFM head has to be tilted it is better to tilt
it as shown in the right image. This is to avoid
the cantilever spring touching the sample as the
head approaches.

Not recommended Better in this direction

5.3.3 Automatic Motor Leveling

As described above, it is possible to adjust the AFM head manually to take account of some sample tilt by moving the
three head motors independently. It is also possible to calculate and carry out the movement automatically, based on
the tilt of a scanned image. Remember though that the tilt range is rather limited by the geometry. This correction is
effective in correcting for small angle differences from sample mounting, but not intended to apply large tilt angles to
the scan head.

m Motor Leveling can be opened from the main Motor menu.

& stepper Motor
& Motor Leveling

§=scanlList @® | The movement should be calculated from an image that has just been scanned.
g:rre"t HEE This should be selected in the Scan List, and will be shown in the Motor Leveling
ow

window display. Check that the correct image is selected, and shown with a green
border.

Scan Region

Recent Scans

Number of listed entries| b’ DI a |

Show The tilt angle can be determined better from larger images. Therefore larger scans
(more than 10 microns) are recommended, and it is better to finish the scan (so
that the angle is measured well in both scan directions). The pixel number or reso-

&:S lution is not so important, so the scan can be done with fewer pixels if required for
cans

(2 e o[ &] speed. If very small scans are used, the error will be higher, and there is more
Show chance that the angle is only local, and not representative of the whole surface.

|||§|save_2009.01|15_og|05 After the independent movement of the motors, the center position will change
—L- laterally, so the tip will not land on exactly the same region of the sample. So it is
important to measure the large-scale tilt of the sample and not some local feature.

1 4

| B ” Saving Settings |

70 NanoWizard® AFM User Manual Version 4.2



'g Motor Leveling

Channel Trace

|Height (measured) vITrace v|

-

QO

(3) Average over whole image
() Select points for tilt calculation

Calculate

otor Leveling

Channel Trace
|Height (measured) v|Trace v|

A

() Average over whole image
".Z"\Select points for tilt calcu\atiun|

Nr. ¥ in pm

Yin pm

Heights in pm ‘

-6.624
9.963
-3.736

w o F o

0.411

12.278
10.797
5,095
-4.234

-0.0
-0.0010
0.0010
-0.0010

Delete || Clear H Calculate

The Motor Leveling display shows the currently selected
image from the Scan List. The Height (measured)
channel is generally used, as this has the best height
accuracy, and the display here always shows the display
leveling off (so it may look different in the Data Viewer,
depending on the display settings there).

The default setting for the angle calculation is Average
over whole image. This is appropriate where the sur-
face is very flat, for example single molecules on mica,
and the large-scale height differences are dominated by
the sample tilt. In this case, proceed to the next step with
Calculate.

For samples where there is a clearly defined “back-
ground” that should be used for calculation, and features
that should be ignored, this is not appropriate. For the
image shown, it is better to choose Select points for tilt
correction.

If Select points for tilt correction has been chosen,
click in the image display to set points. Three points is
the minimum, but it is better to use rather more points
than needed, to ensure there is a good average.

Choose points all over the region of the background level
of the image. The listed points will appear in the table
below.

Delete deletes the currently selected point.
Clear deletes all the points in the list.

When the points are set reasonably, click Calculate to
proceed to the next step.
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(3 Motor Leveling Once the background level has been set from an image,
B J the calculated stepper motor movements are shown.

The Safety Height is added to all the stepper motors,
and should be the final height above the surface at the

A Cc
' end of the movement.
Safety Heicht | ¥ | 530.03' A |um
To level the scanne-, the stepper motors will b2 meoved by the following amounts: Check the calculated motor movements to see that they
Mozor A -0.50 mm are sensible before clicking Start leveling. Always try to
Mozor & 0.49mm avoid the stepper motors reaching the end of their range!
Mo o C -0.52 mm

Once Start leveling is clicked, the movement will start —
first the motors moving away from the surface, followed
by the motors moving towards the surface. After the
| Back | startleveing | cancel movement, re-approach to the surface to start imaging.

5.4 Tools for monitoring scanning

5.4.1 The Oscilloscope window

—_— The Oscilloscope icon in the shortcut bar opens the oscilloscope window directly. It can also be opened
lﬁ from the pull-down menu View in the menu bar.

The Oscilloscope window can be used to display the present line scan of several channels simultaneously. Both trace
and retrace information can be displayed together, which can help with optimizing the imaging settings (see Section
5.2, for example). Up to four channels can be displayed in the same window, all with both trace and retrace. Any chan-
nel can be displayed, so long as it is switched on in the Channel Setup (see Section 3.2.8).

The Line Viewer that is located in the Data Viewer window (see Section 5.1.2) gives a simplified oscilloscope func-
tion. In the Line Viewer, the leveling settings are taken from the Data Viewer, but in the Oscilloscope the leveling can
be set independently. The same scan lines may look different in the oscilloscope and line viewer, if different leveling
settings are chosen.

I oscilloscope

It is also possible to zoom into a

:f:im"%aﬂ smaller range to take a closer look
- m
xun (v oo[alum at the curves. The display range
i ‘%‘ can be set using the text fields for
- o ‘ertical axis . . .
: £ ehifchz T cha [cha the horizontal and vertical axis
i © |Channel ‘He\ght '|
£ 2 |Display |Both -| ranges.
£ 3 vmax = 12[ & |om
o T _ape) [ QB (] T [B]
Leveling |tinear -|
Color (ti ) d - .
I ™ | The standard oscilloscope toolbar
u\ur(retrace)‘red—dark '|
e ae of‘i ) 25 30 35 a0 |[orawthelastscan can also be used to set the view
set (Jm;
ranges

Note: In Contact mode Error signal and Vertical deflection provide basically the same information, but for Error
Signal the Setpoint is always subtracted. Also, with a calibrated cantilever (known sensitivity) the Vertical deflection
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signal is displayed in nm.

In Intermittent contact mode Error signal and Lock-in amplitude provide the same information, but for Error Signal
the Setpoint is always subtracted, and with a calibrated cantilever (known sensitivity) the Lock-in amplitude signal is
displayed in nm.

5.5 Advanced imaging settings

The Advanced Imaging Settings window can be opened directly from the Scan Control panel, or under the Imaging
menu in the main menu list. This panel provides an extension to the parameters found in the Scan Control panel.

e The speed for scanning is usually set in the main Scan Control panel, through
=] ‘ Q H -3 H £3 ‘ the Line Rate. A line rate of 1Hz means that the tip makes the trace and retrace
| e | % : | > | scan lines and returns to the starting position for the next scan line in a time of 1s.
L= 4 0 Line 0 1270 %
e I v | 20210pm | | To have a constant scan speed across the surface while collecting data points,
. e E—— however, the tip must scan a slightly larger area to give room for slowing down
(Line Rate v 1084z | & |> L o )
s - H‘ and changing direction. The relationship between the movement of the tip used
for imaging, and this extra movement to change direction is normally handled
X Offset v| 39891pm|a .
B using default values from the software, so the user only has to choose one num-
¥ Offset |v| -39.891jm | a | the .
i ber for the Line Rate. For advanced applications, the user can choose particular
Scan Angle | A4 0 deg| & |
: : — values to control the other parts of the tip movement if desired.
| Advanced Imaging Settings | >

, Advanced Imaging Settings

=18% | The scan speed can now be set either as a Line Rate (1/ time for both trace and

Square image

retrace), or as a Half Scan Time (the time for either the trace or retrace part of

Half Scan Time

Fast (v]| 202100m[a]
— | the scan line). The numbers are always updated to be consistent.
Slow |v| 20219pm|a|
Line Rate | v 108H |« || The value set for Overscan controls the extra movement of the tip as it turns

| v

0.046

s | = |l around at the ends of the scan lines. This is set as a percentage of the half scan

Overscan

Overscan Time

|1 |i| time. (Note that this option replaces the “Duty cycle” option from old versions ol

0.005 s

Distance of Overscan 2.08 pm

the software.)

Tip Velocity

Time for Image

The Tip Velocity takes account of the physical scan size, and can be used to see

o a36.73umssf & | . . . . ;
|—pm S|—| the tip velocity for particular settings, or as an alternative way to set the scan

0.23 min

speed. The total time for the image is also displayed, calculated for the overall set

of parameters.
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5.6 Intermittent contact mode

5.6.1 Phase contrast

During an AFM experiment in intermittent contact mode the cantilever is driven
at a specific resonance frequency. Depending on the conditions of the sample
interaction, there will be some phase shift between the drive amplitude (ap-
plied to the piezos) and the lock-in-amplitude (measured from the detector).
Most contributions to this phase shift are independent of the sample position,
and will not change over a scanned image.

The part of the phase shift that is due to the tip-sample interaction can show
contrast between different parts of the sample. This phase shift can be meas-
ured and displayed in a phase image. The height and phase images are
collected simultaneously.

Sometimes in the phase images two different components within a topograph-
ically flat sample can be distinguished, as in the example shown here.

The quality of phase images is generally strongly influenced by varying the
setpoint. Often the phase contrast is lower in intermittent contact mode
imaging in liquid, since the width of the resonance peak is greater.

The phase contrast also depends on any static offset between the drive
amplitude and cantilever response, so the offset can be changed, as described
below, to bring the phase in line with the amplitude resonance.

5.6.2 Adjusting the phase shift to improve phase contrast

To get the best quality phase images, the phase curve generally has to be shifted using the Cantilever Tuning win-
dow, as explained below. The Phase Shift is used to compensate for the uninteresting contributions to the phase
difference between drive amplitude and the measured cantilever lock-in amplitude, so the images show the best con-
trast for the part that depends on the tip-sample interaction.

The plots of the lock-in amplitude (red) and the lock-in phase (blue) are displayed for each value of the Phase shift.
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Lock-in amplitude (V)

0.1 | | | |

1 -80

-90

295.4 295.6 295.8 296.0
Frequency (kHz)

296.2

4 10
296.4

0

(Bap) aseyd ul->207

Initial phase and amplitude — Phase shift is 0 deg.

11

Lock-in amplitude (V)

0.1 I | | I

295.4 285.6 295.8 286.0
Frequency (kHz)

Enter “180" deg and Run

Result: bad, inflection point does not hit drive frequency.

Lock-in amplitude (V)

0.1 I I |

296.2

-10
296.4

(Bzp) aseyd u-yioq

295.4

295.6

Enter “90“ deg and Run

Result: good, inflection point hits drive frequency.

295.8

296.0

Frequency (kHz)

296.2

-100
296.4

(Bap) aseyd u-»207

In this example, the drive frequency is 295.8 kHz, and the
target amplitude is 1.0 volt. To image the phase contrast
from the sample sensitively the inflection point of the
phase curve must be at the drive frequency.

The phase curve can be shifted manually by adding a shift
(offset) to the phase. Enter a value between —180 und
+180 deg in the textbox Phase shift.

By toggling Run, or continuous (the infinity symbol), the
new resonance curve can be seen.

Lock-in amplitude (V)
(Bap) aseyd u-3307

0.1 | | I I | i

-100
295.4 295.6 2595.8 296.0 296.4

Frequency (kHz)

296.2

Enter “-90“ deg and Run

Result: Inverted phase curve. The color scale in the result-
ing phase image would be inverted. Change the phase
shift by +/-180 deg. (to -130 deg) instead.

When it is well adjusted, the phase decreases with in-
creasing frequency and crosses 0 degrees at the drive
frequency.

Note that each experiment will require a different adjust-
ment, the actual phase shift numbers here do not apply to
each case. Adjust the phase shift until the correct curve
shape has been obtained.
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5.6.3 Variation of the drive amplitude

In intermittent contact mode the drive amplitude can also have an effect on the imaging conditions. The drive ampli-
tude is the value of the alternating voltage that is applied to the piezo which drives the cantilever oscillation. The drive
amplitude is not related to the drive frequency. For a higher drive amplitude, the oscillation amplitude of the cantilever
is also increased, which can be helpful on some sticky samples.

The force applied to the sample depends on the relationship between the setpoint and the drive amplitude. If the set-
point is not changed, then the force applied to the sample is increased when the drive amplitude is increased. There-
fore it is recommended to increase the setpoint manually while increasing the drive amplitude.

Additional hint: In the cantilever tuning window the magnitude of the lock-in amplitude

Vornm? IS displayed in Volts. The cantilever must be calibrated to get the amplitude displayed
in nanometers. The sensitivity of the cantilever has to be determined. See Section 7.2
for details about sensitivity calibration.

5.7 Force modulation mode

Contact Mode -| In the software, Force modulation is another feedback mode, like contact or AC modes,
which can be used for imaging samples such as polymer blends to show materials with
Contact Mzds different stiffness. In the user interface, Force modulation mode can be found in the

drop-down menu at the top, along with contact and AC mode.

5.7.1 Material contrast

AC Mode

Force modulation mode is something of a mixture between contact mode and AC mode, basically contact mode with
an added oscillation of the cantilever. This provides qualitative data about sample stiffness alongside the normal in-
formation about sample topography. In Force modulation mode, the cantilever is modulated at a relatively low fre-
quency during imaging using the average Vertical Deflection as the feedback signal and Setpoint (as in contact
mode). The cantilever is always is in contact with the sample, it does not lift off the surface as in AC (intermittent con-
tact) mode. The force between force and sample is continuously varied by the drive amplitude, and the lock-in ampli-
tude shows the cantilever/sample response.

On softer features the cantilever will indent further into the sample leading to a small amplitude (corresponding to a low
slope in a force distance curve). Hard features only allow little indentation and lead to larger deflection amplitudes
(corresponding to a high slope in a force distance curve). In principle, force modulation mode can be seen as a con-
tinuous force spectroscopy experiment in the repulsive regime during a contact mode imaging experiment. During
imaging the system effectively measures the slope of the force distance curve (cantilever Amplitude) at a given con-
tact force (Setpoint) over the image.
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The pair of images here show an ex-
ample of height and amplitude images
of a polymer blend, imaged in force
modulation mode in air.

124

sow ]

The bright parts of the amplitude image
have a higher cantilever deflection
range, and hence represent a harder
surface.

Height image Amplitude image

The drive is below the resonant frequency, so the measured lock-in amplitude of the cantilever will never be more than
the drive amplitude. On a hard surface, the extra deflection of the cantilever (the amplitude) is exactly the same as the
drive oscillation. On an ideally "soft" surface, the tip would just sink into the sample, and there would be no extra de-
flection at the tip, so no lock-in amplitude signal.

5.7.2 Off-resonance cantilever tuning

The software for the Cantilever Tuning for Force Modulation mode is basically the same as for the normal proce-
dure for intermittent contact mode (see Section 4.4.2). In this case, however, the aim is not to find a resonance of the
cantilever or system.

- Cantilever Tuning

The cantilever is modulated at a relatively low

Find Resonance | ;u_"i"f 7 o.01 [l )
. DRy ‘ frequency, well below its resonance frequency.
Drive Freq, | = 0.0 & kHz . .
start Freq, | ool = kz| FOr instance, a frequency for a typical contact
40 | . . .
Frdfreq. | 7| 1000]=kizl mode cantilever in air would be around 5 kHz.
Phase Shift | = 0| « deg
35 |
: Manu=!. (SRR There are also special "force modulation”
E *‘ ‘ max Ampl. 2,000V cantilevers available. The resonant frequency
= . . .
O [Fun | = ] is around 75 kHz in air (k = 1-5 N/m). In Force
i | . . .
i M f modulation mode a typical drive frequency
20 |
M H|‘ would therefore be 30 - 40 kHz. The force
| |\ Full Range ¥ .
sf-] U I,L J\)P\u\, N T constant bridges the gap between contact and
il === | FulRange X non-contact cantilevers. IC mode is also pos-

o R A TR S S SR A
| . . . .
(T B REE % sible with these cantilevers, but it may not be

stable in air because of the surface adhesion.

For the choice of cantilever, it is important to match the spring constant to the particular sample. "Hard" cantilevers
(i.e. cantilevers with a high spring constant) can indent both soft and hard surface material, thus reducing the contrast
and potentially leading to artifacts from having the imaging force too high. "Soft" cantilevers may not be able to indent
either harder or softer features on the surface. In general it is better to start with "normal” contact mode cantilevers
(spring constant around 0.2 N/m) and try another cantilever with a higher stiffness if there is no surface contrast.
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5.7.3 Typical starting values

Feedback Control - For the imaging, the Setpoint value is the average vertical deflection, so the

e |1 150.0 i|HZ feedback gains settings is therefore similar to contact mode. The oscillation of

PGain |1 0.0048 i| the cantilever provides extra amplitude and phase channels to observe differ-

Setpoint | ¥ | 1.000| & h/ ences in mechanical properties of the sample, but is not used for feedback.

HHElE |1ib’ A high setpoint corresponds to a high tracking force (like contact mode imaging).
| Reset || Adjust | Start with a setpoint of 1 V. The higher the setpoint is the smaller the drive ampli-

— — tude should be to avoid artifacts. Start with a drive amplitude of 0.1 V.

Drive Ampl. | - 0.01| & b/

Drive Freg. - 0.0 ?|kHz

Phase shift |: 0 :|deg

The image quality can be optimized by adjusting the drive amplitude: changing the force modulation drive amplitude
during the imaging will influence the image quality of both the height and the amplitude images. As a rule of thumb,
increasing the drive amplitude will lead to a bigger contrast in the amplitude image. However, sometimes, a too high
drive amplitude will lead to more artifacts. Note that when the drive amplitude is changed it also might be necessary to
readjust the IGain and PGain values.

This paper is one of the first where force modulation was presented, it can be used as a reference for finding further
papers and information about force modulation mode:

"Using force modulation to image surface elasticities with the atomic force microscope" P.Maivald, H.J. Butt, C.B. Prat-
er, B. Drake, J.A. Gurley, V.B. Elings and P.K. Hansma. Nanotechnology 2: 103-105 (1991)
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§ 6 Force Spectroscopy

The Force Spectroscopy mode performs force-distance measurements. In imaging mode, the force is held constant
while the cantilever is scanned laterally over the surface. In force spectroscopy measurements, the lateral position is
set at a fixed point, and the z position of the cantilever is scanned. The cantilever tip moves vertically towards and
away from the surface. As the tip is pushed against the sample surface, elasticity values can be measured for indenta-
tion. Moving away from the surface, adhesion can be measured, or the response can be measured for material or
molecules stretched between tip and surface. The absolute forces can be measured if the cantilever is calibrated, i.e.
the spring constant has been measured (see Section 7.3).

A simple way to become familiar with the Force Spectroscopy features is to perform force-distance curves on a clean
glass slide or mica surface in air, using a contact mode cantilever with a moderate spring constant (around 0.1 - 0.5
N/m). These samples are hydrophilic, so the tip and sample are usually covered with a thin layer of water. When the
two surfaces are brought close together, the water layers can form a capillary neck and there is strong attractive force.
These classic force-distance curves show the attractive adhesion as the surfaces come together or are separated, and
also the strong repulsion as the tip is pushed against the hard surface.

6.1 Overview of Force Spectroscopy mode
6.1.1 Introduction to the force spectroscopy settings

l; Force Spectroscopy -| Select Force Spectroscopy mode in the Measurement Mode drop-down box.

On the left side of the main SPM window, the Scan Control panel is replaced by the Spectroscopy Control panel
with the parameters to control the tip movement.

“'-.P.

Spectroscopy Control

vaF ‘ i ‘ n. ‘ o *** """ IThe top part of the panel has shortcut icons for several
[ Basic | Advanced | - useful settings, which are described below.
Rel. Setpoint | ¥ alv
Raseline na. o Tabs for Basic or Advanced mode offer different control settings for the force scan
Adjust Basenneh v| movement. These Basic settings are explained in Section 0 and provide an easy
Z Length | v 1.0 a |,1rn way to perform force curves including variable approach, delay and retract settings.
Extend Time | v 05| 4 |S . . . . .
2t el - oo[als The' Advanced mo'de is an optional software exter?smn and not '|ncIUf:|ed in _the
Retr, Delay - 0ol as basic software version. These Advanced mode settings are explained in Section
Delay Mode  [constant Force 7] 8.3 and allow more complex force scans. Different types of force segments can be
sample Rate |v| 204Sl a freely combined, such as length segments, relative force movement, force clamp
Z Closed Loop o - and delays. Custom settings can also be saved and reloaded.
Rl : : The lower part of the panel has the list of (X, Y) positions where the force curves
N | Xinwm | ¥inm will be performed. These can be selected by hand or set automatically as a grid
(see Section 6.4). Alternatively the force experiment can be controlled as Force
Mapping (see Section 6.7).
Delete || Clear || MNew |
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() Infinite

Force Scan Repetitions
Olsingle
() Mumber of Scans:

[ Go through X¥ Position list
Repeat mode Repeat each point

- X

"'-P Shortcut to open the Calibration Manager window, to calibrate the sensitivity and spring constant.
¥-+F See Chapter § 7 for more information.

e Shortcut to open the Spectroscopy Grid Manager to create grids of spectroscopy points. See Sec-
sais tion 6.4.2 for more information.

VY Shortcut to open the Force Scan Repetitions window, to set repeats of force curves. See Section
L 6.4.1.

Either Single scans, an arbitrary Number of Scans or Infinite scans can be
recorded when the Run button is clicked.

Go through XY Position list goes through all the positions in the list. If
Number of Scans is active and greater than 1, there are two settings for the
measurement sequence. Repeat each point makes the set number of
scans at each point before moving. Repeat whole list makes one force
measurement at each point before moving, and goes through the point list
the set number of times.

6.1.2 The Spectroscopy Oscilloscope

" Spectroscopy at position (-0.490 pm; -0.373 pm)

(&) The Spectroscopy oscilloscope opens au-
tomatically. The force-distance curves will be
plotted in the main area of the window. The

jos (KB [(=] T
Display | Anahze
Horizontal axis

- a
los X Max Q 350] & |
KMin ¥ 50| 4 nm

01}

0.0

e

0z}

2 channel [reight meas. sty <] || DiSPlay panel on the right hand side allows
e — the view to be modified; the settings do not

cremsl - emed secten 7| shange the experiment parameters.

Display ‘AH "

¥ Max [+ 05| al

iz |

Vertical deflection: extend (v)

04l

—o5

06|

-0.7

v Min (= 07]alv

-]
(W) 1BARI UOIIILRR [BAUIA

1-05 Delta V:
Delta X:

Set Line
0.7

I L
-50 0 50

I
250

Height (measured & smoothed) (nm)

I
300

EYENREN S

| i | The standard oscilloscope toolbar can also be used to modify the display

Horizontal axis

e v o[ alom
oun (x| o[ajom

Z channel |Height {meas. smth.)

i |

Vertical axis

(chl [[ch2 ['ch3 [ ch4 |

settings, see Section 3.2.5.

The normal Z Channel for displaying the force-distance data is Height
(measured and smoothed). This uses the linearized sensor channel
Height (measured) rather than the simple piezo voltage Height, so there is
no hysteresis or piezo creep. This channel is used for the Horizontal axis of
the force-distance display.

In contact mode the Vertical Deflection is directly related to the force, and
this is used for the Vertical axis of the force-distance display. Always make

e |Vertical deflection ) sure that the Vertical Deflection channel is enabled (default setting). If it is
not available, see Section 3.2.8 for details of the Channel Setup and Sav-
ing Settings controls. For force spectroscopy in other feedback modes, the
feedback channel is usually used.
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6.1.3 Force Time Oscilloscope

ot The Force Time Oscilloscope can be opened using this icon in the main toolbar when force spectros-
&’ copy is active.

1t Force Time Oscilloscope at position (-0.490 pm; -0.373 pm)

Vertical deflection (mv)

==l . . .
o8] =] 1) The main Spectroscopy oscilloscope shown in
Horizontal axis - . .
xwax (v]  1o[als Section 6.1.2 shows the conventional force-distance
X Min \z 0.0 E‘s
i plot of the spectroscopy data.
ch1 [ER2 [ ERa|Tha]
camel - vemcaiseosion o) The Force Time Oscilloscope shows an alternative

Display ‘ﬂ%‘ )
¥ vax (7] soofalmv view of the same data. Here, the force data (or other

v Min ‘T-—ADD [ 4 Jmv . . . . . .
Color = | channel, including the height) is plotted against time.

i

The Force Time display is updated continuously

00 ol 02 03 04

0.5
Duration (s)

during the movement, while the main oscilloscope in

1t Force Time Oscilloscope at position (-0.490 pm; -0.373 pm)

Section 6.1.2 is only updated at the end of the cycle.

Vertical deflection (mv)

_ )=

N ETETER . . .

Horizontal axis

e The Force Time display also includes the data col-
(00| P lected during pause or delay segments, while the
Vertical axis

(ch1 |ichz ‘rmi rm‘ oscilloscope in Section 6.1.2 only displays the ex-
Channel Vertical deflection -

Display [AI_ ~ -] tend and retract movements. The example here
v [z]  soo[almv

-~| shows the data curve for a movement with 1s ex-
@ =~ tended delay, (see Section 6.2.2 for details).

v Min [+

02 04 06 08

10 L2 L4
Duration (s)

6.2 Basic force spectroscopy mode

Spectroscopy Control

"-.P

V+F

TEE LY
kEE

rBasic rAdvanced |

Rel. Setpoint |:i|\’ height is different from point to point.

Baseline n.a.

In Basic mode, the surface position is defined by the Relative Setpoint value
of the feedback channel (i.e. Vertical deflection in contact mode). The piezo
movement Z length is performed relative to this position. This is particularly
helpful when the lateral position changes between curves, and the surface

Adjust Baseline|1

Note: The Relative Setpoint is independent from the “normal” feedback set-

Z Length |7 1.0 A|
Extend Time |T 0.5 T|
Ext. Delay - 0.0 T|
Retr. Delay v 0.0 T|

point. The setpoint in the Feedback Control panel does not influence the mo-
tion during a force spectroscopy experiment.

5 The top set of parameters control the distances moved by the z-piezo, and the
features for limiting the repulsive forces between the tip and sample (see Sec-

Delay Mode |Constant Force

tion 6.2.1). Z-Length defines the range of the force curve.

y |

Sample Rate |1| 2G"‘r8|1|H2 The middle part of the panel has the main parameters to control the timing of

Z Closed Loop []

the force curves (see Section 6.2.2).
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The z-piezo extends, moving the cantilever towards the surface and retracting it
Tip movement

again.
5 V/ 1. Approach of the tip from far distance
2. Tip snaps to the surface (jump to contact)
2 < 1 3. Increase of the repulsive force when the tip in very close contact with the
—_— 5 sample. The movement stops when the vertical deflection reaches the Rela-
tive Setpoint value.
)]
8 i
E 4 ) 4. Retraction of the cantilever while the tip is still in contact (adhesion)
- 5. Tip is pulled free from the surface. The movement stops after a total retrac-
Distance

tion of Z length.

For the extend part of the motion, the surface position is not necessarily know in advance. The piezo extends, moving the
cantilever towards the surface, and data is collected continuously. Once the surface position is found, the data for the last
Z Length of piezo movement is stored as the extend part of the curve. For the next force curve, the expected starting
position is used from the previous curve, plus an extra safety distance.

6.2.1 The Baseline function

Baseline n.a. In contact mode, the Baseline can be used to correct for changes in the verti-

Adjust Baseline|never v| cal deflection of the cantilever over time. The cantilever can bend due to
changes in the environment, such as temperature, pH or ionic strength in the
liquid. When Adjust Baseline is not being used (set to never), then the Rela-
tive Setpoint corresponds to the absolute value of the Vertical deflection.

never | To use the Baseline feature, just set the interval for how often the baseline
~ should be measured in the Adjust Baseline drop-down box. If 1 is used it is
1 measured before every force curve. The interval can be increased if fast spec-
g troscopy measurements are being made, or if the environmental changes are
4 small. For each Baseline measurement, the Vertical deflection value is
5 measured at the start of the force curve (the furthest point from the sample).
;g - The Relative Setpoint is now used as the change in Vertical deflection.
Baseline 263.7 mv In this example, the baseline is being adjusted for each spectroscopy curve.
Adjust Baseling|1 ~|| The Baseline from the last curve has been measured as 263.7 mV. So if the

Relative Setpoint is set as 0.2 V, then the force curve will use the Vertical
deflection value of 0.4637 as the turnaround point.
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6.2.2 Timing settings

Extend Time |T 0.5 T|s
Ext. Delay v 0.0 T|S
Retr. Delay v 0.0 :|5
Delay Mode |Constant Force '|

Sample Rate | b | 2048' & |Hz

Delay Mode |Constant Force

-

Pixel Rate Constant Height
Constant Force
Z Closed Loop [

Sample Rate | v | 2048' a |Hz

6.2.3 Zclosed loop

Extend Time controls the speed of the movement on both the extend and re-
tract parts of the force spectroscopy experiment, as they are the same in Basic
force spectroscopy mode.

The Retracted Delay is a waiting time at the retracted position (far from the
surface) e.g. to allow the sample to recover, or to hold stretched molecules
between the tip and surface. This is always at constant height (Z-position). Note
that the Retracted Delay takes place between consecutive force curves, and is
not shown in the Force Time Oscilloscope or saved with the data.

The Extended Delay is a waiting time at the most extended position (near the
surface), e.g. to wait for sample molecules to adsorb to the tip.

The Delay Mode sets the feedback during the Extended Delay:
For Constant Height the piezo height is held constant at the surface position.

For Constant Force the piezo height is adjusted to keep the cantilever deflec-
tion at the setpoint value.

The Sample Rate is the rate at which data values are stored through the whole
force curve. Combined with the times for each part of the movement, this de-
fines the sample number for each segment of the force spectroscopy cycle.

A higher number produces better resolution but a larger data file. If the rate is
too low, particularly for a long Z length value, it may affect some control op-
tions, (e.g. Tip Saver or Relative Setpoint). There must be enough data sam-
ples so the software can react to limit the deflection.

If Z Closed Loop is enabled (M), the piezo movement during the experiment is defined by the linearized value of
Height (measured) rather than the piezo voltage value Height, so the nonlinearity and hysteresis of the piezo is cor-
rected during the movement. Since the movement is relative to the surface in Basic mode, the absolute position is not
set in advance. In open loop, the piezo voltage is increased and decreased and the collected data is displayed against
Height (measured) at the end, so there are no errors in the position information in the final force curve.

It is critical to use Z Closed Loop, however, where the speed of the motion is important. In closed loop, the Height
(measured) position at each point of the force curve is used to correct the piezo voltage, and the force curve has a
constant speed. Closed loop also becomes most important for larger Z lengths, where the piezo nonlinearity is more
significant. Z Closed Loop can introduce a small amount of noise, as there is an extra feedback. This is not usually
significant for low-noise Z sensors such as the capacitive sensors in the NanoWizard® 3 AFM heads.

6.3 Advanced force settings

The Advanced force Settings window can be opened under the Force Spectroscopy menu in the main menu list.
This panel provides extra parameters in addition to those found in the Spectroscopy Control panel.
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 Advanced Force Settings
Extend and retract rates

[#][Use the same rate for extend and retract|

Update time or speed |Constant Duration '|
Z Extend Rate |v 2.0| & |He
Z Extend Time |v 0.5 T|s

Z Extend Speed |v 2.0| a |umys
Z Retract Rate |v 2.0] & |
Z Retract Time |v 0.5 T|s

Z Retract Speed | w 2.CI| a |pmfs

Number of collected pixels
While extending 1024
While retracting 1024

Movement after Relative Setpoint is reached

Z Scan End | w | 0.0 & pm

Time including delays for standard cycle

Time for Scan 1.0s

Start spectroscopy settings

Start Option Extend first

Settings after spectroscopy stopped

End Option Return to starting mode -

o]

In the Advanced force Settings window the Z Extend Rate and Z
Retract Rate can be set to different values.

Z Speed, Z Length and Z Time for extend or retract segments depend
on each other. Update time or speed helps to either maintain the
duration of a segment (Constant Duration) if Z-Speed or Z length is
changed, or to maintain the Z Speed (Constant Speed) if Duration or Z
length is changed. The updated values of Z Rate, Z Time and Z speed
form each other is shown.

The sample number is displayed for extend and retract segments.

There are different modes available after spectroscopy is stopped. The
first is to Return to starting mode. Constant height mode maintains
the end position of the last force curve segment. Retracted piezo
mode and Idle mode turn the piezo into retracted and approached
mode respectively.

6.4 Selecting spectroscopy points

By default the force spectroscopy experiments are performed in the middle of the currently selected scan area. ltis
often useful to be able to perform spectroscopy experiments at particular defined locations.

6.4.1

a
Use Absolute Limits
v Show Background Pattern
v Show Manipulation Pattern

Select New Scan Region
Rotate
Zoom
shift
Measure Distance

Sele

@™ = Spectroscopy Point Selection

lew H Focus

Clear Selection
Focus

Point selection and the Position list

When Force Spectroscopy mode is active, points can
be selected directly in the Data Viewer window.

Right-click in the Data Viewer window and choose Spec-
troscopy point selection. The normal left mouse button
can then be used to select points in the image window
where spectroscopy curves will be performed.

If an image has been made with the same cantilever, it is
easy to select particular points within a scanned image.

The coordinates of the points are shown in the X, Y posi-
tion panel of the Spectroscopy Control window. The
coordinates are relative to the center of the 100 x 100 um
scanner range (not necessarily the current scan region).
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X, ¥ Position

Mr. Xingm | Yingm |

11.174 14,8923
23.216 15.834
22,5 21.823

L B U 5 R (8

18,855 26,119

l Delete ” Clear H Mew ]

# F #

Force Scan Repetitions — X
Olsingle]
() Number of Scans: ¥ 1| a
(=) Infinite

[ Go through XY Position list
Repeat mode Repeat each point

Force spectroscopy points can be activated by clicking on them in the X, Y Posi-
tion section of the control panel. The selected spectroscopy point is shown in
green in the Data Viewer, and is highlighted in the X, Y Position list.

Double-click on the table entry to type new values to set an absolute position.

By default, the position of the tip is only changed when another point in the list is
selected, Run will repeat the movement indefinitely at the current point. To move
automatically from point to point, use the Force Scan Repetition settings.

Either Single scans, an arbitrary Number of Scans or Infinite scans can be
recorded when the Run button is clicked.

Go through XY Position list goes through all the positions in the list. If Number
of Scans is active and greater than 1, there are two settings for the measure-
ment sequence. Repeat each point makes the set number of scans at each
point before moving. Repeat whole list makes one force measurement at each
point before moving, and goes through the point list the set number of times.

6.4.2 Spectroscopy Grid Manager

Spectroscopy Grid Manager — X

Square Pixels [

Fast (+] 10.0 Tpm

Slow T 10.0 Tpm

X Offset T 0.0 Tpm

Y Offset 0.0 pm

Fast Points - 8| a

Slow Points T 8| a

Grid Angle T 0| & |deg
Reset Grid ]

Shortcut to open the Spectroscopy Grid Manager to create grids of spectroscopy
points.

The Spectroscopy Grid Manager allows a grid of spectroscopy points to be
generated automatically. This is similar to performing a Mapping experiment (see
Section 6.7), but the points can be measured independently and the force
spectroscopy files are handled separately. The settings in the Spectroscopy Grid
Manager have the same definitions as for selecting scan regions. The values are
automatically initialized from the current scan area, but new values can be set
anywhere within the full piezo range.

Update Position takes the X and Y Offset position from the current cantilever
position. The sizes and offsets can be typed directly in the text fields, and the grid
will be updated when Set Grid is clicked.

The spectroscopy points list in the Spectroscopy Control panel automatically
updates when the grid is set, and points can be added or moved as normal. If any
positions have been changed, the Spectroscopy Grid Manager will be greyed out.
The last grid can be restored using Set Grid.
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6.5 Other Features

6.5.1
Display [ Anahyze |

Slope - Linear fit

Fit Length |::|nm
Slope (extend) o 12.81 \Im
Slope (retract) 12,93 Vfum

| | Show extend fit

Show retract fit

mdhesion

Adhesion (extend) 1,631V
imdhesion (retract) 1.489V

Relative Setpoint Values
Height (extend) 3.481 pm

Height (retract) 3,495 um
Height (measured) (ext... 6427 um
Height (measured) (retr... 6419 um

Fit Length

"""""""""""" Adhesion

trace

Adhesion
retrace

Analyze - Adhesion and slope

In the right hand panel of the Spectroscopy Oscilloscope display
there are also options to perform simple online analysis using the
Analyze panel.

All the analysis operations give values for both the extend and retract
parts of the force curve. The set of values is also used during Force
Mapping to generate the images in the Data Viewer.

The Relative Setpoint Values show the Height or Height (meas-
ured) value when the relative setpoint was reached. These values
can be used offline with other software to calculate sample volume,
for instance.

The Slope value is fitted with a linear fit over a fixed range, starting
from the end of the force curve at the sample. The single fit parame-
ter is the Fit length, which must be shorter than the steep straight
part of the force curve.

The display of the fit line can be turned on or off using the Show fit
tick boxes in the Analyze panel. The fit lines give a quick guide to
show whether the Fit length is set appropriately; if there is a
significant difference between the line and the force curve, the Fit
length should generally be reduced.

The Adhesion is measured as a single value, the difference between
the lowest data point and the free end of the curve.

Note that this analysis is not valid for more complex force curves! In general, force curve analysis depends
strongly on the type of sample or interaction being studied, and particular models should be chosen and fitted
separately for the particular type of data. See the Data Processing manual for the full range of analysis, which

is available offline.
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6.5.2 Force spectroscopy in AC mode

Lor T Typically, force measurements are performed in contact mode. Force-distance

:z ﬁf’jtzj experiments can also be performed in AC modes, however, measuring the
s o7 ‘ ‘ oz amplitude or phase of the cantilever during the force spectroscopy cycle.
v o5t ;‘ o3 3 When the spectroscopy window is opened in AC mode, the default channel is
E* o // 1" ¢ Lock-in amplitude. The amplitude of the cantilever decreases from the free
i, J l.. 2 value (on the right) as the cantilever approaches the surface (towards the left).

ool loo Other channels, including the Vertical deflection (here in blue) can also be

YRR sk e s ah b a7 ! plotted using the tabs on the left of the spectroscopy oscilloscope.

Height (measured) (1m)
by ir7 Near the surface, the vertical deflection increases as the lock-in amplitude

“l -~ T [(red) decreases because of the damping of the cantilever oscillation. The
| | hysteresis in the amplitude curve can be seen from the vertical deflection
channel to be caused by the adhesion of the tip.

fo.a
o3

10.2

Note — the Slope and Adhesion values are calculated from the feedback
channel. In AC mode this is the amplitude, so the Analysis function is
T°*  switched off for the AC mode force curves as the numbers are not relevant.

401

10.0

Vertical deflaction: extend (V)
(A) DEAIZI UBIDBYBP [EILBA

\ ; ; ; ; ;
8.2 83 8.4 85 8.6 87
Height (measured) (um)

6.6 Managing and saving spectroscopy curves
6.6.1 File saving

The force curves produced during force spectroscopy mode are written in a compressed binary file format (file names
"filename.jpk-force"), so they cannot be read into normal mathematical or spreadsheet processing software programs.

Force curves can be converted into simple text using the JPK Data Processing software, either individually or as a
batch for a whole folder of files. Alternatively, a script can be used to convert a folder of force curves to this text format.

After obtaining a force spectroscopy curve, the data can be saved using Save Force Scan in the Spectros-
copy Oscilloscope. Using Autosave, each complete force distance curve is saved automatically.

All parts of a force curve (trace and retrace segments as well as time delays) can be saved in the .jpk-force force curve
format. The only part of a force curve that is not saved is the retracted pause between one curve and the next.

Under the Setup menu option, Saving Settings defines the settings for all file formats. Choose the Force scans tab,
and the name, directory and channels can be set for saved force curves.

Saving Settings =

[v][use one folder for all data types| ‘n’homellulEderSJ'jpkdataf H Browse ‘

Image Scans | Force Scans | Force Scan Maps | Real Time Scans | Voltammetry | MicroRheology Scans | Voltage Spectroscopy | STM I Spectroscopy | m=

Filename root: |force-save Save with Scan

Channel Extend Retract Pause
Folder: thomeflueders/jpkdata/ ” Browse Height
(=) Filename-Timestamp Pl dEﬂECFiu"
% Lateral deflection O
() Filename-Counter (1) X position (Tip)
Name no name entry Y position (Tip)

Error signal (|
fuche Lock-in amplitude 2
no probe entry Lock-in phase 2

Lock-in amplitude 3

Lock-in phase 3

output amplification ol
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Extend and Retract of Height and Vertical deflection channels are required data for collection. Other channels can
be enabled if required for the experiment.

Note: during force scanning, the keyboard shortcut Ctrl-F can be used at any time to save the last recorded force
curve. The name and curve settings are all taken from the Saving Settings panel.

6.6.2 Force Scan Series List

& Force Scan Series List

Recent Series

Number of listed entries|T| 2OIT|

|@|E|Series—2012.08.09—10.26.04

|@|E|Series-2012.08.09-10.19.19

b4 |Series—2012.08.09—10.1?.56

X |Series—2012.08.09—10.16.34

Preview

Autosave File Filter
[] Autosave

(®) No Filter
() simple Filter
() Advanced Filter

IE,;] !|
Autosave File Filter
[] Autosave
(®) Mo Filter

() Simple Filter
() Advanced Filter

The Force Scan Series List manages the saving of force spectroscopy
scans.

When a scan has finished, the file is automatically shown in the Force Scan
Series List. Only a limited number of scans are held; older scans are re-
moved automatically as new scans appear. The number can be changed
using Number of listed entries. Note that the more scans you store in Scan
List, the more memory is used.

2

Files with this symbol are not yet permanently saved to the hard disk.
At any time the scan can be saved clicking directly on the icon, or with the
right mouse button on the scan name/number and selecting Save data.

g

Once the file has been saved, it will be displayed with this icon.

|_| The Remove icon clears the image from the software.

If the scans have been saved (either manually or with Autosave), they are still
stored on disk even if they are removed from the list, either by clicking on
Remove or by letting them reach the end of the list. If they have not been
saved, they are lost permanently.

Preview shows/hides the scan in the scan viewer (select the scan in the list
and the name is highlighted with a green box).

Saving settings opens the window for setting the saving directory and channels

Save all saves all the current files in the list

The Autosave File Filter can automatically manage where and whether the
files are saved. Autosave must be switched on for the filter to be used.

If No Filter is active, all force scans are saved using the default settings
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Autosave File Filter
[¥] Autosave

() No Filter
()|Simple Filte

() Advanced Filter

Adhesion Threshold (Retract)

- & ]
Current value:n.a.
(Last - min value in first retract)

Autosave File Filter
Autosave

) No Filter

Simple Filter

() |Advanced Filte
B

Process file:

No process filter

Accepted: 0
Not Accepted: O [ o__.. |
Unclassified: 0 | e |
Total: 0

Autosave File Filter
Autosave

() Mo Filter

() Simple Filter

() Advanced Filter

B

Process file:

filter-process. jpk-procforce

Accepted: 53
Mot Accepted: O [ o___. |
Unclassified: 0 | SIS |
Total: 53

The Simple Filter uses the value of Adhesion that is automatically calculated
for all force curves (see Section 6.5.1). If the Adhesion Threshold is not
reached during retraction, the curve is not saved. Note that the threshold
value set here is an absolute value, even though the adhesion has actually a
negative sign in the retract curve.

The Advanced Filter allows very complex filtering operations, as the full po-
tential of the JPK Data Processing software is used. The analysis must first
be set up in the Data Processing software and saved as a process file. Any
combination of operations can be used for the analysis, but the process must
include one filter operation. The filtering can be on the results of any opera-
tion, or a combination of them. The process must be saved in the normal way,
as if for batch processing, this creates a file with the extension .jpk-proc-force.
Please read the Data Processing manual to see in detail how a process file
can be created and saved.

—

Use Open File to select the DP process file for filtering.

Once the process has been selected, the Process file name is shown in the
panel. Each force curve is processed in the background, and only the results
of the filter are shown:

Accepted is the number of files that have a filter result 1 or true.
Not Accepted is the number of files that a filter result 0 or false.
Unclassified is the number of files that produced an invalid filter result.

Total is the total number of curves saved since Reset was clicked.

Please note that ALL the files are saved. The filtering is complex and happens in the background, so it is a safeguard
that the files can be recovered later if required. The files are saved in subfolders named for the filter results. The typical
case is that two sub-folders are created with the names 1 and 0, where the accepted and not accepted force curves

are saved.

If there is a folder unclassified, then there were unexpected results from the filter (fit did not converge, missing chan-
nels etc.). Open one of these curves in the Data Processing software and apply the saved process file to see what the
problem was. Please note that Reset just sets the counters in the filter panel to zero. It does not create new folders or

change the saved data.
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6.7 Force Mapping

6.7.1 Introduction to Force Mapping

The Force Mapping feature is an extension of the Force Spectroscopy mode. Please read the first part of Chapter
§ 6 to have an overview of the basic Force Spectroscopy features before starting.

t@ Force Mapping

- Select Force Mapping mode from the Measurement Mode drop-down box. The

tip movement in Force Mapping is similar to normal force spectroscopy, but the
measurements are performed over a grid, and the force curves are analyzed to
give a value at each point which creates a number of Force Mapping images.

[ Image viewer - Slope (retrace) :

| Channel || Settings || View |

[ Image viewer - Slope (retrace) : [ Image viewer - Height (retrace)

RMTSTR S [ |

[E Data Viewer - Height (trace)

channel || settings |[ view || Focus |

Although the display in force mapping mode normally shows a grid of filled points,
the scanner performs a single force spectroscopy measurement at the centre of
every pixel.

Values for slope, adhesion and height are calculated automatically from each
force curve (see Section 6.5), and these values are used to generate the image
seen in the Data Viewer. The adhesion and slope information is calculated from
either extend or retract segments, these are shown as height trace or height
retrace channels, for example, in the Data Viewer.

The movement of the tip through the points is always the same, this is not the
same as the trace and retrace movement for imaging. The force mapping exper-
iment is started at index 0 (bottom left hand corner) and proceeds “back-and-
forth” i.e. left to right on the first row, right to left on the second etc. The current
spectroscopy point is marked by a yellow frame.
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| Force Scan Map Oscilloscope HEE

0.5

0.4

03 |

0.2

The force curves are also displayed individually
in the Force Scan Map Oscilloscope. The

s (af@] (=] 1] [E]

Jo4 Horizontal axis

Khax [ | 350] & Jom
q03 xun [ ] 50| & Jom

z channel [Height (meas. smth.) v

force curve for each index can be observed
during the scanning.

0.1

0.0 -

Vertical axis

Chl [Ch2 [Ch3 [Ché4

-0.1}F

Vertical cleflaction: extend (V)

_02 b

-03

_0.4}F

_05 L L L L L L

1°" & cawe  [emearwremen <) INDEX points can also be chosen from old force

S e ijxy }“l =, | Mapping scans, but the map must be selected

1 5 lin = os|alv || in the Map List! If no data is seen in the map
g

Color (extend) [red -

Color (retract) |red-dark ~|

() Show Current

oscilloscope, then check that a map is selected
in the Map List (the selected map is outlined in
green)

) Show Index v ol a

Index Selection|

-50 0 50 100 150 200 250
Height (measured & smoothed) (nm)

. 05 Index Comparison_|

300 350
| Save Analyzed |

6.7.2 The Force Mapping Control panel

Force Mapping Control

KN
Basic Advanﬂj -
Rel. Setpoint | ¥ | 04| alv

Baseline n.a.
Adjust Baseline|1 '|
Z Length | v | l.DI a ||,.lm

Z movement |C0nstant Duration '|

Extend Speed 2.0 pum/s

Extend Time | ¥ | 0.5[als
Ext. Delay v 0.0 T|s
Retr. Delay v 0.0 T|s
Delay Mode |C0n5tant Force '|

sample Rate | v | 2048' a |Hz

Z Closed Loop []

Grid

Square Pixels

Fast v|  100|alm
Slow |T 100 & |pm
X Offset |T 00| a |pm
¥ Offset |T 00| & |pm
Fast Points |T 8l a |
Slow Points |T 8| & |
Grid Angle |T 0| a |deg
Position X: 4,38 prm

Fosition Y -4,38 pm

The Force Mapping Control panel contains the main settings for this mode.

The grid can be shown or hidden during the experiment.

_a The area for the Force Mapping experiment can be updated using the
Data Viewer window, as for normal images (see Section 5.1.3).

Tabs for Basic or Advanced mode offer different control settings for the force
scan movement. These Basic settings are explained in Section 0. For starting
with Force Spectroscopy Maps, Basic offers an easy tool to perform force Maps
including variable approach, delay and retract settings. More complex force
maps can be performed under Advanced. Different types of force segments can
be strung together The Advanced mode is an available Extension and not in-
cluded in the basic software version. These Advanced mode settings are ex-
plained in Section § 8

Grid

The scan region can also be set here, using the Fast and Slow axis sizes and
offsets as for images. Usually, however, the region is set using the mouse in the
Data Viewer, as for image scans. The number of points in the grid can also be
set. The minimum size is 8 x 8 spectroscopy points and the maximum size is 256
x 256 spectroscopy points.

Rectangular grids and grids with different spacing in the fast and slow scan direc-
tions are also allowed, depending whether Square Pixels is enabled.

The total number amount should be considered in limiting the file size, i.e. not just
the grid points but also the number of data points per force curve.
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6.7.3 The Force Map Oscilloscope

[Display | Analyze |

Horizontal axis I
X Max | - 18 um |i|
X Min | > 2jum | a |

| Full Range X I Autoscale XY |

Use linearizing | * Range |

Vertical axis
[chl [[ch2 ['ch3 [ch4 |

Channel |\.-fertical deflection '|
Display |Both v|
Y Max | - 12 b|
¥ Min |+ 12l | a|
| Full Range Y ]
Color (extend) |red '|
Color (retract) |red—dark v|

(3) Show Current
() Show Index v ol &
| Index Selection |

| Index Comparison |

Save Force Scan | Save Analyzed |

In the Force Map Oscilloscope, spectroscopy curves from either the current
measurement or a given index can be displayed. Chose the index (cell) number
and the spectroscopy experiment is displayed in the oscilloscope. Click Full range
X or Autoscale XY to get the force curve properly displayed.

Show current: current spectroscopy data are displayed as the map progresses
Show index: spectroscopy data from other points are displayed.

With Index Selection, the mouse can be used to click on a pixel in the data viewer
to display the corresponding force curve.

The Index Comparison button in this panel opens a special oscilloscope window
where the data from several pixels within a map can be compared.

Note that the force scan map file must be selected and focused in the Map List
(shown with a green frame) to show the force distance curves from completed map
images!

For further information about the tab Analyze see Section 6.5.1.

6.7.4 Data types and file saving

&

E Force Map List

Current Force Scan Map
Show

EAForce Mapping Grid

Recent Force Scan Maps

MNumber of listed entries & S |

Show

%

Old Force Scan Maps

Show

E 8%

The Map List icon can be found on the main shortcut bar across the top of the SPM software. The Map List
is a tool for administering and saving Force Mapping files, and is similar to the Scan List for normal images.

As with the Scan List ( see Section 0 for more details), there are three sections for
the Map List.

The Current Force Scan Map is held at the top, until it is finished. It is then sent to
the Recent Force Scan Maps section. Files here are only held temporarily; the
number of files to hold is set in the text field.

If the Hold function is used, the scans are sent to the Old Force Scan Maps sec-
tion, where they will be held while the software is open. At any time in the Recent
or Old sections, they can be saved by clicking the disk symbol. If the disk symbol
has a red line through it, the files are not yet saved permanently.
enabled, the files are all saved.

If Autosave is

By right-clicking on a particular entry, the file can be selected, saved, or displayed
on the Data Viewer. Files are saved in ascii-format storing all the force curves in a
single file, with the extension *.map_txt

Old scans can be re-opened from the disk. When SPM loads the map file it
calculates the slope and adhesion values to redisplay a force map image.
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Saving Settings Sl 3

¥ Use one folder for all data types [jhome/lueders/jpkdatal [ srowse | Under the Setup menu optlon, SaVIng
Image Scans | Force Scans | Force Scan Maps | Real Time Scans | Voltammetry | MicroRheology Scans | Voltage Spectroscopy | STM IV Spectroscopy | = Settlngs COﬂtI’O'S the defau't SettlngS
o T Btk Bt B for file saving in all formats. Choose
Fotder.  [omenederstpiaaal_arowse ] | et 9 -
Approximate data size T3 | ermemy derechio g o the Force scan maps option to set the
X position (Tip) . .
Hipasitan2 - channels for saving in force maps,
Lock-in amplitude 2 . .
o ph;’slezd along with the default directory and
Lock-in amplitude 3
i o o o filename.
Photon counter 1
Photon counter 2
R Several formats for saving data are
Height (measured) .
Enstostn possible for each force map — the full
Eﬁ:ilililg force spectroscopy curves, or selected
BN 8 B 8 images or text values from analysis
Precision 7
e channels.
Precision 10
Precision 11
Precision 12
High Resolution =
Missing Channel? | §7
6.7.5 Pausing force mapping
Pause Force Scanning In the Force Map Oscilloscope, below the spectroscopy curve dis-
play region, there is a tab button for pausing the force movement
during a map.
|52 Force Mapping Pause =] . . . .
The vertical deflection signal from soft, gold-coated cantilevers tends
The force mapping experiment is paused with the cantilever away from the surface so that the laser
deflection can be realigned. No other settings can be changed until the force mapping is restarted . N . .
from his pan. to change over time, as the cantilevers bend in response to any envi-
MNote that Adjust Baseline should be enabled to take account of large changes in Vertical deflection . .
T 0 T T ronmental changes. This should generally be corrected for by using
et oo the Adjust baseline feature (see Section 0) to adjust the Relative
-1.75 V | Setpoint during the map. For long maps with many pixels, the canti-
||
lever changes could be enough to move away from the center of the
Lateral deflection
-0.15 Vv | detector. The Pause Force Scanning feature allows the map to be

Sum

Restart Force Mapping

[ |

5.25V
[ |

interrupted, so that the detector signal can be returned to the center.
Always make sure that Adjust baseline is enabled first, so that the
new value of Vertical deflection will be accounted for in the Relative
Setpoint.

The software will complete the current force curve movement and
then wait in constant height mode. Check that the piezo is not mov-
ing, and then adjust the Vertical deflection using the normal position-
ing screws.

While the pause window is open, nothing in the software can be
changed, everything is paused waiting for the laser adjustment.
When Resume Force Mapping is clicked, the map will proceed as
normal.
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§ 7 Calibration

7.1 Height calibration
7.1.1 Calibration procedure

Every z-piezo needs calibrating. This is necessary because the relationship between the applied voltage and the piezo
length is not linear and suffers from hysteresis. Users with z-linearization have a separate Height measured channel,
which does not suffer from these problems. Even so, on flat samples it can be helpful to image with a calibrated z-
piezo, using the channel Height instead of the Height measured channel. For height calibration, you need a stand-
ard sample with features of a known height. These can often be purchased from cantilever manufacturers; a range of
different step heights are available. It is recommended that a single user performs the calibration experiment and
gives the calibration value to the others. Due to aging of the piezo material the z-calibration should be repeated
around every 6 months.

First the calibration sample should be scanned, and the step heights measured using the channel Height. These
values can then be used to calculate the scaling factor for the calibration:

Known height of the sample

= Multiplier
Measured height of the sample

Note — it is important to know the calibration used to make the scan of the calibration grid as described above. Gen-
erally the image height channel will include the old calibration, so the Multiplier value above will be a correction factor
(value should be around 1) that should be used to modify the old calibration.

The height calibration menu can be found in Imaging — Calibration Manager. In
= open saved Image the Calibration Manager, the three main panels available are Height, Vertical De-
B scan List flection and Lateral Deflection. Choose Height.

Advanced Imaging Settings
H . Old calibrations can be selected from the dropdown box (here showing DEFAULT).
over Mode Settings

|2 oscilloscope

2 Spec er
*r Calibration Manager

; ;
pogee " | [pEFaurT <) _opencaibiatong The details of the selected file are
aters! deflection shown in the main panel. A calibration
file can be opened using Open Cali-
Filename: Jetc/opt/jpkspm-config-3.0.1/instruments/Cé/calibrations/default.cal bration! WhICh WI” a”OW yOU tO flnd a
rutiplier: - 8154107 calibration file saved on disk.

Unit: m
IComment:  Qriginal JPK calibration for device "C&"

Generally, values are updated using
Edit Conversion, to create a new file
from the old one.

Edit Conversion
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m Edit Conversion In Edit Conversion, the details can be

filename DEFAULT changed. Enter the new value of Multiplier.
Multiplier 0.61939
i o Note — the value of Multiplier here should
Comment always be around 0.6. If it is significantly
Original JPK calibration for device "C&", different from 0.6, probably the calculation was
wrong!
If the Multiplier value is around 1.0, then it is
probably the correction factor that should be
Save Calibration | applied to the old calibration value.

Comments, such as the date and user, or height of the calibration grid can be entered. After clicking Save Calibra-
tion, you will be prompted for a new filename for the edited file.

7.1.2 Hardware z-linearization — Height (Measured)

Generally the JPK NanoWizard® is equipped with a z-linearization. A capacitive sensor continuously measures the
length of the z-piezo. The capacitive sensor can be read-out on monitor channel 3 and is called Height (measured).

The movement of piezo material when a voltage is applied always suffers from some nonlinearity and hysteresis.
Normally, the height of the piezo is taken directly from the voltage applied to extend it; this is the normal Height chan-
nel. When z-linearization is enabled, the capacitive sensor measure the actual current height of the piezo and this
value is shown in the Height measured channel. The calibration of the capacitive sensor for the Height measured
channel is carried out by JPK, and does not normally have to be repeated by the user. The calibration of the Height
channel varies with the ageing of the piezo and should be repeated every six months or so (see Section 7.1.1). Note
that the piezo should be calibrated over the height range that will be most used for imaging; so when the Height
channel is used for small z-ranges, as discussed below, it should be calibrated with the smallest available calibration
standard.

Over small height ranges, the nonlinearity of the piezo material is not very noticeable; nonlinearity is more of a problem
in the Height channel when the range is a significant fraction of the full piezo range. The Height measured channel is
better over larger z-ranges, because it is linear, but over very small ranges the noise of the capacitive sensor is notice-
able, and may be seen in very flat images. So overall, the choice of which channel to use depends on the height range
of the sample topography:

e For flat samples with height features in the range of a few nm it is recommended to choose the Height chan-
nel with a manually calibrated z-piezo, which will have a lower noise.

e for rougher surfaces with height features over 100 nm or in the micron range it is better to use the Height
measured channel to get linear operation over the greater height range.

For non-imaging applications where the piezo makes large movements, it is strongly recommended to use the z-
linearization, since the piezo movements may be in the micron range. Make sure that the linearization is enabled in:

e  Spectroscopy mode
e  Force Mapping mode

e  Sensitivity calibration
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7.2 Sensitivity calibration

The movement of the cantilever is measured by the deflection of the reflected spot position on the photodiode. This
Vertical Deflection value is usually displayed in Volts, and is the difference in voltage between the different sections
of the photodiode. Often this value is sufficient, since the conversion from Volts to an actual deflection distance is
relatively linear across the center of the photodiode. The deflection value in Volts can be used for all the normal AFM
modes and applications; imaging, force spectroscopy etc. For some measurements, however, it is important to know
the deflection of the cantilever in units of length. The most common case of this is for calibrated force measurements,
when both the deflection and spring constant of the cantilever must be known. This may be for force spectroscopy, to
measure the forces of adhesion or mechanical properties of the sample or it may be for contact mode imaging, to know
the exact interaction forces during imaging. In intermittent contact mode this conversion from Volts to nm can also be
important, if it is necessary to know the physical size of the oscillation amplitude.

The conversion factor from Volts to nm for the deflection of the cantilever is usually called the sensitivity. It depends
on the type of cantilever and how it is mounted, so the measurements must be repeated each time a cantilever is
mounted or re-mounted. The values will usually be similar, however, for identical cantilevers mounted a similar way.

The sensitivity is measured by doing a force curve on a hard surface, and looking at the deflection of the cantilever
when it is in hard contact with the sample. In this region of the force curve, the movement of the piezo should corre-
spond with the deflection of the cantilever, since the tip and sample move together. The plot of the deflection versus
distance should have a slope of 1 in this region, and the piezo movement is used to calibrate the measured deflection.
These force curves in hard contact with the surface have the potential to damage the tip, however, so this procedure is
often carried out at the end of an imaging experiment.

1; Force Spectroscopy = To measure the cantilever sensitivity, it is necessary to first perform a
force distance experiment on a hard clean surface, such as glass or

EI Force Spectroscopy mica.
E Imaging Select Force Spectroscopy (make sure that z-linearization is ena-

bled).

P -
Force Mapping
e Approach the cantilever onto the hard surface (using contact

Force-Spectroscopy mode).

= . )
= Force Scan Series List e Perform single or multiple force-distance curves as in Chap-

|\~ Force Spectroscopy Oscilloscope ter§6

t . .
It Force Time Oscilloscope . I .
P The height calibration menu can be found in Force- Spectroscopy

# Advanced Force Settings — Calibration Manager. The panel Vertical Deflection should be
<m selected by clicking on the far left of the window. The tab Sensitivity
should be displayed by default. If the sensitivity has not yet been
measured, the Sensitivity value is set as UNKNOWN.
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m Calibration Manager

= =L When the Calibration Manager
eight Sensitivity | Spring Cunstant‘ h =
ertical deflection L 04 0.4 .
Lateral deflection || G UNKNOWN opens, the latest force-distance
B n | curve is automatically loaded.
0.2 | 0.2 :
sna | Accept vale | The trace value of the Vertical
” ' = Deflection is plotted in red and
2 | | retrace in blue. The full curve can
s | 1., 2| be displayed in the plot window
g \ = i e 1 using Full Range X and Full
2 ]w: °| Range.
It is often helpful to zoom into the
[ FulRange v 06 108 )
| FulRangex | select x Range steep repulsive part of the curve
s , ‘ ‘ , , ‘ s using Select X Range.
=}, 0.0 Q.5 1.0 15 2.0 2 3.0
Height (measured and smoothed) (um)
Manual Sensitivity Selection ‘ ‘ Select Fit Range ‘
Only the steep repulsive part of the force
y curve is used for the sensitivity measure-
| fSenswtlwty rSprlng Constant | M 04 oy
) UNKNOWN ment. A larger scale can help with choosing
O nmp e s
T a3 15 a good sensitivity value. For Select X range,
s LuAccept value 4 the new range is defined by clicking and
SERCC 1°¢ & dragging in the plot area with the mouse.
= e
G {-02 = Once the display is convenient for the par-
g E ticular force curve, use Select Fit Range
B 1E 3 . .
o ®* 7 and click and drag on the plot to set a region
s 1 os for a linear fit of the retract curve. These
[ Full Range ¥ options are also available in the right-click
[ Full Range X Select X Range e ; ; ‘ ‘ ; ; o mouse menu.
-100 -50 ] 50 100 150 200 250
Height (measured and smoothed) (nm)
Manual Sensitivity Selection H Select Fit Range
rSensthty rSpr\ng Constant | : 0.4 . _ (o b H
M \,\ Only the linear part of the curve should be
¢ r21zjmnvelsed chosen for the sensitivity fit. Check that the
Use linearizing 0.2 q0.2 I
s 72,1 nmpv [ Accept value | red fit line accurately represents the steepest
s oo loo linear region of the force curve, or change
2 = the fit region to improve the results. The
5 = 122 2 slope of the line is automatically transferred
g 2  to the left hand part of the panel, but is only
2 o4 +4-04 g
permanently stored once Accept Value has
been selected.
-0.5 1-08
‘ Full Range ¥
| FulRange X | Select X Range \ If the force curve is very linear, as in the
e ‘ : ‘ ‘ . ‘ i
I oo example here, fitting should be the best way
Manual Sensitivity Selection H Select Fit Range to measure the SenSItIVIty'

NanoWizard® AFM User Manual

Version 4.2 97



JrPIC

Instruments

Nanotechnology for Life Science

(Sensitivity rSpring Constant |

®

Use linearizing

s n.a.

rSensitivity rSpring Constant |
O UNKNOWN

(@)

Use linearizing

s n.a.

(Sensitivity rSpring Constant |
O UNKNOWN

(@)

Use linearizing
s: n.a.

Typical sensitivity values are in the range 30-100 nm/V.

f Sensitivity r Spring Constant ‘ »
(%) UNKNOWN

@ nmA/

Use linearizing

5 75.2 nm/V Accept Value

‘ Full Range ¥ |

‘ Full Renge X | Select X Range

wDeflection extend (V)

3.00 nmM

0.4

0.2

o
=1

(=)
N

=3
s

0.6

It is also possible to manually select a sensi-
tivity using the Manual Sensitivity Selec-
tion button. This may be more helpful if the
curve is less "ideal" and does not have such
a clear linear region.

In this case, when the mouse is used to click
and drag on the plot area, a straight line is
plotted between the points (black line in left
panel). The slope of this line is used for the

|
|
=)
i

(A) 12B4120 UONIB| A

. ‘ . ‘ . ‘ . s sensitivity. Select a best fit straight line
e o e S | through the steepest region of the repulsive
| Manual Sensitivity Selection H Select Fit Range ‘ part Of the curve.

| Accept Value |

63.00||an:| use it

| Accept Value |

63.00 |nmpviv use i

| Accept Value |

When a line is drawn or fitted, the slope is used to calculate the sensitivity value
shown in the left hand part of the window (here, s = 34.1 nm/V). The value is not
used immediately, since the user may wish to redraw the line. When you are
happy with the straight line fit, click Accept Value to store and be able to use the
sensitivity value.

A sensitivity value can be stored with the scan or force data without actually being
used directly in the SPM software to display the deflection values in units of length
rather than Volts. When use it M is ticked, then wherever the vertical deflection is
used in the software (contact mode setpoint, intermittent contact mode amplitude,
force spectroscopy axes etc.) the value is now displayed as nm rather than V.
When use it is unticked, these values are all displayed in Volts, but the sensitivity
value is still stored for use later, and saved with the files. Note: use it must be
ticked to proceed to the thermal noise measurement of the cantilever spring con-
stant, as it is important to know the deflection in nm for this measurement.

If for some reason you want to discard the measurement (e.g. after changing the
cantilever), UNKNOWN can be reselected, and the values will be disregarded.

If the value lies significantly outside this range, it may be

worth checking that everything is set up alright (see Section 4.2 for details of adjusting the optical detection path).

The Sensitivity measurement is the first stage in the thermal noise measurement of the cantilever Spring Constant.

7.3 Spring constant calibration (thermal noise measurement)

7.3.1

General information

Most suppliers of cantilevers deliver data sheets with their cantilevers that state the approximate spring constant.
Usually this has been calculated from the cantilever shape (length, width, thickness). The spring constant is very sen-
sitive to the thickness of the cantilever, however, and these quoted values are usually not very reliable. The range of
values quoted by the supplier should give some idea of the variability, but generally the spring constant is not known

within a factor of 2 or 3.
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If you wish to know the spring constant more accurately, for quantitative force experiments, it should be measured in
some way. Within the JPK SPM software there is the option to measure the spring constant for softer cantilevers using
the thermal noise method. This allows an automatic measurement and calculation for cantilevers with resonant fre-
quencies up to 400 kHz, which covers nearly all “contact mode” cantilevers used for force spectroscopy. The method
used is based on this paper: Hutter, JL and Bechhoefer, J. “Calibration of atomic-force microscope tips” Rev. Sci.
Instrum. 64: 1868-1873 (1993). For more information about cantilever spring constant calculation see the NanoWizard
AFM Handbook, for example, for information on using a reference cantilever to calculate the spring constant.

7.3.2 Spring constant measurement

The thermal noise method relies on measuring the thermal fluctuations in the deflection of the cantilever, and using the
equipartition theorem to relate this to the spring constant. Essentially, the thermal energy calculated from the absolute
temperature should be equal to the energy measured from the oscillation of the cantilever spring. See the Hutter and
Bechhoefer paper for the assumptions and conditions of these calculations. Since the deflection must be measured in
units of length, the Sensitivity must first be measured, as described in Section 7.2.

[ sensitivity [ Spring Constant | N 0.4 ; 104 If the sensitivity has just been meas-
) UNKNOWM \ . .
o muzpm@ised \ ured, the Calibration Manager should
MUselinearzing B2 y % be open on the Sensitivity panel.
st 72.1 nmM/ ‘ Accept Value ‘
s oo {00 ¢ Check that the value is displayed in
E = the text box, and use it M is selected.
2 {-02 3
g : Then click on the tab Spring Con-
S o4 1-04 = stant.
-0.6 4-0.6
‘ Full Range I
‘ Full Range X I Select X Range \
oe ‘ . . . . ‘ i
-100 -50 Q 50 100 150 200 250
Height {measured and smoothed) (nm)
| Manual Sensitivity Selection I ‘ Select Fit Range |
anager lel ] | o |
| rSensltMty rSprlng Constant ‘ : 10 _.1/F) CI|Ck RUI‘I or COntinUOUS (in'
_m i finity symbol) to start the measure-
[ Fit Values |"Settings | . - ment. If continuous is chosen, each
i data packet is added together until it is
Q na
A na o e 2 clicked again to stop. If Run or contin-
o m .
K E 2 uous are started again, the data pack-
ertical ki n.a 5 3
i g £ ets are added. Reset erases all the
pt Value § 4 14 =
" - stored cycles from the memory to start
, , a new measurement.
[IRCHIEESEPSw Note: the cantilever must be retracted
| Full Range X ] Select X Range 0 ; ; ; ; } } } 0 ., /
T T T T T from the surface for this measurement!
Freauency (2 If the Run buttons are grey and inac-
seeciiiionied | iund |od Licld tive, check that the piezo is retracted.
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ELELLTS

rSensthty rSprlng Constant ‘

b M 20
(&) UNKNOWN
Mfm 70
Fit Values | Settings |
. na 60
Q na
A na = 50
K na :Ez 0
ertical K n.a. =
&
Accept Value =
£ 2 30
o
20
I Full Range ¥ ] el
| Full Range X | Select X Range
0 L L I L L

. . \ \
10 12 14 16 18 20
Frequency (kHz)

| Run || Reset

x

(ZH / cwich) e1Ep UL

L 70
50
Fit Values | Settings |
i 10.03 kHz
50
Q. 2.036x10
A 366.4 fmiHz T
2e 40
K 0.0827 N/m "‘E
&
ertical K 95.57 mM/m / 0
i g 30
ccept Value §
©
20
10
| Full Range Y ]
| Full Range X 1 Select X Range
0 L

2 4 6 g 10 12 14 16 18 20

Frequency (kHz)

Select Fit Range || Run |E|[ Reset |

(2H / zwd) eyep up

The result should be a frequency spec-
trum like one shown in the figure to the
left. Click Full Range Y to see the
whole spectrum. The spectrum should
show a peak at the cantilever reso-
nance frequency.

It is possible to save the frequency
spectrum, clicking the right mouse
button and selecting Save. Data are
saved in ascii-format as *.tnd file.

If necessary, zoom into the peak by
right-clicking in the plot area and
choosing Set X range. The new range
is defined using click and drag.

The resonance must be fit with a Lo-
rentz curve. The range for the fit can
be defined using right-click and Select
fit range. Click and drag in the plot
area to define the data range for fitting.

The curve calculated for the fit is plot-
ted in red, so you can check that the
curves agree well.

In this example, the fit algorithm has
determined the resonance frequency
of the cantilever and calculated its
spring constant to k = 0.0927 N/m.
This spring constant k is a property of
the used cantilever and should be in
the range of the nominal value that is
quoted by manufacturers.

The tilt angle of the cantilever is important as well. SPM software takes into account of the normal 10 degree tilt (see
Section 4.2.1) and calculates the vertical component of the spring constant as a vertical k for the experiment. There-

fore the used vertical spring constant is k = 0.0956 N/m in the example given.

Several other values are used for the calculation, they can be found in the Settings panel:

e Temperature (note that ambient temperature differences of a few degrees do not strongly affect the spring
constant calculation).

e Cantilever Angle: if an additional tilt angle is known
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As for the Sensitivity (see Section 7.2), vertical k must be accepted before it is used by the software.

The round radio buttons enable the user to use or “forget” a spring constant measurement, as for the sensitivity.
When UNKNOWN is selected, any value in the text box is disregarded. When the text box is selected, the calculated
spring constant value can be used (with Accept Value), or another number entered manually. If for some reason you
want to discard the measurement (after changing the cantilever, for example), UNKNOWN can be reselected, and
the values will not be used.

If the fit is reasonable, as in the above example, click Accept value and activate the tick button M Use it. The spring
constant is now applied in the rest of the software. In the Spectroscopy window the y-axis (vertical deflection) will
now be displayed in units of force (nN). In Contact mode the value of the Setpoint is also displayed as a force.

Besides k (the spring constant), the fitting algorithm also calculates some other useful values: f is the resonance
frequency, Q is the quality factor (Q-factor), A is the integrated amplitude of the resonance.

Typical values for the Q-factor are a few hundred in air, and around 1-3 in liquid.

Note that there are differences in the way the “spring constant”, or k, is calculated or measured, which are beyond the
scope of this manual to discuss in detail. One difference is between the dynamic value calculated here using the
thermal noise, and the static value such as when a large-range force curve is performed. Another difference is be-
tween the spring constant quoted by manufacturers, which is measured or calculated perpendicular to the cantilever,
and the value Spring Constant calculated here, which takes account of the fact that the cantilever is mounted in the
AFM head at a 10 degree angle to the sample.

Sometimes when the fit range has been selected, a red curve is not seen and
this warning message may occur. This means that the frequency peak or choice

] Function fit did not converge. Please try again.

oK of fit range was not appropriate, and either the measurement or the fit must be

repeated.
o T° Note: caution must be used when fitting values for the spring constant, and the
L = fit must be compared with the curve to check it is appropriate. The example

here shows a bad fit curve that would not give a warning message, but where
the fit algorithm has found another peak that does not represent the cantilever
resonant frequency.

average (pm? [ Hz)
w
o
&
o
(ZH [ cwd) e32p 3y

10 +10

In this case you must select a better fit range.

L S e s e S s
10 15 20 25 30 35 40 45 50 55
Frequency (kHz)

7.3.3 Using thermal noise to calibrate soft cantilevers in fluid

The most accurate spring constant determination using the thermal noise method requires that the calibration is per-
formed in air. However, this will not always be optimal. The thermal noise detection method can also be used in fluid,
but there may be additional complications, particularly with very soft cantilevers.
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o 17 The spectrum to the left is representative of a soft (0.02 N/m) cantile-
ver in air. There are three visible peaks in this spectrum, corresponding
to the resonance (at around 4 kHz) and the first and second harmonic.

average (am? / Hz)
(zH / zwid) B1ep 1}

[ Al o
0 10 20 30 40 50 50 70
Frequency (kHz)

Select Fit Range || Run ||Z|| Reset |

0 1°° When the same cantilever is immersed in a fluid each peak is damped,
200 1200 reducing both amplitude and frequency. The resonance of the cantile-
ver is now extremely low, and it can be difficult to fit the curve properly.
At lower frequencies these curves are also more susceptible to noise.
In this case the user may wish to fit the second peak (or first harmonic)
% 17° to get a better fit. However, if this is done a correction factor must be
R e T used. In this case the spring constant would be correction factor*spring
constant determined using the fit in the SPM software.

average (pm? / Hz)
(2H / cwd) B1Ep 1L

Frequency (kHz)

[select Fit Range || Aun |[ o || Reset

[ Fit Values | Settings | Please note that for the higher peaks (overtones), the correction factor

Temperature |EE|C is not 1.0!

Cantilever Angle = 10° + . . \ .
9= For further information about correction factors see the NanoWizard®

Handbook.

[l use correction factor

Corastion Fator

For rectangular cantilevers the correction factors have been described by Butt and Jaschke (Butt and Jaschke, 1995
Nanotechnology 6: 1-7).

And for triangular (MLCT type cantilevers) by Stark et al. (Stark et al., 2001 Ultramicroscopy 86: 207-215)

Peak Correction factor Comments
1 0.817 Generally used
Used when first reso- Example correction factors for rectangular
2 0.251 nance frequency is too cantilevers from Butt and Jaschke (1995).
low
3 0.0863 Not generally used

Note that these correction factors are only valid when the laser spot is positioned on the cantilever tip. The correction
factors and sensitivities are changed if the laser spot is moved towards the cantilever chip. Especially for higher modes
(2”d and higher peaks), the calculated spring constant is changing drastically by moving the laser spot along the canti-
lever.

When using very soft cantilevers in liquid, the determination of the spring constant can be problematic. The best way is
to calibrate such cantilevers air. In case that the cantilever is coated with substances like proteins, which must not
dehydrate, either higher modes of the thermal noise spectrum in combination with corresponding correction factors can
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be used (as mentioned above). But then be aware that the determined spring constant can deviate drastically with
changing laser spot position. Another way could be to determine the spring constant of the clean cantilever in air using
the resonance peak. In air, the resonance peak should be high enough to be clearly distinguishable from the low fre-
quency noise. Note the spring constant value and coat the cantilever, e.g. with the protein of interest. Determine the
sensitivity anew when starting the experiment (in liquid), use it and type the spring constant determined in air manually.
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§ 8 Available Software Extensions

The standard software version can be extended by a variety of additional features in order to enable specific meas-
urements. These additional extensions must be purchased separately and allow a powerful extension of the capability
of the standard software. You can see which Available Extensions are included in your personal SPM software, from
the main drop-down menu at the top of the window Help — Info. The most common Available Extensions are ex-
plained in this chapter. Some of them are add-ons or accessories to the Measurement modes , but there are also addi-
tional Feedback Modes and Measurement Modes available.

8.1 Quantitative Imaging™

Quantitative Imaging™ (QI™) is a force spectroscopy based imaging mode. Please read Chapter § 6 to get an
overview of the basics of force spectroscopy mode and settings. Similar to Force Mapping, a whole force curve is
measured at every pixel of the selected sample region. The main difference lies in the algorithm of the tip motion and
the sample rate which both allow a higher scan velocity. Finally, QI™ mode gives quantitative data in the form of
height, adhesion and slope images in high resolution. Additional channels can be calculated using the JPK Data Pro-
cessing Software.

l“‘”ce Spectroscopy ¥ QI™ mode can be chosen in the Measurement Mode drop-down
; menu. Select the Quantitative Imaging option.
Elmaging

Et Force Spectroscopy

Upon changing to QI™ mode, the corresponding data viewers (Data
X Viewer and Quantitative Imaging Oscilloscope) as well as the
LE Fotce Menphg Quantitative Imaging Control panel will open.

—
2 Manipulation
@ Quantitative Imaging

le-\.#oltage Spectrokopy

Window The Quantitative Imaging pull down menu appears in the menu bar.
r All necessary windows concerning QI™ mode can be opened from
B 5can List this menu.

5 Quantitative Imaging List

|\= Quantitative Imaging Oscilloscope

#. Advanced Quantitative Imaging Settings

Before starting a QI™ measurement, spectroscopy and imaging settings should be adjusted corresponding to cantile-
ver and sample as explained in the following sections. Generally, to start a measurement, the Cantilever needs to be in
approached to the sample (idle mode).
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8.1.1 Data Viewer

IE Data Viewer - Height (measured) (trace)

‘ Channel || Settings H View H Focus H Line Viewer ‘

v Relative Color Scale

v Show Background Pattern

Show Manipulation Pattern

Select New Scan Region
Rotate

Zoom

Shift

Measure Distance
Select Cross Section

® (Quantitative Image Map Single Index Selection

Clear Selection

Focus

The Data Viewer has the same function as in all other imag-
ing modes. Please read Section 5.1.2 for detailed infor-
mation.

In QI™ mode, there are four channels available: Height,
Height (measured), Adhesion and Slope. These four chan-
nels are online calculated from the force curves. Please read
Section 6.5.1 for more information. The Height, Height
(measured), as well as Slope are calculated from the extend
curves, the adhesion channel from the retract curves.

The menu, which appears upon right-click within the Data
Viewer, contains basically the same options as for all imaging
modes. QI™ additionally provides the option Quantitative
Image Map Single Index Selection. This option allows a
display of an arbitrary force curve of an pixel which can be
selected by mouse click directly into the active image (Sec-
tion 8.1.2). This is normally the current scan region. Another,
previous image can be activated by clicking on the scan in the
Quantitative imaging list.
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8.1.2 The Quantitative Imaging Oscilloscope

I\~ Quantitative Imaging Oscilloscope

EEE) I .
» B e The AQuantitative Imaging
Oscilloscope plots the force

Vertical deflection: Extend (ni)
=
@

_20 |

-

-22

Horizontal axis — curve of each pixel/index. The
I [ Displ |p llows the ad
= = isplay panel allows the ad-
Ly b 2] jom . play p
Ficlizansl (toloht (meas smith )8 justment of the force curve
{-14 g |Vertical axis . .
2 |(ch1 [Chz [ chs [cha display (Section 6.1.2).
4-15 ﬁ Channel ertical deflection "
| . 2 [ “|  When the Show Current op-
S |vMex (= 10[ 4 oy . .
Jar B frwn = =|am | tion at the bottom of the Dis-
|, 3 |[@reed == -] play panel is enabled, the force
~ |Color (retract) | W red-dark - . X
| . ) show Current curve of the current index is

(5) Show Index - osge| a | : .

155 —— displayed. Show Index gives
the possibility to select a pixel

directly within the active image

S 0 2 4

6 10 14
Height (measured & smoothed) (nm)

L
18

' or to type an arbitrary index
position to display the corre-

sponding force curve.

The Analyze Panel displays the calculated values for Slope, Adhesion and Relative Setpoint Values (see Section
6.5.1). If the fit length for the Slope linear fit is changed during imaging, the Slope image is updated from the next line.

8.1.3 The Quantitative Imaging and Scan control panel

Quantitative Imaging Control

@\

<

Baseline -17.07 nN

Setpoint | > 2.0 a ‘HN
Z Length I v 30| & \nm

Extend Time [T 10,0 &
Retract Time | v 10,0 & ‘ms

Grid
Square image

Fast \T 2001 & \um
Slow {" 20,00 & lum

X Offset v 0.0[ & |um
Y Offset > 0.0] & |um
Pixels 512 %512 H

[ Advanced Settings l

Grid Angle [ v | DIZ‘deg

The Quantitative Imaging Control panel on the left side contains all
main settings for running a QI™ measurement.

The Setpoint, Z Length, Extend and Retract Time can be directly typed
into the corresponding text fields. They should be optimized correspond-
ing to the sample.

The Scan Control/ Grid panel defines the position and resolution of the
scan area (see Section 5.1.3).

Under Advanced Settings, even more parameters, which can be adjust-
ed, are available (Section 8.1.4).
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8.1.4 Advanced Settings

Open the Advanced Settings window using the Quantitative Imaging pull down menu in the main menu list or by
clicking the shortcut button in the Quantitative Imaging Control panel. The standard settings meet the requirements
of a wide range of samples. However, very delicate and challenging samples need further adjustment of scanning

parameters.

* Advanced Settings

Extend and retract rates

Use the same rate for extend and retract
Update Time or Speed |Constant Duration '|
Extend Sample Rate | v 50| a |kHz
Extend Time v 1.0 & |ms
Extend Speed | b BD.DI N |pmfs
Retract Sample Rate | v 30| A |kH2
Retract Time | v 1.0 & |ms
Retract Speed | v BD.DI EN |pmfs
Add. Retract | » 10.0| & |nm
Motion Time | ¥ 0.1 & |ms
Acceleration | v 0.1 & |ms
Baseline -15.08 nMN

Adjust Baseline Il '|
MNext Line Delay | v 10.0| & |ms
Next Line Retract |w| 100.0[ 4 |nm
Mumber of collected pixels

While extending 50

While retracting 50

Time for Image 131,15 min

Additional Retract ; \
I

B nEET |

Motion Time
Acceleration

Height

Time

Y ——
/7 X movement
7 (next pixel)

If Use the same rate for extend and retract is enabled, the Retract
Sample Rate automatically updates if the Extend Sample Rate is
changed and vice versa. Extend/Retract Speed, Z Length (Ql
Control Panel) and Extend/Retract Time depend on each other.
Update Time or Speed helps either to maintain the duration of a
segment (Constant Duration) if the speed or z length is changed, or
to maintain the speed (Constant Speed) if the duration or z length is
changed. The Sample Rate determines the number of collected
pixels per second. It should be sufficiently high to detect all features
within the force curves. Reducing the Sample Rate helps to reduce
the amount of data.

The relevance of Add. Retract, Motion Time, Acceleration, Next
Line Delay and Next Line Retract is explained by the drawings
below.

The Baseline function automatically corrects for vertical drift. Please
read Section 6.2.1.

This sketch shows a plot of the piezo height
(green) and x movement of the piezo/cantilever
(blue) over time during a QI measurement. The
round caps in the height signal between two force
curves represent schematically the x movement
from pixel to pixel. The shape of these caps can
be adjusted by Additional Retract, Motion Time
and Acceleration. Reducing these values in-
creases the scan rate. Generally, the scan rate
concerning the x direction is limited by the height
contrast of the sample and the mechanical prop-
erties of cantilever (spring constant, resonance)
and sample (stiffness, slackness, stickiness, e.g.
probe-sample interaction).

Movement to
next pixel

Faorce curve

y

Note: To avoid lateral forces during imaging the z length plus the additional Retract have to be larger than the height of

the expected sample feature.
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8.1.5 QI™ data types and file saving

The Quantitative Imaging List icon can be found on the main shortcut bar across the top of the SPM

software.
' B Quantitative Imaging List (=[5 X/ Managing, saving and removal of images using the Quantitaive Imag-
Current Quantitative Image ing List is complementary to the Scan List described in Section 0.

Show
[¥|Quantitative Imaging Grid

Recent Quantitative Images
Number of listed entries & =) |

Show S
Hold [Map 2

.
Old Quantitative Images
Show

& &

Open the Saving Settings menu under the Setup pull down menu. Data saving works similar as described in Section
3.2.8. Choose the register card Quantitative Imaging to set the channels for file saving.
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Saving Settings for Contact Mode = (=3

[Juse one folder for all data types |fhomefluedersf]pkdatafDNA-Gitterfl0_1_2012IHDHGitter2f H Browse J

Real Time Scans | Voltammetry | Temperature data | Quantitative Imaging | Voltage Spectroscopy | STM IV Spectroscopy |

Image Scans Force Scans Force Scan Maps
Filename root: |qi Sawve with Scan
Channel Extend Retract Pause
Folder: ome,’luedersﬂpkdatal]” Browse Height
X R Vertical deflection
Wpproximate data size: 3.3 Gb| s e 0 0 0
Wwpproxmate image file size: 4.2 Mb| || % position (Tip)
2 Y position (Tip)
Name no name entry Error signal =] o [l
Probe Axis 4 =] O [
ne probe entry Precision 5 ]| [F] [F]]
Precision & [ a O

Photon counter 1

Photon counter 2

High Speed 2

High Speed 2

High Speed 4

Precision 3

Precision 7

Precision 8

Precision 9

Precision 10

Precision 11

Precision 12

High Speed 1

High Resolution

Comment Axis 5

no comment entry Axis B

Axis 7

Axis 8

Capacitive sensor X position
Capacitive sensor ¥ position
Height (measured)
Photo Sum

Channel Image Image
Extend Retract
Height (measured)
Height
Adhesion
Slope
Select all | ‘ Select all

oz
iz

Missing Channel?

QI mode provides two data types. The raw files, containing all force curves, are saved as jpk-gi-data files. The force
curve channels Height, Vertical Deflection and Height (measured) are essential for data collection and are saved by
default. Other channels can be enabled if required. The mere image files, containing the results of online data analysis
(Height/Height (measured), Adhesion and Slope), are saved as jpk-gi-image files. The corresponding channels for
saving can be found in the lower part of the Saving Settings window.

8.2 DirectOverlay™ - importing calibrated optical images

The direct comparison of images acquired with AFM and light microscopy shows that features in the two types of im-
ages do not have exactly the same dimensions. In the case of images acquired with the JPK NanoWizard®, one can be
sure that the dimensions are correct, due to the precise positioning enabled by the use of linearized piezos. The differ-
ence between the two images is due to aberrations arising from the lenses and mirrors of the light microscope. With
this in mind, the DirectOverlay™ software uses the automatically recognized cantilever position to map the optical
image and calibrate it before importing the calibrated image into the SPM software. This optional feature can be used
for online comparison of AFM and light microscopy images during imaging, or for precise offline overlays.

8.2.1 Image focus for optimal tip location

Recognition of the cantilever position is used in the optical image calibration procedure. This has a strong advantage
that the transformation between optical image pixel coordinates and AFM scan coordinates is calculated using only the
cantilever images, so the colocalization of the optical and AFM sample features is independent information. The only
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exception is for the final shift of the optical image to correct for the unknown cantilever tip position. All the magnifica-
tion, rotation, stretching and nonlinearity, however, are calculated solely from the cantilever images.

The cantilever is automatically recognized from each optical image, without needing to input on cantilever angle, shape
or magnification. This requires that there is a good contrast for the optical image of the cantilever. Under normal im-
aging conditions the optical contrast is enhanced to give the best sample image, so the automatic routine could be
confused by sample features and not properly recognize the cantilever. Therefore it is best to optimize the illumination
and contrast for the cantilever before starting the calibration. This can be easily done by changing the condenser
illumination settings, e.g. in optical phase contrast, change to bright field illumination (as shown below), or for DIC
mode, slide the polarizer out of the illumination pathway. These changes do not affect the optical imaging path, and
hence the calibration is unchanged, but the cantilever contrast is enhanced relative to the sample. The illumination
can be changed back at the end of the optical calibration procedure to give an image with good sample contrast for
importing.

Phase contrast illumination Bright field illumination — same region, contrast is better
for optical calibration

A slight movement of the focus position can also be helpful. Adjust the fine focus so that the tip of the cantilever is
sharp. The focus can be moved a few microns back to the sample level to take a sharp sample image for import.

8.2.2 Coarse alignment with optical image

The Direct Overlay feature is enabled by the linearized x and y piezos. As such, the calibration procedure can be car-
ried out on an area up to 100 pm x 100 um (the piezo range of the NanoWizard). The optical image is extrapolated to
50% larger than the calibration area, i.e. maximal region 150 pm x 150 pm. When using higher magnification objec-
tives (63x and 100x) it will be necessary to reduce the size of the area to be calibrated below 100 um, since part of the
AFM region may be outside the optical field of view.

To ensure that the appropriate area is calibrated, the user should initially make a coarse alignment of the area to be
scanned using the AFM with an appropriate area within the optical field of view. Approach to the surface as normal
and use the optical microscope to find the region of interest for scanning.

If the JPK FireWire camera is being used, start JUnicam by clicking on the camera icon.
@ If another camera (e.g. specialized fluorescence camera with separate software) is being
used, start its software to get a live image of the optical field of view.

E} The Outline tool can be helpful to show the scan area and move either the sample or the
cantilever until the scan area is within the interesting region of the optical image.
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The safety distance between the tip and the surface depends on the approach Target
Height (see Section 4.5). Make sure there is enough safety distance for the sample or tip

movement. If necessary, move the motors up say 10-20 um to make a large movement,
and then re-approach before performing the optical calibration.

System Status

User kate

Sum 1.37V

Lateral Def  -0.14V

Vertical Def 640 p

Status
Saving off

Accessories

Mgl CCD Camera
DirectOverlay Optical Calibration
&) Import Optical Image
H= Pump Control
¥ FluidicsModule
Temperature Controllers
Voltage Output Settings
=% ExperimentPlanner

=]

8.2.3 Automatic calibration

To check that the instrument is in the right mode check the system
status window. It will indicate whether the system is in Z Piezo
Retracted mode. If the system is in Imaging or Idle mode (in
contact with the surface), just click retract once to sit at the top of
the piezo.

To start the calibration procedure, select the Accessories pull-
down menu at the top of the screen, and then click on DirectOver-
lay Optical calibration. There are a number of panels to lead the
user through the procedure.

If one of the JPK supported Fire wire cameras is used with the
JUnicam software, then the images are automatically transferred
from the camera to the SPM software, which is the most conven-
ient method. Other advanced cameras, which have their own
software and computer, can also be used. Any system that can
acquire cantilever images and export them as regular graphic files
(TIFF, JPG, BMP or PNG) can be used for the calibration, manual-
ly transferring the images to the correct folder on the AFM comput-
er. See Section 8.2.5 for the manual calibration procedure.

Once the image collection is started, all the images will be saved automatically. Therefore it is important to adjust the
illumination and focus (see Section 8.2.1) before starting.

- Optical‘l‘mage Calibration

Size of the calibration area

The initial panel allows the user to select the Size of the
calibration area (default full piezo range). This should be
reduced for high magnification objectives. The calibration
region is always centered within the xy piezo range.

The Data directory for the calibration images and data is

Width: (= 100.0]
Height: [+ 100.0
Data directory: /home/kate/jpkdatajoptcal-2006.11.06-16.07.07

automatically generated, with a date-time stamp. This can

Automatic image acquisition

also be edited.

Automatic image acquisition can be used for cameras
with the JUnicam software. This should be switched off
for external cameras with separate software - see Section
8.2.5 for manual calibration.

Click Continue to start image collection.
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m Optical Image Calibration - Collect Images BEiE

Index | Filename X [um] ‘ ¥ [um]
0 optcal-00.jpg -35.00 -35.00
1 optcal-01.jpg -17.50 -35.00
2 optcal-02.jpg 0.00 -35.00
3 optcal-03.jpg 17.50 -35.00
4 optcal-04.jpg 35.00 -35.00
5 optcal-05.jpg -35.00 -17.50
& optcal-08.jpg -17.50 -17.50
7 optcal-07.jpg 0.00 -17.50
8 optcal-08.jpg 17.50 -17.50
optcal-09.jpg 35.00 -17.50
I—— Bs00 oo
3 -17.50 0.00
2 0.00 0.00
3 17.50 0.00
} 35.00 0.00
3 -35.00 17.50
3 -17.50 17.50
f 0.00 17.50
3 17.50 17.50
3 35.00 17.50
20 -35.00 35.00
21 -17.50 35.00
22 0.00 35.00
23 17.50 35.00
24 35.00 35.00

L — o ——
w}m‘e the images are w

@ Optical Image cCalibration - Locate Tip Positions

| Index

| Reference | X [Mm]

¥ [um] ‘ Pixel X | Pixel ¥ |

0

R

]

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

-35.00

0.00
17.50
35.00
-35.00
-17.50
0.00
17.50
35.00
-35.00
-17.50
0.00
17.50
35.00
-35.00
-17.50
0.00
17.50
35.00
-35.00
-17.50
0.00
17.50
35.00

-35.00
aise e _ws > L
-35.00

-35.00
-35.00
-17.50
-17.50
-17.50
-17.50
-17.50
0.00
0.00
0.00
0.00
0.00
17.50
17.50
17.50
17.50
17.50
35.00
35.00
35.00
35.00
35.00

Click ‘Calibrate' to calculate tip positions

This panel needs no input from the user when automatic
calibration is being used. In this case, the tip moves auto-
matically to each of the 25 grid points, and an image is
transferred automatically from the camera. The size of this
grid corresponds to the size of the calibration area selected
in the first step of the procedure.

Since each image is saved, it is displayed in the calibration
window and the Filename will appear in the list. These
files are automatically saved in the Data directory.

The X [um] and Y [um] values correspond to the cantilever
position, where (0,0) is the center of the X,Y range.

While the images are still being collected there is a mes-
sage at the bottom of the panel. Once all the images have
been collected, click Continue.

The next step is to locate the cantilever tip position in one
reference image. Select an image from the list, and enable
the Reference tick box.

The image will be displayed in the top panel. Click in the
image on the point corresponding to the tip location. A
white square will appear in the image, indicating the desig-
nated tip location. Note that the display panel showing the
image can be enlarged to make this step more precise.

When the tip location has been selected in this image, a
Pixel X and Pixel Y value will appear for the chosen point.

When the selected tip location in the reference image is
reasonable, click on Calibrate at the bottom of the panel.

Cancel
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m Optical Image Calibration - Select Image to Load

Index | Reference | X [um] | Y [m] | Pixel X Pixel ¥ ‘ Use

0 ] -35.00 -35.00 395 171
1 -17.50 -35.00 393 262
2 &3] 0.00 -35.00 391 354
3 =] 17.50 -35.00 389 446
4 =] 35.00 -35.00 386 537
s =] -35.00 117.50 487 173
5 ] 17.50 117.50 485 264
7 O 0.00 17.50 482 356
8 O 17,50 -17.50 481 448
9 O 35.00 -17.50 478 540
10 | -35.00 0.00 579 175
11 ] -17.50 0.00 577 267
12 =] 0.00 0.00 575 358
13 =] 17.50 0.00 572 450
14 B 35.00 0.00 571 542
15 =] -35.00 17.50 671 177
156 =] 17.50 17.50 669 269
17 =] 0.00 17.50 667 361
18 ] 17.50 17.50 665 453
19 O 35,00 17.50 662 545
20 O -35.00 35,00 763 180 AN
[FAEE s W T e B S [ i
22 3] 0.00 35.00 759 363~
23 | 17.50 35.00 756 456
e ——3500  35.00 754 547

(%) Median image
() Calibration image
() Load image file

() Take snapshot

Please select an image to load

24| a
]

The software will now calculate the corresponding tip posi-
tion in the other 24 images. The user must wait for all the
values to be generated. The progress can be monitored as
the values appear in the Pixel X and Pixel Y columns.

Check the accuracy of the automatic tip location at the
bottom of the panel. The Standard deviation should be
less than 1 pixel if the calibration is reasonable.

Scroll through the list using the up and down arrow keys.
When one of the images is selected in the list, it appears in
the top panel with the calculated tip location marked. If the
contrast is poor, or if only a small part of the cantilever is
visible in the selected image, the calculation may be inac-
curate. Images with an incorrect tip location can be dese-
lected with the Use tick box. There are an excess of points
used for the calibration procedure, so the deselection of
points will not disrupt the calibration. Some images may
have been automatically deselected.

When satisfied with the calibration points, click Continue.

At this point the calibration is finished and the user should
select an image to be imported into the background of the
SPM program.

The Median image is calculated from all 25 calibration
images. When the size of the calibration grid is large
enough, this generates an image without the cantilever.
This median image is displayed on the final panel of the
calibration procedure by default.

Alternatively the user can select one of the Calibration
images taken already, or a pre-existing image (taken be-
fore the calibration) using Load Image file.

The final option is Take snapshot. This allows the user to
refocus the microscope, adjust the contrast, and then take
an image to be imported. The cantilever does not obscure
the field of view as it is still positioned over the final point of
the calibration grid. The file is saved in the calibration Data
directory with a filename Snapshot.

When the correct image has been selected click Finish to
import the calibrated image into SPM.
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8.2.4 Managing and adjusting imported images in SPM

8= Scan List

=1

Image Viewer

Current Scan
Show

[¥IScan Region

Recent Scans

Number of listed entries |~ | 4] 2 |

T+ ¥ |2

OId Scans
Show

o remove I ovicel mase

Savng setings

Use Absolute Limits

v Show Background Pattern

Show Manipulation Pattern

® Select New Scan Region
Rotate
Zoom
shift

Measure Distance

[ __Sawng settings

Select Cross Section

X-¥ Point Selection

Shift Optical Image

Clear Selection
Focus

Image Viewer - Height (trace)

I Channel H Settings H View H Focus ” Line Viewer I

At the end of automatic or manual calibration, the
final image is automatically calibrated and imported
into the SPM software. It will appear in the back-
ground of all Data Viewer windows and in the Old
Scans section of the Scan List.

In the Scan List the image behaves like AFM im-
ages, i.e. the image can be displayed or hidden by
clicking on the Show toggle.

Clicking the Remove button will remove the image
from the Data Viewer.

An AFM scan area can now be selected directly in
the optical image. However, as the initial selection
of the tip location may be slightly incorrect it may be
necessary to shift the optical image slightly to cor-
rect for the actual tip position.

Start an AFM scan, low resolution (256 x 256 pix-
els) is sufficient. Select the optical image in the
Scan List. The optical image is now highlighted in
green in the Scan List and plotted on top of all the
images within the Data Viewer.

Click the right mouse button within the Data Viewer
and select Shift Optical Image. This will make the
optical image transparent.

The semi-transparent optical image can now be
shifted using click and drag with the mouse. Align
the features of the two images. To go back to the
normal view of the AFM image, click the right
mouse button in the Data Viewer and deselect
Shift Optical Image, then go to the Scan List and
click on the current scan.

After shifting, the optical image should be resaved.
This will adjust the original calibration file to include
the offset that was applied during the manual ad-
justment of the image position.
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Additional images can be imported using the same

optical calibration file, with the offset that was ap-
plied if the optical image had to be shifted.

calibration file: |'.atefjpkdatafoptcal-2006.11.06-16.0?.O?fcptcal-shif‘ted|| B |

Image file: |fhomefkateﬂpkdataioptcal-2006.11.06-1 6.07.07/fl2.jpg | | B |

| cancel | By clicking on File at the top of the screen and then
Import Optical Image, the user can select the

appropriate calibration file and image.

. ScanlList

B/ Image Viewer

If more than one optical image is in the Scan List,

[¥lscan Region

then they will, generally, both cover the whole dis-
played area. The only visible image will be the one
at the top of the list.

Recent Scans

Number of listed entries (v | 4] & ]

Show

The up and down arrows in the Scan List can be
used to change the order of the images

Note: do not open too many optical images at once,
as the software may slow down.

emove \Q. Optical image
emove ‘. Optical image

| B || saving settings |

Additionally, to import an updated optical image, the Snapshot function can be used. First select an
optical image in the Scan List to define the optical calibration for import. Click on the Snapshot icon to
acquire an image from the JUnicam software and import it into the SPM software. The Snapshot icon is
only active when the JUnicam software is open and an optical calibration is defined (optical image is
selected in the scan list). The snapshot image is saved into the folder with the selected calibration.

optcal-2006.11.06-16.07.07 Q) 100% & | View as lo(

The calibration folder that was set at

ﬁ ﬁ 4 the beginning of the procedure will
now contain a number of files of differ-
median.jpg optcal-00.jpg opteal-01.jpg opteal-02.jpg optcal-03.jpg
ent types.
<
The 25 calibration images are stored
optcal-04.jpg optcal-05.jpg optcal-06.jpg opteal-07.jog opteal-08.jpg opteal-08 jpg here, along with the calculated median
L= b= -
<=m image.
<= <
opteal-10.pg opteal-11jpg opteal-12jpg opteal-13ipg SPIEALILIRg SRLERlITiP Both the original optical calibration file
-’ -’ -’ - - (optcal) and the adjusted calibration
file with the user determined offset
optcal-18.jpg optcal-17 jpg optcal-18 jpg optcal-19.jpg optcal-20.jpg optcal-21.jpg . X
(optcal-shifted) are found in this fold-
-
optcal-22.jpg optcal-23 jpg optcal-24 jpg optcal-shifted snhOpg . .
Lastly, any snapshots taken while this
calibration is active should be stored
R, also in this folder.
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8.2.5 Manual calibration

For some optical applications, the user may wish to use a different CCD camera, or an alternate imaging device. If the
imaging apparatus can acquire images of the cantilever and then provide these images as TIFF, JPG or PNG files then
the calibration procedure can still be used, however, the acquisition of images for the calibration can no longer be
automatically acquired.

Optical | Calibrati - ae . . . .
i et For the manual calibration procedure, using external image
ize of the calibration area
width: (=] 100.0[ & Jum acquisition software Automatic image acquisition must be
Height: (=] 100.0] & um

deselected.

The manually saved optical images must be put in a known
”E location. The default name can be used, or a special name
—  set, but make sure the folder that is set in the Data directory
panel is known.

@lrsctuw: ]Dﬂmefkateljpkdatafoptcalrzooe.11.06—16.07.07

[]lautomatic image acquisition|

Optical Image Calibration - Collect Images = . . . .
=T 2 The second panel of the calibration procedure is the point at
which the images must be manually acquired. The calibration grid
points are listed and the up and down arrow keys scroll through
the list. As each entry in the list is selected, the cantilever auto-
matically moves to that position.
Images should be acquired at each point and saved with a se-
— e T T quential file name (start with file names of the form 01, 02 to en-
3 ZHLL S sure that the files are kept in the correct order when uploaded, as
2 B 0.0 the index counts up to 25). Any names can be used; the only
5 -50.00 -25.00 . . .
s 12500 2500 requirement is that they must have the correct alphabetical or
i SRR 20 alphanumeric sequence for the 25 AFM positions.
5 o0 000
B Fm 0 Most fluorescence camera or confocal software packages has the
14 50.00 0.00
] 5000 25100 option for collecting a time series. This can be a convenient way
16 25,00 200 to save and manage all the images. Set the time series running
19 50.00 25.00
2 52,00 20.00 (e.g. set 25 images at 2-3 seconds time interval). As each image
22 0.00 50.00 . . oy . .
= 25,00 50.00 is acquired on the camera, move to the next position in the list to
24 50.00 50.00
B L T e put the cantilever in position for the next image.
Cancel
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Once the files have been collected, they have to be transferred to
the Data directory chosen at the start of the calibration. The
SPM software will recognize any sequentially named images in a
basic graphics format (TIF (8 bit), JPG, BMP or PNG).

Note that if a time series is used in the fluorescence camera soft-
ware, it is often possible to export all the images automatically

e T W | X ] I Vi with a certain format and sequential names. The files can be
0 01.jpg -50.00 50.00 .
1 024pg 25.00 50.00 transferred to the AFM computer in any normal way, for example
2 03.jpg 0.00 50.00
. 05.jpg 50.00 50.00 using an ethernet connection or USB device. WInSCP is a useful
5 06.jpg -50.00 -25.00 )
d 071p0 2200 250 free tool that can help make the transfer convenient.
8 09.Jpg 25.00 -25.00
] 10.jpg 50.00 -25.00 . . . ;
10 L (2000 900 Once there are suitable files in the Data directory, the SPM soft-
12 ik g 0.00 0.00 . . . . . .
12 14hs 500 000 ware will automatically shows the names in the list. The list dis-

1Pg -

= B 5200 20 play is updated every time a new position is chosen with the
17 18.jpg 0.00 25.00
18 19)pg 25.00 25.00 mouse or arrow keys.
19 20.jpg 50.00 25.00
20 21.Jpg -50.00 50.00
21 22.jpg -25.00 50.00 . . . .
22 23.pg 0.00 50.00 If the file path is correct and the files are in the correct format, the
23 24.jpg 25.00 50.00
L L S = names will appear in the Filename column and scrolling through

Lcommee || cancel | the list will display each calibration image in the top panel.

From this point the procedure for selecting the tip reference position and calculating the values from the other files is
the same as described in Section 8.2.3 for the automatic calibration. See Section 0 for information on using the
optical images in SPM. The only difference with an external camera is that the Snapshot function cannot be used as
this is dependent on JUnicam. The user must remember to transfer the files to the LINUX computer and then they can
be imported as described above using File - Import Optical Image.

8.2.6 Offline Direct Overlay

Optical images can be opened in the JPK Data Processing (DP) program, to allow offline overlays and the export of
calibrated optical images that correspond to particular AFM scans. The JPK Image Processing program is not de-
signed to allow full image processing capabilities for the optical images, instead functioning as a first step in offline
image processing. See the separate DP Manual for details on importing and managing optical images in DP.

8.3 Advanced spectroscopy mode and Force RampDesigner

Spectroscopy Control If Advanced mode in the spectroscopy mode is selected in the spectroscopy
‘ A ‘ control panel, the Force Ramp Designer opens automatically. For more in-
formation concerning Force-Spectroscopy see Section § 6

Basic | Advanced
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Force Ramp Designer

File: Description:

Select default settings « -

Change Description

N

x| 8] DNl 4]l

Ramp Settings
Baseline n.a. \F G \i‘ \;l‘
: il 28 38 38
Adjust Baseline 1 :Extend Extended Pause Retract Retracted Pause

Z Closed Loop [ Duration ‘ b4 05| a |s Duration v 0.0| & |s |Duration |V 05(a |s Duration ¥ 00| a ‘s
Z Start Option |Distance from surface 7|7 | ongth ‘ b d 1.0| & |pm Sample Rate ¥ 0| & [Hz |Z Length | A 1.0 a |pm Sample Rate ¥ 0| & ‘Hz
Height b ]"U[A ]pm 7 Speed 2.0 um/s Sample Num.o 7 Speed 2.0 um/s Sample Num.o
\elocity | 2-UI 4 |HM/S|sample Rate Hz Delay Mode |Constant Force w| |5ample Rate Hz Delay Mode
Sample Num.1024 IGain ¥ | 150.0( & Hz |5ample Num.1024
Setpoint un PGain ¥ | 0.0048| &

The Force Ramp Designer allows for the assembly of individual force spectroscopy experiments by sequencing differ-
ent force segments. There are 6 different force segments available:

Two extend and retract segments, in absolute and relative mode.

—F —z Two pause segments in constant force and constant height mode.
7L TTL Level/ Pulse segment to control TTL signals within a force distance curve
(please read section 0)
X Removes all segments from the force ramp.
% Removes the selected segment from the force ramp.
N\«

18
Extend
EVITERTE |v 0.5 a |S In F Extend and F Retract segments, the piezo moves for the distance Z Length
Z Length |v 1.0| & ||..lm but stops if the Setpoint is reached. If the Setpoint is not reached during Z Length,
Zspeed 2.0 um/s the piezo continues to extend/retract until it is reached. So Z Length is an expected
Sample Rate ﬂ 2048 Hz value that helps to set parameters like Z Speed or Sample Rate.
Sample Num.1024
setpoint | ¥ [0.400] & v
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Retract

Duration | v| 05|~ |S The Z segments extend/retract the piezo for the distance Z length, independent of
Z Length | v 1.0| a |pm

the vertical deflection.

Z Speed 2.0 pm/s

Sample Rate Hz

Sample Num.1024

—F

2=
Pause
Curation v 00| & |s
sample Rate| ¥ ol & bz The F Pause (constant force) maintains the Setpoint of the previous segment for a
Sample Num.0 defined Duration by adjusting the piezo height.
Delay Mode |Constant Force
1Gain > 150.0| & Hz
PGain ¥ | 0.0048| &
=
48
Pause . ) ) ) . )
Duration v | o00|la |S The Z Pause (constant height) maintains the piezo end position of the previous
Sample Rate ¥ ol a |Hz segment for a defined Duration.

Sample Num.Q

Delay Mode |Constant Height «

The segments can be sequenced as required for the experiment. The default sequence, which appears when the force
ramp designer is opened, produces a standard force curve with the same settings as in Basic mode.

File:
Select default settings =

Several preset force ramps for standard applications like force clamp are availa-
ble in the File pull-down menu. Self-designed force ramps can be saved using the
save button.

Select default settings

absolute-retract

Change Description The experiment description can be saved along with the force ramp settings.

Click Change Description to open Change Force Settings Descrip-
3323‘3309| tion window. Any comments can be typed here.
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8.3.1 Ramp Settings

Ramp Settings

Baseline n.a.

The Ramps Settings provide automatic Baseline Adjustment (Sec-
tion 6.2.1), Z Closed Loop (Section 0) as well as different Z Start

Adjust Baseline|1

Options that define the piezo position at the beginning of the force

Z Closed Loop [ ]

curve.

Z Start Option |Distance from surface -

If Piezo approach is selected, each force curve of the experiment

Piezo retract
Piezo approach

Height
Velocity

Absolute Z position

Continue from previous

Distance from surface

starts in idle mode, i.e. the cantilever is approached to the surface with
the approach setpoint.

In Continue from previous mode the force curve is repeated right

after the last force curve segment without any special starting position.

Z Start Option |Piezo retract

-

Piezo retract starts each curve in piezo retracted mode. The cantilever

Welocity

|v | 15.0| & umis

is moved with Velocity until the first segment begins.

Z Start Option ‘Distance from surface '|

It is also possible to start each force curve from a defined Distance

Height | v 1.0( & |um
Welocity ‘L 2.D|i|pmfs

from surface. Beginning from Height relative to the measured sur-
face, the piezo extends with Velocity to the first force curve segment.

Z Start Option |Abso|ute Z position

v|

Similar to Distance from Surface, the Absolute Z position option

Height | v 1.0| & jum
Velocity |L 2.Dli‘pmfs

starts from a defined, but absolute piezo position, i.e. there is no corre-
lation to the surface determined by the precedent approach or F ex-
tend segment.

8.3.2 Advanced Spectroscopy Control

Spectroscopy Control

'ﬁv

v F

aaws
T 1{51
e

T

LR

rBasic rAdvanced |

Settings preferences
|Samp|e rate

v|

() synchronize sample rates

- |

Z movement |Constant Duration

Settings after spectroscopy stopped
Return to starting mode -

Return to starting mode
Constant height mode
Retracted piezo mode

Idle mode (approached)

The Advanced panel in the Spectroscopy Control window provides general
settings that are valid for all segments.

Settings preferences allow to type the force curve resolution as Sample rate
(in Hertz) or as Sample number (in data points per segment). Corresponding-
ly, editable text fields appear in the force curve segments.

It is also possible to Synchronize sample rates along all force segments in
order to keep the bandwidth constant.

Z Speed, Z Length and Duration (see extend/retract segments) depend on
each other. Z movement helps to either maintain the duration of a segment
(Constant Duration) if Z-Speed or Z length is changed, or to maintain the Z
Speed (Constant Speed) if Duration or Z length is changed.

There are different modes available after spectroscopy is stopped. The first is
to Return to starting mode. Constant height mode maintains the end posi-
tion of the last force curve segment. Retracted piezo mode and Idle mode
turn the piezo into retracted and approached mode respectively.
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8.4 TTL Control

TTL (transistor-transistor logic) devices are wildly used in lots of electronic applications and can be used to synchro-
nize the NanoWizard AFM with external hardware components like cameras and spectrometers. A particular character-
istic of TTL signals is that they can switch between a low state (below 1 V for a digital 0) and a high state (above typi-
cally 3.3 V for a digital 1) in a high switching speed. This is called level change. A combination of a fast switch between
low and high state leads to a pulse segment.

8.4.1 Hardware configuration

The Vortis controller unit for the JPK NanoWizard 3 can be equipped with and without a signal access module (SAM).
The full range of TTL control elements can only be used with the signal access module.

J2IC
NanoWizard® controller without SAM NanoWizard® controller with SAM

TTL Signal without SAM

The access to the TTL signal is given at the back of the controller via a Sub-D 25 female pin assignment (marked in
green). The standard Vortis controller without signal access module offers the possibly to use two TTL outputs (marked

in red).
( o
F 13 1
3 OO0 0000 O0OO0OO0O0 O(O O>
OO0 0000 O0OO0O0OO0OO0
' 25 Sub-D 25 female 14

Extension mixed signal Sub-D 25 female pin assignment:

Pin Assignment

1-2 TTL (level change)

Note: The TTL outputs (Pin 1/2) can switch between high and low state (level changer), but there is no possibility to
generate automatic pulses.
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TTL Signal with SAM

The access to the TTL signal is given at the signal access module of the controller via a Sub-D 15 female pin assign-
ment (marked in green). Next to the switches between high and low state, automatic pulses can be generated. Fur-
thermore TTL pulses can be synchronized with AFM measurements through pixel, line and frame clocks.

Extension mixed signal Sub-D 15 female pin assignment
8 1

OO0 O0O0O0O0O0O0
OO0 O0O0O0O0O0

15 9

Pin Assignment:

1-2 ground (no TLL output)

3 TTL (level change, pulse)

4 TTL (level change, pulse, frame clock)
5 TTL (level change, pulse, line clock)

6 TTL (level change, pulse, pixel clock)
7-9 ground (no TLL output)

9-11 TTL (level change)

12 ground (no TLL output)

13-15 TTL (level change)

8.4.2 TTL control Panel

The TTL control Panel offers the possibility of controlling and monitoring independently from the chosen mode (imag-
ing or Force spectroscopy) TTL signals.

Autosave

Scan Repetitions »

Laser Alignment
Z-Range »

'z Z Piezo Display To start the TTL control Panel select the Setup pull-down menu at the
Approach Parameters menu bar.

@ Saving Settings

8% Channel Setup

#° Advanced Feedback Settings

< TTL Contral

\
Exit ctrl-g
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The TTL control Panel offers an overview about all available TTL outputs.

Pin 1 (back) and Pin 2 (back) are at the rear side of the controller (Sub-D 25

(CTTLOutput | TTL Input female pin assignment). These two Pins can be controlled with and without
Pin 1, back o the signal access module. Pin 1 and Pin 2 are level changer.
Style LEWEL
Level | T | All other Pins can be accessed via the Digital out Sub-D 15 female pin as-
i t at the signal access module.
pin 2, back o signment at the sig u
Style LEUEL Pin 3 - Pin 6 are able to change between high and low state and send puls-
Level |£| es. The Style can be switched between LEVEL and PULSE.
Pin 3 .
style (Eve -] Pin 6 offers furthermore the option to start a pixel clock via the TTL Control
Level [T ] Panel. During imaging and force spectroscopy a TTL pulse is sent at each
tip position corresponding to a pixel.
- ® Ip positl p g p
Style |LEVEL - Pin 9-Pin 11 and Pin 13-Pin15 are able to change the Level and can be
Level = ~|| accessed at the signal access module.
Pin 1 back The Style LEVEL offers the possibility to switch between high and low state.
Style LEWEL
Level |£l | |: | | J: i
Whenever the Level-button is pressed a level change is done.
[ The Style PULSE offers the possibility to set pulses. Two sorts of pulses are
Style [PuLsE 7] available. The pulse time can be controlled.
Level | I |
Pulse Time | ¥ | 17.90] a s | I | | i

| TriggetPuIse |

After the button “Trigger Pulse” is pushed a pulse with the defined pulse
time is created.

TTL signal pulses can be synchronized with AFM measurements via TTL clocks. Three different sorts of TTL clocks

are available:

Pin 6: Pixel clock a TTL pulse is generated for each pixel (trace and/or retrace)
Pin 5: Line clock a TTL pulse is generated for every line (trace and/or retrace)
Pin 4: Frame clock a TTL pulse is generated for every frame

Note: The general Pulse settings have to be set at the TTL Control Panel. Therefore, the Style PULSE has to be cho-
sen and the Pulse time has to be defined. For activation of the TTL clocks the JPK SPM Jython Console has to be
used.
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All clocks can be activated by using the Jython console.
& Gpen Seript The Jython console can be opened via Advanced — JPK SPM Jython
< IPKSPM Jython Conscle
console.
[ Real Time Scan
Logging Settings The Jython console can be used to run pre-programmed macros like TTL
Advanced System Status clocks from JPK, so a detailed knowledge of Jython is not required for the
operations.

To activate TTL clocks the following commands have to be used:

Pin 6: Pixel clock dspManager.setPixelClockEnabled (true, true)
Pin 5: Line clock dspManager.setLineClockEnabled (true, true)
Pin 4: Frame clock dspManager.setFrameClockEnabled (true)

For a Line clock as well as a Pixel clock a pulse routine can be defined:

e Pulse only in trace (extend) = (true, false)
e Pulse onlyin retrace (retrace) = (false, true) or
e Pulses in trace(extend) and retrace(retrace) = (true, true)

Note: TTL clocks are synchronizing AFM measurements and TTL Pulses. A TTL clock starts when the AFM measure-
ment is started by pressing the RUN button.

Pin 6 (Pixel Clock) [ ]

ftylel Eg,EELL‘CLOCK‘PULSE 'J% The Pixel Clock is the only TTL clock that can also be activated directly by
ave

Pulse Time  fomme using the TTL Control Panel

PIXEL CLOCK PULSE  |ud

Trigger Pulse

8.4.3 TTL control with Force RampDesigner™

TTL signal can be also used during force spectroscopy and can be controlled in an elegant way with the Force Ramp-
Designer™. The Force Ramp Designer is an available software extension and is provided together with the advanced
force spectroscopy option. For more information concerning Force RampDesigner™ see Section 8.3.

Spectroscopy Control If Advanced mode is selected in the spectroscopy control panel, the Force
Ramp Designer opens automatically.

Next to the common six force segments a TTL segment is available to control the TTL segments in a user-defined way
during force spectroscopy.
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TTL Level/ Pulse segment to control TTL signals within a force distance curve

The TTL segment can be handled like the other 6 force segments (see Section 8.3)

Force RampDesigner

Eile

N\

Ramp Settings
Baseline n.a.

Z Closed Loop []

Z Start Optien |Continue from previo... v

TTL Output Pin 11

Initial Level

Final Level

[

| O (] [ (I (A (=)

L
18

Style

TTL Level Segment

ITTL Qutput  |Pin 11 b
Target Level HIGH -

N~~—

LEVEL =

Edit

Ramp Settings

Baseline n.a.

Z Closed Loop []

TTL

18
TTL Level Segment

Pin 1, back

TTL Output

Style Pin 2, back

Pin 3

Fin 4

Pin 5 (Line Clock)
Pin & (Pixel Clock)
Fin @

Fin 10

Target Level

TTL

18
TTL Level Segment

TTL Output IPin 6 (Pixel Clock)

Z Start Option IContinue from previo... »

TTL Qutput Pin 6 (Pixel Clock)
Copatiovel [ ]

Final Level

i

Style [LE‘\.-"EL

Target Level [HIGH

TTL

15
TTL Level Segment

TTL Output  [Pin 6 (Pixel Clock)

Style ’LE\.-"EL

Target Level [HIGH

LOwW
TOGGLE

The TTL Output lists all available TTL Outputs.
Pin 3 — Pin 6 can be used to switch between
high and low state and to control TTL pulses. All
other available Pins are limited to a level
change. Pin 1 (back) and Pin 2 (back) can be
addressed at the back of the controller. The
other Pins are located at the signal access

module.

The Style LEVEL offers a switch between low
and high state. Therefore the Initial Level and
the Final Level can be set at the TTL Output
(marked in red). These values define the level
state at the beginning and end of a force
distance curve. The TTL Level Segment itself

leads to a change to the chosen Target Level.

The Target Level can be HIGH, LOW or
TOGGLE. The current be
detected and compared with the Target Level.
In cases that the Target Level (HIGH/ LOW) is
already reached there is no level change. The
TOGGLE option
independently of the current level state.

level state will

leads to a level change
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Ramp Settings

Baseline n.a. Ui
. ) =
Adjust Baseline|1 Y lTT,_ Pulse Segment The Style PULSE offers the possibility to set

Z Closed Loop []

Z Start Option |Continue from previo... =

TTL Output Pin 6 (Pixel Clock)
Pulse Level | [D |

Pulse Time |EE|5

TTLOutput  |Pin 6 (Pixel Clock)  ~|  pulses. The Pulse Level and the Pulse Time

Style |PULSE ~|  can be set at the TTL Output (marked in red).

8.5 ExperimentPlanner™
8.5.1 The concept

For unattended experiment performance the ExperimentPlanner™ allows simple programming of complex experi-
ments. Commands steering different parts of the software and hardware can be selected and stitched together to cus-
tom-design experiments.

To familiarize the user with the concept of the ExperimentPlanner™, the NanoWizard® comes with several exemplary
scripts, which can be found under

jpkuser/jpkdata/filename.py

With those exemplary scripts, the user gets to know what typically marks an experiment and how it should be de-
signed. The use of loops in a script — a crucial part of an experiment where scans are repeatedly performed — becomes
clear by looking at those scripts. Due to the command selection characteristics, no or little programming experience is
needed to design an experiment.

8.5.2 Planning and running experiments

Mg CCD Camera
DirectOverlay Optical Calibration
& Import Optical Image

i Pump Control To start the ExperimentPlanner™, select the Accessories pull-down menu
¥ FluidicsModule at the top of the screen. A window including a menu, running and scripting
Temperature Controllers » | controls as well as the scripting console is opened.

Woltage Dutput Settings
&® ExperimentPlanner
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== ExperimentPlanner

File Edit

Run

l Control structures1[ Alignment H Scanner ” Temperature Controller ” Spectroscopy ” Imaging H FluidicsModule

Optical image

# JPK Script

checkVersion('SPM', 4, 0, 99);

[»]

[«]

L« [

Help rScript output |

while condition:

A "while" loop describes a loop that will be executed as long as the condition given after the 'while’,
All commands that will be executed in the loop have to be indented. (Our suggestion is to use 4 space characters to indent the

commands)

gladl
In the file menu, existing scripts can be opened and new scripts can be generated
Mew Ctrl-n and saved.
& open ctrl-0
Examples
Save ctrl-s
[El save as
Close
m Under the edit menu, tools for editing the script can be found.
Undo Ctrl-Z

# Redo  Ctrl-y

aw Cut Ctrl-x
[l Copy Ctrl-C
[] Paste Ctrlv

The scripts are started with the Run button and can be interrupted with the Stop but-
ton.
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[ Control structures ” Alignment ” Scanner ” Temperature Controller H Spectroscopy H Imaging H FluidicsModule

Optical image

The ExperimentPlanner™ is designed to select the commands needed to perform a complex experiment from lists.

The first list includes the Control structures for putting the repetition rate and conditions to the experiment. The
other lists concern the software and hardware features, such as the Imaging, TemperatureController, Fluidics
Module and the Spectroscopy features.

Control structures Control structures
while loop while loop introduces a while-conditioned loop
for loop

) for loop : sets the number of repetitions for the subsequent commands
if-else statement

Wait a defined time if-else statement introduces an if-else condition
Display text Wait a defined time sets a defined delay
Stop script

Display text displays a specified text

Stop script stops the script

These commands are usually combined with scripts to execute a specified ex-

periment.
Alignment Alignment
Channels » ‘ Channels : reads-in specified photodiode channels

Photo diode aligns the photo diode to a set value

Scanner Scanner
Retract retracts the scanner (full or piezo only)
»

Approach

Approach approaches the scanner (full or piezo only)
Get piezo height

Set Piezo Height

TemperatureController I Temperature Controllers

setTemperature setTemperature sets the temperature for a specified controller
waitForTemperature

Wait for Temperature introduces a waiting loop for the set temperature to be

reached

Spectroscopy Spectroscopy

XY Position XY Position: select scanning positiom

Start scanning and walk through pattern Start scanning and walk through pattern
Start scanning

Start scanning starts the active force scan

Settings [
GUI » | Settings for force spectroscopy can be loaded
Azl * | GUI : the spectroscopy GUI mode can be activated

Autosave activates the autosaving mode
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| Imaging |

Settings 4
GUl »
Autosave 4

Fluidics Module

Flush tube
Inject
Set Takeup Rate

Set Injection Rate

| Optical image |

| Save image ‘

Imaging

Start scanning starts the active image scan

Settings for imaging can be loaded

GUI : the image GUI mode can be activated

Autosave activates the autosaving mode

Fluidics Module

Flush tubes primes the tubes and ejects the liquid into the waste bin
Inject directly injects into the sample chamber from specified reservoir
Set Takeup Rate sets the rate for take up of liquid

Set Injection Rate sets the rate for injection of liquid

Optical image

Save image save optical images

More Help on the individual commands is given in the Experiment Planner itself. When choosing a command from a
list or clicking on one in the script, help on the according command will appear in the help tab under the scripting
window (see image below). In the first line, the command will be quoted, and parameters to be eventually set are
highlighted. The meaning of the parameters is explained in the upcoming lines. Next inline the effect of the command

is explained and an example of how to use the command is given.

In the lower part of the help tab, exceptions that can be thrown due to incorrect use of the command are given.
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%% #Unsaved Script - ExperimentPlanner

Eile Edit

Run

[ Control structures ” Alignment H Scanner ” Temperature Controller H Spectroscopy H Imaging H FluidicsModule

Optical image

# JPK Script
checkVersion('SPM', 4, 0, 99);
Scanner.approach)l

[»]

[« I D]

Help | Seript output |
Scanner.approach()

Approach the scanner to the surface, moving the piezo and the stepper motors. The maximum moving distance is the currently set
approach target height.

Throws:

MaodeConflictException

SPMScript.ApproachFailedException if the surface is not reached in the scanner range.
HWException

InterruptedException

Invalid ParameterException

In the other tab of the lower part of the Exper- r Help |/ script output |
imentPlanner™ window, the Script output is |Script started

placed. Start and end of the script are docu- |SCript finished

mented here, as well as any error appearing
during the execution of the script. Errors in the
syntax of the script are listed including the line
of the error.

Due to the command selection characteristics of the ExperimentPlanner™, little to no knowledge on Jython program-
ming — the scripting language of the Planner — is necessary.

Nonetheless, there is a very good online tutorial on www.python.org. Within very short time this language can be
learned and used together with our software documentation on the NanoWizard® computer:

file:/opt/jpkspm/doc/javadoc/index.htm As a next step the jython tutorial at www.jython.org can be useful.
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8.6 Manipulation and lithography

Manipulation allows the user the flexibility to define paths over the sample
surface that the tip will follow. In imaging mode, the tip moves back and forth

E Imaging in straight lines across the sample, and in force spectroscopy the tip moves
vertically over a specified point. In manipulation mode, the tip moves freely

l Force Spectroscopy across the surface, along user-specified paths. Between the paths the tip is

t ) lifted from the surface so a series of disconnected lines can be drawn.

Q Force Mapping

Change to Manipulation mode using the Measurement Mode drop-down
box. The chosen mode is bordered in green and displayed in the first line.

7 Manipulation

le-"-.fultage Spectroscopy

The manipulation mode can be used for two main kinds of experiments:
e The tip can be used to move particles or molecules around on the surface (nano-manipulation).
e The tip can be used to draw a pattern across the sample, e.g. scratching with a higher force (nano-scribing).

During manipulation, it may be useful to calculate the applied forces, to choose suitable values for manipulation of the
surface or objects lying on the surface. Often stiff cantilevers may be used, in which case the thermal noise calculation
is not appropriate, but the spring constant supplied by the manufacturer should be sufficient for a general estimate of
the applied forces.

Typical forces used in | < 1 nN in any case
nano-manipulation < 500 pN to move molecules in case of H-bonds between molecule and its support

~ 100 pN to move molecules

Nano-scribing ~ 5 nN, depending on the material

Other manipulation experiments can involve applying a voltage to the tip (e.g. local oxidation) or using a functionalized
tip to create some surface modification along the manipulation paths. In this case the manipulation force will probably
be kept to a minimum, as for imaging, since some other mechanism will create the surface pattern or modification.
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8.6.1 Paths and points

Manipulation Control . In the SPM software the whole set of movements for the manipulation is
Velocity v 1'D| & jumis divided into paths and points. Each path is a set of (x,y) points, and the tip
EEtEai |~ 0.200| & v moves from one point to the next with a constant Velocity over the sample
IGain | b 150.0] & |H2 surface. During the movement along each path, the Setpoint is held at the
PGain | hd 0.0048| & | value in the Manipulation Control panel, and controlled using the 1Gain and
PGain feedback values in the Manipulation Control panel. These values
|Path 1 M are independent of the normal imaging setpoint and feedback gains set in the
| Delete || Clear || New | imaging Feedback Control panel. Often the setpoint for the manipulation is
X, Y Position set at a higher force than for imaging, so that objects can be moved or the
N | Xinpm | Yinpm | surface modified.

17.18  [6.843 i During the manipulation, the tip moves along the list of specified paths in
-16.762  |7.258 order. Between the paths the tip is lifted from the surface, forming a series of

-16.136  7.676 disconnected lines.

-14.674 8.512

N TV S I L=

The paths for manipulation can be drawn freehand in the software, or loaded
as a scalable vector graphics (.svg) file created by typical vector graphics
Delete || Clear || New | software, such as lllustrator or CorelDraw. The path is defined as straight
lines joining the points, so a curved line will have many points very close
together, and for a completely straight line only two points are required.

-13.943 9.034

1]

[@ Data Viewer - Height (trace)

In Manipulation mode, the default mouse action is to draw
manipulation paths in the Data Viewer. Click and drag with
the mouse and the movement will automatically be convert-
ed into a set of points in the Manipulation Control panel.

v Show Background Pattern

v _Show Manipulation Pattern When the mouse is released, then the next click and drag is

Select New Scan Region

Rotate saved as a new set of points in the next path.

Zoom
Shift

Heseure Ditance The example here shows a single freehand path, the cur-
rently selected path is always displayed in green.

Manipulation Paint Selection

The mouse function can be changed with the right-click
menu to change the view in the Data Viewer.

Clear Selection
Focus

When a point in the path is selected in the Position list,
then it is shown highlighted as a green dot in the Data
Viewer. The selected point may be moved around using
the mouse (click and drag).

X, Y Position

INr. | Xin pum Y in pm
220 3.192 2,563 =
221 3.224 25
222 3.255 2,437
223 3.287
224 3.319 -2.342 -

Delete || Clear | | MNew |

channel || settings |[ view |[ Focus || Line viewer
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[ Data Viewer - Height (trace)

X, ¥ Position

Ir., | X in pm | Yin um |
220 3192 2,563 =
221 3.224 2.5
222 4,613
223 3.287 -2.405
224 3,318 -2.342 -

Delete || Clear | | MNew |

channel || settings || view || Focus || Line Viewer

[E pata Viewer - Height (trace)

channel || settings || view |[ Focus || Line viewer

The single point is moved, and the lines connecting it with
the adjacent points can now be seen clearly.

More than one path can be drawn — this example shows
three paths. A path can be selected from the pull down
menu in the panel to the left of the screen. The currently
selected path is displayed in green and other paths are
displayed in yellow.

Note: for drawing straight lines press control key “Ctrl” and
define start and end position

|Path 3

-

‘ Delete H Clear H New ‘

X, Y Position

Nr. | Xlnpml Yin pm

0
1

34,415 46.06
33.048 44,691

Delete H Clear H New ‘

The buttons Delete, Clear and New at the top apply to the whole paths. Delete removes the currently selected path,

and Clear removes all stored paths.

The buttons Delete, Clear and New at the bottom apply to individual points within the selected path. Delete removes
the currently selected point, and Clear removes all the points in the current path.

retracted position.

can be observed during the experiment.

The current point is shown in red in the Data Viewer during the movement.

After the manipulation paths have been defined, clicking Run performs the entire
manipulation movement (all set paths) once, after which the cantilever is left in the

If an optical view of the cantilever is available then the movement of the cantilever
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8.6.2 Importing and exporting scalable vector graphics files

Often manipulation patterns are required that have fixed shapes or distances,
Manipulation Pattern Manager and are more complicated than is practical by hand drawing.

o Import Manipulation Pattern
In the main menu the option Manipulation — Import Manipulation Pattern can

= Import Pattern for Background
& save Manipulation Pattern be used to import a pre-saved file; the format used is "scalable vector graphics",

file.svg.

I'm import Manipulation Pattern

] There are two standard scaling

Look In: |D manipulation '| || @| |@‘ |E E' choices:

[ circle.svg B tursvg (%) Scale to fit scan region

iiiiéié‘l;;"g () Fixed metric scaling: 1 Scale to fit scan region (best for
2 9rd10410.5vg Arbitrary sealng factor: ¥ | %4150 % X0 yector graphics created by external
& gridSxS.svg SVG file, size 1000.0 m x 866.0 m Suggested scaling

ipk_line.svg factor: 4.446284200259807E-9 software packages)

jpk_new_line.svg

File Name: |tr’iang\e.5vg |

Fixed metric scaling (factor 1.0),
to import the pattern at the same
size it was saved (best for paths
exported from the SPM software).

| Files of Type: |SVGvectorgraphics 'l

Open H Cancel |

Note: manipulation paths exported from SPM are always defined over the full 100 x 100 micron scan area. Re-
opening them using "scale to fit scan region” will generally reduce the size (e.g. if the scan area is 10 microns, the size
will be x 10 smaller).

Additional Fixed metric scaling options allow factors of 10, 10° and 10 to be quickly selected or any arbitrary num-
ber can be entered in the text box, using the format 1.0e-6. The Suggested scaling factor in the information panel
would be the scale factor used to fit the manipulation pattern to the scan area, so this can be used as a guide for ap-
propriate scaling of the stored file. The Arbitrary scaling factor default value is the value to fit in the scan region.

=m Warning . .

T Note — the SVG files must contain only
i The 5¥G file contained parts not understood by the impaorter, such as bitmap images or font ohjects. . .
= . Only outline elements have been imponed. outline objects. Other elements, e.g. font

objects, filled or patterned objects, will be
' =l ignored by the import filter.

Text may be used, but must first be converted by the vector graphics software so that it is stored as a set of the outline
paths rather than as characters in a font. The exact export option will depend on the vector graphics software, but
should be in the "Text" menu and be described as something like "Convert text to outline" or "Convert to outline path".

[@ Data Viewer - Height (trace)

This example shows one of the example manipulation paths which
. can be found under:

/opt/jpkspm/data/manipulation/*.svg

There are several basic examples supplied with the JPK SPM
software, such as arrays of lines or points and simple geometrical
shapes. These can also be modified in SPM and resaved.

Paths or patterns can also be created using standard vector
graphics software such as Corel Draw or lllustrator. Free software
is available to create vector graphics on www.inkscape.org
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8.6.3 Simple manipulation examples
8.6.3.1 Lithography

For test purposes, a nano-scribing experiment can be performed onto the polycarbonate polymer surface of a commer-
cially available compact disc. In this example an intermittent contact mode cantilever with a spring constant of around 40
N/m was used. Imaging in intermittent contact mode did not cause any changes to the surface of the polymer, but using
a contact mode setpoint of around 0.3 V produced a sharp line engraved in the polymer. Material from the central de-
pression is moved to the edges, which become raised. The overall topography of the scratch was a few nm. Deeper
lines could be produced by applying higher forces. The images below show height and phase images (5.0 x 2.2 um).

3.608 nm o 19.88 deg

slow [um]

2
fast jum] fast [um]

8.6.3.2 Moving spheres

The freehand drawing of manipulation paths is useful for moving objects around on the surface, and switching between
manipultaion and imaging modes can be used to check where the objects have been moved to and adjust the
manipulation accordingly. In this example, 120nm diameter polymer spheres were dried onto a glass slide, and
manipulated using the AFM tip. The imaging was performed in intermittent contact mode in air, which did not disturb the
spheres, and manipulation could then be performed using a very small setpoint in contact mode (around 0.05V higher
than the free vertical deflection value).

This series of images show the spheres along with the manipulation paths drawn to produce the observed motion. All
images are 5 x 3 microns, height scale 165 nm.
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8.6.4 Background patterns

In some cases, for instance the example above moving spheres, it is useful to have a backgorund pattern for aligning
the objects. Arrays of lines or points, or even geometrical figures, can be useful for aligning the particles or other objects
on the surface. For this purpose, patterns with the same format as the manipulation paths can be imported in a way that
they remain visible in the software but are not used for the cantilever tip movement. The tip path can be drawn over the
top to move the particles to the right positions on the background pattern.

-+ Impott pattem for background

D triangle. svg
[ tu. sva

Look in: |Ij manipulation v| @ @ g BE (B2
D circle.svg @ Seale to fit scan region
[ ipk_line.svg 7 Fixed metric scaling: 1
D SEJUEE S O Arbitrary scaling factor: |« X 1078

WG file, size 1000.0 m x 1000.0 m Suggested scaling
factor; 1.9899890999989807E-8

File hame: [square svg | ‘ Open
Files of type: ‘SVG wectar graphics V| ‘ Cancel |

The import dialog is very similar to the manipulation path import
dialog (see Section 8.6.2 for details of the options).

Below are two of the standard examples in the directory
/opt/jpkspm/data/manipulation/*.svg

The background pattern is always shown in blue, and can be
turned off using the right-mouse click menu in the Data Viewer.
The manipulation path can be drawn over the top, the
background pattern has no influence on the tip movement.

[ Image viewer - Height (trate)

S —————— ——
Channel || sewtings || view || Focus || Line Viewer

Channel H Settings H View H Focus H Line Viewer

136

NanoWizard® AFM User Manual Version 4.2



§ 9 Advanced information

9.1 Ubuntu Linux information

The Ubuntu Linux operating system is relatively intuitive to use, and many features and settings can be found easily by
people used to the Windows operating system.

Ubuntu Linux update:

The Ubuntu operation system is modified for the AFM operation.

Please note that a simple Ubuntu update is not possible. Contact us for assistance if you plan to up-
date. E-mail support@jpk.com or call our technical support line on +49 30 5331 12545

9.1.1 Ubuntu updates

When logged in as jpkroot your Ubuntu operating system will frequently remember you to make Ubuntu updates. Mak-
ing security updates is ok, but please refrain from making so-called LTS updates until further notice. LTS updates are
clearly labeled as such in the Ubuntu update manager. It may happen that SPM and IP cannot be started anymore
after an LTS update was made.

9.1.2 Basic tools and programs

JPK @ @E BE

The taskbar along the lower left hand side of the desktop contains most of the shortcuts that are regularly required.

w Internet browser (usually Firefox)

ﬁ Console (terminal) window. Here many different commands can be entered directly.

E‘ Open a file browser for local folders (on this computer)

Open a file browser for remote folders (over the network)

i
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NewFolder - File Browser SEIE

e Edt View Go Bookmarks. Help In all the file browser windows there is an option on the
€ Back v 'S 2 BB & ww e [W:\ @ . . . .

r— D) R right hand side View as icons.

[E5 lueders

el If this is selected, then a thumbnail preview of each file
S+ § is shown. The system can recognise normal image
= inil B files, and also our jpk format. So this is useful for
. having a quick preview of which images are in a
iy certain folder.

[ Downloads

1 item, Free space: 5.1 GB

5 . Y
". Accessories

=] Games

JPK The JPK logo starts the main menu system for the Ubuntu operating

& Graphics

@ Internet System_

Lol

EZ::“ At the bottom, there are some commonly used options:
er

~) Programming
£5 sound & video
{é‘; System Tools

Places to open a file browser

VOV VY VYV VY VY VY VY v

System to find settings for user Preferences or system Administration

Ubuntu Software Center

Pl; > . . .
Fefeences > |n the other menu options are program lists and small tools or accessories.

Lock Screen

Log Out lueders... Help and Support

Shut Down... About GNOME

Jo @ @E S | Aboutubun
Sometimes it is useful to take a screenshot from the current screen. This can be done quite straightforwardly using the

standard Print Screen key (for the whole double-monitor desktop) or the key combination Alt + Print Screen (to make
a screenshot of only the active software window), as in Windows software.

A dialog appears showing a miniature version of the screenshot, with options to set the name and location to save the
file. The default format is .png, which uses lossless compression and can be opened in most software like jpg.

In the terminal (console) window, the screenshot can be started directly from a command. Furthermore a small pro-
gram to take screenshots can be open under Accessories - Take screenshot. This has the advantage that more
advanced options can be added (e.g. a time delay). The basic command is: gnome-screenshot

To get the list of different advanced options, enter this: gnome-screenshot --help-gnome-screenshot

9.1.3 Use JPK-scripts with Linux console

There are several JPK-scripts, which can be applied to the data. “Splitforcefile”, for instance, separates a force file into
trace and retrace curve. “Splitmapfile” splits force maps into separate force files. There are two scripts to convert force
files of the jpk-force format into other file formats. The script “jpk-force-legacy-export” creates .out files, and “jpk-force-
export” creates text dump files.

ﬁ To run a script, open the Linux terminal window.

138 NanoWizard® AFM User Manual Version 4.2



The terminal window automatically opens the user specific jpkdata-directory. To apply a script the directory containing the
script must be selected (“cd /opt/jpkspm/bin”) and finally the script (“/.scriptname”) and the corresponding data, which are
to be processed by the script, along with the storage directory, are to be specified (“~/jpkdata/directory/filename”). The
script then finally processes the file and stores the new file in the same folder. In case that all force files of the file name
root “Force....jpk-force”, located in the directory jpkdata/Test, are to be converted into out files, the corresponding com-
mands are to be entered:

= Stneamanni@pcel3: foptfjpkspm/bin

File Edit wiew Terminal Tabs Help

tneumann@pccl3:~%$ cd fopt/jpkspm/bin
tneumann@pccl3: fopt/jpkspm/bin$ ./jpk-force-legacy-export ~/jpkdata/Test/Force*.jpk-force]

If all jpk-force files of a directory (e.g. Test) are to be converted, either “*.jpk-force” (i.e. without any filename root) is to be
entered, i.e. all files of the jpk-force type are processed, or only the directory containing the files is specified with no par-
ticular reference to files:

= BEnedmann@pccl3: [optfjplkspm/bin

File Edit “iew Terminal Tabs Help

tneumann@pccl3:~% cd /opt/jpkspm/bin
tneumann@pccl3: fopt/jpkspm/bing ./jpk-force-legacy-export ~/jpkdata/Test

In case that reference to the files is used to convert files (i.e. “*.jpk-force” or “filenameroot*.jpk-force” is entered), there is
one problem that can occur if a huge batch of curves is to be processed: The filename wildcards are expanded before the
command is executed. That means, even if “*.file extension” is entered (which means all files in the given directory with
exactly this extension are processed), the script appends one file with the complete filename after the other. And since
there is a limit on the allowed length of the expanded command line the script will abort if this limit is exceeded. In such
case the directory alone should be specified rather than the filenames.

/jpk-legacy-export ~/jpkdata/experiment/*.jpk-force - wildcards limitation

/jpk-legacy-export ~/jpkdata/experiment/ - unlimited number of files

For more information about these kinds of scripts please contact support@jpk.com .

9.1.4 User account administration

The main administration account in the Ubuntu AFM systems is jpkroot. The password is delivered with the AFM
installation papers, and this account can be used to set up other standard accounts for all the individual AFM users.

i Accessories

To perform administration tasks, such as installing new software

() Programming
. Network Tools
& sound & Video

>
{7¢| Games > £ c " it
/ Graphics > 4 D':'Lmi versions and creating new user accounts, log in as jpkroot. User
@ Intemet > — . . )

o IS Hardwre privers accounts created using the standard settings do not have administra-
EWK >
- Iy Language Support . I . .

T office > T Loo il Viewer tor rights — this is more secure, especially when the AFM computer is
> other > — .

s [ d=zmeze connected to the internet.

>

>

@5 NVIDIA X Server Settings
48 system Tools

Use the main system menu (started from the JPK icon in the taskbar

= Printing

S 2, statup Dik Ceator at the bottom left of the software) to choose:
Places > — > (=) synaptic Package Manager
"~ - o
(k sreen ; N System — Administration — Users and Groups
Log Out lueders... Helpand Support | ¢5J Time and Date
shut Down... About GNOME Q Update Manager
JoK @ @8 About Ubuntu %® Users and Groups
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Create New User x

Create a new user

Name: [| ]

Short Name: [

@ Short name must consist of:
> lower case letters from the English alphabet
> digits
= any of the characters ".", "-" and "_"

Cancel
Change User Password x

(/ ,‘\ Changing user password for:

P

| test
L S

@ Set password by hand

New password: [| ]

Confirmation: [ I

© Generate random password
Password set to:

O Don't ask for password en legin

Authenticate [x]
(5, You need to authenticate to
| modify the system configuration
An application is attempting to perform an action
that requires privileges. Authentication as the super
user is required to perform this action.
Password for jpkroot: [ ]
[> Details
I Cancel I Authenticate
) Inkroot Q
. (nul) Account type: change...
o Password: Change...
[ add |[  peete Manage Groups | | Advanced settings.
Help Close 7\

For security reasons, you need to confirm the account password
again when starting administration tasks.

Enter the password for the jpkroot account.

The dialog window Users Settings shows a list of the user accounts.

Click on the button Add to create a new user account.

The Create New User Editor lets you set up the particular options for
the new account.

The first tab panel creates the name for a user account.

The Name will be the log in name for the new account.

The Password section is very important. Please choose secure
passwords, especially if the computer will be connected to the inter-
net!
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Change Advanced User Settings x

Contact Information

' .{ Changing advanced settings for:
- JPK jpktest

Advanced

Access external storage devices automatically
Administer the system

Configure printers

Connect to Intemnet using a modem

[] Connect to wireless and ethemet networks
Monitor system logs

[ Mount user-space filesystems (FUSE)

After the creation of the user profile it is required to click on the button
Advanced Setting, to check that the User Privileges are correct.

New user accounts have not the privilege to administer the system.
That means that the new account will have normal user rights, but not
administrator privileges. This is more secure, particularly when the
computer is connected to the internet.

The Contact Information is optional, for a small group of users this
is probably not required.

The Advanced Settings should not be changed.

It is possible to control for each user the groups settings by using the

bin
cdrom
couchdb
crontab
daemon
dialout
dip

disk

fax
floppy
fuse
games

Send and receive faxes =
=

adm [ add |

admin | JPK jpktest Change... .

audio Eepees| option Manage Groups
i Delete

Gl lapeietey) Custom Change...

avahi-autoipd

backup Asked on login Change...

[Manage &mups | [Advanced settings|

| close

At the end, click Close to save the details of the new account.

Make sure that Allowed to use the JPK SPM instruments option is
ON. The other settings can be chosen as required, depending what is
installed on the instrument computer.

add || pelete |

Help | | Close |

|Manage Groups| | Advanced settings|

&)
Help | [ close |

| jpkroot p Change...
(null) Account type Change...
Password Change...

Click Close again to exit the Users Settings and save the current
status.

Remember to log out of the jpkroot account after the administration
tasks are finished.

The new user will then be able to log on with their new account.
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9.1.5 Network settings

& About Me

(i Appearance

@] Assistive Technologies
Bluetooth

t/, Broadcast Preferences

43 1Bus Preferences

(&) pk Java 6 Plugin Control Panel
[£] Ipk Java 6 Policy Tool

5 Keyboard

(5 Network Proxy
() Programming 2
- g OpenjDK Java 6 Policy Tool

sound & Video
[ Personal File sharing

4% System Tools

g Accessories >
- 5 5 Keyboard Shorteuts
(fv] Games
= (57 main menu
' Graphics >
@ 5 @*® Messaging and VoIP Accounts
(@ Intemet
m 5 Monitors
JPK -
) Mouse

¥ office > L
< other >

>

>

>

& Power Management
Ubuntu Software Center & preferred Applications
(&) Remote Desktop
Screensaver

@ sound

Startup Applications

Places

Administration

>
Lock Screen

Log Out lueders... Help and Support

About GNOME 4% Ubuntu one

shut Down...

Joi @ @8

About Ubuntu 7= Windows

ol

% Wired | 7] wireless |7’ Mobile Broadband | @ VPN | DSL|

" Network Connections

Last Used

Name

Close

To perform administration tasks, such as network configuration, log in
as user jpkroot.

Use the main system menu (started from the JPK icon in the taskbar
at the bottom left of the software) to choose:

System — Preferences — Network Connections

The Network Connections dialog contains all the settings for the
network configuration.

In the first tab, Wired Connections can be set up (eth0 or eth1 con-
nection).

Note: eth1 is always the Ethernet connection between the AFM con-
troller and the computer. It is strictly recommended not to change any
adjustments here.

Click on Edit... to configure the interface properties.

There are two types of network configuration — dynamic IP address allocation (DHCP) or static. This is decided by the
type of local network. Please contact your network administrator for advice on the particular settings required for your

network.
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9.1.51 DHCP (dynamic IP address allocation)

For DHCP (dynamic IP address allocation):
Connection name: IAuto etho |
¥ Connect gutomatically In the IPv4 Setting panel:

Wired 802.1x Security | IPv4 Settings | IPv6 Settings
=  Select the method Automatic (DHCP)
Method: | Automatic (DHCP)

"‘5 only Iy Close the dialog with Apply.. to save the settings and return to the

Manual . .
RS Network Connections dialog.

Shared to other computers

DHCP client ID: |
| Routes... |
& Available to all users cancel || Apply.. |
" Network Connections x

In the Network Connections dialog, on the first tab Connections,
X Wired |[7] wireless | i Mobile Broadband @ VPN 2 DL check that Ethernet connection is still selected.

Name Last Used | Add | X . i .
Click Close to save the new settings and exit the Network Settings

| Edit.. | )
dialog.
| Delete... |
Remember to log out of the jpkroot account after the administration
tasks are finished.
| Close
9.1.5.2 Static IP address allocation
For static IP address allocation:
Connection name: |Aut0 eth0
 Connect automatically In the IPv4 Setting panel:
Wired | 802.1x Security | IPv4 Settings | IPv6 Settings
Method: IManuaI C|
=  Select the method Manual
Addresses
e Netmak | nievay Binidi) » Choose Add to set up the Addresses
} Delete |
Now the IP address, Netmask and Gateway address from your net-
work administrator should be entered in the relevant text fields.
DNS servers: [192.168.100.3] |
Search domains: | || The required DNS Servers or Search Domains have to be added
(from your network administrator).
‘_Routes... |
Close the dialog with Apply... to save the settings and return to the
% Available to all users [ cancel || apply.. | Network Connections dialog.
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" Network Connections

% |n the Network Connections dialog, on the first tab Connections,
X Wired |[7] wireless | ;' Mobile Broadband | @ VPN < DsL| check that Ethernet connection is siill selected.

Name Last Used Add

— Click Close to save the new settings and exit the Network Settings
Edit...

F%— dialog.
elete... |

Remember to log out of the jpkroot account after the administration
tasks are finished.

Close

9.1.6 Timer

A simple electronic timer can sometimes be useful during experiments. First this small tool must be installed with
administrator rights. Log in as jpkroot, open a terminal window and type the following command:

apt-get install timer-applet

The timer can then be added to the toolbar of each user individually. Click on the desktop with the right mouse button
and choose the option “Add to panel”. Select the tool “Timer”. This now adds a small icon to the taskbar at the bottom
of the Ubuntu desktop. This opens a timer with simple count-down settings.

9.2 Advanced SPM software options

9.2.1 Spectrum Analyzer

The spectrum analyzer is opened using Imaging — Spectrum Analyzer
li? EEE | LR With the help of the spectrum analyzer, acoustic or electronic noise on the canti-
= Scan List lever can be detected. The calculation is made using an FFT of each scan line
Advanced Imaging Settings  and combining the data from several consecutive scan lines to give an average
Hover Mode Settings noise spectrum.

2 oscilloscope ] o ] ]
The maximum frequency is limited by the so-called Nyquist-Frequency which
. Spectrum Analyzer . . .
depends on the scan rate, duty cycle, image size and pixel number.

¥ Calibration Manager
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E£4 Spectrum Analyzer

Height: trace (m)
G &

g
\\IWMU\W»W,\,V " “J\v i

I(WW\WWMW

X Max
X Min

_ox

Horizontal axis

v 0| & |Hz

| Full Range X | Select X Range

Vertical axis

Channel
Display
V Max
Y Min

Leveling

Color (trace)

300
Frequency (Hz)

00 150 200

250

400 450 500

Spatial Frequency

chl [ch2 [cha [cha |

Height ~

Trace h/

v -13(am
e
Full Range Y

OFF

Color (retrace) red-dark =

9.2.2 Real-time oscilloscope

Advanced

All the available channels (depending on
the imaging mode) can be displayed as a
function of temporal frequencies (1/time,

as normal) or as spatial frequencies
(1/distance) if Spatial frequency is select-
ed.

The controls for the display in the Spec-
trum Analyzer are similar to the Oscillo-
scope window (see Section 5.4.1).

Multiple channels can be selected using
the tabs in the lower part of the panel.

The time-based oscilloscope is opened via Advanced — Real time scan

& open Script
IPK SPM Jython Console
Logging Settings
fdvanced System Status

4 Real Time Scan Oscilloscope

Error signal (mv)
o

Horizontal axis

X Max
X Min

sample Freq,

Vertical axis

Channel
¥ Max
| vmin

Color

25 3.0 5 4.0 45 5.0 55

Time (s)

Time to display,

7.39

2.39

100.0

v
v
v
v

5.0]

Start

Autosave

chi [Ch2 | Ch3 [ Chd |

Error signal -

red =

In contrast to the normal Oscilloscope window described in Section 5.4.1,
this displays the channels continuously as a function of time, rather than sep-
arately for each scan line. The display is therefore more similar to the output
from a conventional oscilloscope connected to the particular channel.

The Sample Freq is an important parameter, as it
defined the data collection rate. If the data is
collected very quickly, the performance may start
to suffer. Check that only the required channels
are being read (open the Channel Setup) to
optimize the high-speed performance.

The data collection for the real-time oscilloscope
is started with Start.

The data can be saved if the Autosave button is
selected before the Start is clicked.
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Saving Settings ElEA

The settings for saving data can be

7] Use one folder for all data types |/home/lueders/jpkdatar [ srowse |

Image Scans | Force Scans | Force Scan Maps | Real Time Scans | Voltammetry | MicroRheology Scans | Voltage Spectroscopy | 5TM I/ Spectroscopy | = Chosen USing Setup — Saving Set'
Filename root: |real Channel Save with Scan . .
[ e —— [ SR tings, and choosing the tab for real
o time scans. Here the file name, sav-
Lock-in phase
Gl ing directory and channels to save can
Error signal . .
ESm D) all be selected. The date and time is
e added to the Filename root, so the files
Lock-in amplitude 3
é“:i'é"ﬂ ZT;@;?W o are named by default as:
Photon counter 2
[ real-year.month.day-hrs.min.sec
Height (measured)
Photo Sum
Precision 1
st Note — the saved data depends only on
racion's the Saving Settings, not the channels
Precision 6
oG that are displayed during the real-time
Precision 9
e g -| scan operation!
s e ] P

9.2.3 Logging Settings

The settings for the error logging can be adjusted via Advanced —
=& open Script Logging Settings

IPK SPM Jython Console

Logging Settings The logging settings determine where relevant messages, errors
Log - File - Logger [Log monitored tasks ~|| and warnings should be displayed:
Dialog - Logger ['—09 each message '] » Log-File: information written in /jpkdata/*.log

StatusBar - Logger[Log monitored tasks ']

> Dialogs: information displayed in pop-up dialogs

» Status Bar: information appearing in the lower status  bar of
the SPM software

Log each message 'i Each logger can be adjusted separately by setting what is to be logged. Warnings
Log method traces and errors can give useful information about the status of the AFM and may be a
Log debugging message guide to the source of a problem.

Log hint message

Log monitored tasks Before deactivating all loggers, please keep in mind that these loggers are used to

Log each message

Log errors and warnings A
Lag only errars

Log nothing

track unforeseeable errors that might occur. Especially the log files can be used for
later bug fixing.
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9.2.4 Voltage Output Settings

Accessories

[@ CCD Camera
DirectOverlay Optical Calibration
& Import Optical Image
H= Pump Control
® FluidicsModule
Temperature Controllers

Voltage Dutput Settings

2% ExperimentPlanner

=

% Voltage Output Settings
Output Channels

[Mis 4 [Mdis5 [[Adis6 [[Axis7 [ Axis 8 |

I:||E}<’cernal Hardware
(KPM or CAFM module)

Output type: |Constant Voltage

|

Voltage |z| 0.000] & Jv

Input Channels

Precision 5
Set the conversion for Precision 5
(2 UNKNOWN
Voltammetry Oscilloscope | &2 ‘

This feature is started using Accessories — Voltage Output Set-
tings

The settings here allow a voltage to be sent out to a free DAC on the
Signal Access Module (see Section 9.3). This is useful for some
electrical measurements, to set a variable voltage without using an
external power supply, for instance for oxidation lithography, conduc-
tive AFM or electrochemistry measurements.

The Output Channels settings are stored in the property file for
the instrument, and depend on the controller type. Typically Axis
4 would be used, see the channel assignment list with the control-
ler information for the Channel number of the BNC connection.

External Hardware is a switch that changes between the default
0 — 10V range (direct from the Signal Access Module) and -10V —
+10V range (only available if the KPM box is connected in be-
tween, this is a separate optional electronics module).

If Output Type is set to Constant Voltage, then the output is
taken directly from the Voltage text field, and updated whenever
this is changed.

For many applications such as electrochemistry or conductive
AFM, then another signal, such as the current, is used as an In-
put Channel.

| IEL | There is a built-in Voltammetry Oscilloscope for these
applications using Axis 4 as the default input.
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Channel Setup = ET
Inputs | Internal r Outputs rTesting ‘
External channel Internal channel Enable
Gated Photon Counter 1 Fhoton counter 1 7]
Gated Photon Counter 2 Photon counter 2 N
Height sensar Height (measured)
High Resolution 17 High Resolution IF]
High Speed 13 High Speed 1 O
High Speed 14 High Speed 2 O
High Speed 15 High Speed 3 7]
High Speed 16 High Speed 4 O
Precision 1 Wertical deflection
Precision 1 Precision 1
Precision 2 Lateral deflection
Precision 2 Precision 2 @l
Precision 3 Precision 3 [
Precision 4 Phote Sum "
Precision 4 Precision 4 @l
Precision 5 Tunnel Current 1
Precision 5 Precision 5
Precision 6 Precision 6 (]
Precision 7 Precision 7 =]
Precision 8 Precision 8 [F]]
Precision 9 Precision 9 =1
Precision 10 Precision 10 [T
Precision 11 Precision 11 [F]]
Precision 12 Precision 12 O
Approximate scan file size: 1572.86 kb
Approximate scan memory size;: 12582.91 kb
| Close | @ |
¥« Voltage Output Settings =ME:

Qutput Channels
[(Axis 4 [ AxisS | Axis6 | Axis 7 [ Axis 8 |

[ External Hardware
(KPM or CAFM module)

Output type: |Cyclic Voltammetry -

() sinusoidal
Turn round potentials -
Max Woltage | v 1.000| & |'-.-"

MinVoltage | ¥ 0.000| & |v

Starting voltage |min value '|

Resting voltage |min value v|

Timing - -
Welocity | v | 0.200| A |st
Number of cycles_ o
_) Fixed number: A 1| a

| RUN |

Input Channels

Precision 5

) AN

Woltammetry Oscilloscope

5

Before starting measurements, check that the main Channel
Setup has both the selected Input Channel and Output Channel
switched on. Otherwise data from these channels will not be seen
in the software, and hence cannot be displayed in the oscillo-
scopes.

Usually this means that Axis 4 and either Precision 5 should be
selected.

Since the channel setup for the real time scan is handled sepa-
rately, then the channels for real time scan capture are also im-
portant, if the Voltammetry Oscilloscope is used (see below).

If the settings are changed to Cyclic Voltammetry, then the out-
put will produce a triangular / saw tooth output with the settings.

The cycles can start and end at either the Min Voltage or the Max
Voltage. The time for the cycle is set implicitly through a Velocity
in V/s.

When RUN is clicked, then either continuous cycles or a Fixed
number of cycles will be started. When RUN is not active (be-
tween cycles), the voltage stays at the Resting voltage.

The current-voltage amplification will generally be done with some
external hardware, and the Conversion factor can be entered
here. For instance, if the gain is set to 1 micro Ampere per Volt,
the conversion can be typed in as 1e-6. This will automatically be
updated to show the current in the correct units if use it is ticked.
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|28 Voltage Oscilloscope

The Voltammetry Oscilloscope or

100 Display | Channel Saving

EVETIET B Voltage Oscilloscope is opened from
9.0 | ontrol -

Fon P T - the settings panel,
O . E—

[ start || autosave |

ol Horizontal axis o
xmex [ ¥] 15[ alv
e

[eis &

ra

If the Conversion is set and used, then

sl vertical axis

Chl [€h2 [ Ch3 [ Ch4

OFF

a8 channel  [oFF i Axis 4 will be calibrated.
¥ Max =i 10.0Q

s ¥ Min v 0.0| & . . .
e e I,ed | : This is an analogue of the Real Time
a8 Scan (see Section 9.2.2), designed to
Lof plot channels against each other as a
00 ‘ ‘ ‘ ‘ ‘ function of time.

-15 -10 -5 0 5 10 15 =

Ais 4 40 g ID

9.2.5 Python and macros

There is a very good online tutorial on www.python.org. Within very short time this language can be learned and used
together with our software documentation on the AFM computer: file:/opt/jpkspm/doc/javadoc/index.html

As a next step the jython tutorial at www.jython.org can be useful. For a deeper insight these two books can be rec-
ommended:

Markus Lutz, Programming Python, ISBN 1565921976.

Robert W. Bill - Jython for Java Programmers, ISBN 073571119, (recommended for those with experience of Java programming).

&dvanced The Jython console is opened via Advanced — JPK SPM Jython console.

5 Open Scri

< IPKSPM lython Console [ >

|2 Real Time Scan
Logging Settings

The Jython console can be used to run pre-programmed macros from JPK, so a
detailed knowledge of Jython is not required for many operations.

To load the full set of macros provided, enter the following command:
Advanced System Status

5] JPK SPM Jython consol
Jpython 2.1 on javal.3.0 >>> from jpktools import macros

Type 'copyright' or 'credits' for more information.
»»» from com.jpk.tools import macros

This command imports the file macros.py from the directory
com/jpk/tools. The currently loaded modules can be dis-
played using the command:

>>> dir ()

Any macros copied to the file ".spmmacros.py" in the
users home directory are automatically loaded when the
Jython console is opened. (Note the first “.” is part of the
name, and files starting with a “.” are hidden files in Linux.

There are many macros available for different applications; if you have a particular request, please contact us on sup-
port@jpk.com and we may be able to supply a macro for your needs. Only a few examples are listed here for the
more commonly used macros.

NanoWizard® AFM User Manual Version 4.2 149



l “ I ( Nanotechnology for Life Science

Instruments

Fake approach

There is a macro to “fake” a successful approach, so the instrument goes into approached mode, regardless of the
approach setpoint or current position:

>>> instrument.fakeSuccessfulApproach=1
this command also can be abbreviated by

>>> macros.fake ()

Save a frequency sweep

The data from a frequency sweep can be saved as a text file. Note: open the Jython console and import the macros,
before performing the sweep. Perform the sweep, and then save it using the command in the Jython console.

>>> macros.saveSweep (filename="test.dat")
The sweep time (t) and number of pixels (n) can be set before performing the sweep, or the default values used.
>>> macros.set_sweep_time (t)

>>> macros.set_sweep_pixels (n)

9.2.6 JPK scripts

Bd‘-’EHCEd Scripting for your own applications is also available, and the window can be

< Open Script opened using Advanced — Open script. This enables Jython programs to
IPK SPM Jython Console run on a separate thread. Contact support@jpk.com if you have a particular
2 Real Time Scan request or question.

Logging Settings
There are many pre-programmed scripts that can be used for special experi-

Advanced System Status

ments.
i [P Jwamme | After selecting Open script from the File menu, a panel of the files in the
EFC-. ey 5@ | scripts folder is displayed.
E) celicapture.py [ ForceWatch.py B Muttisc:
S oiesrironey D pessnpentwespatrsn B hanon
Bty e BTen iz g | Select the correct script and click Open.
B ForceAutoscan.py B) KelinForce.py B selecta|

File Name:  [ForceBaselineAdjust.py ]

Files of Type: [JPK script -

m ScriptCenter - /home/kate/relea: ] i j The SCrIpt WIndOW WI”

open, containing a descrip-
I tion of the script, followed
S by the script text itself on
the left and on the right a
panel where parameters
are entered. Always read
the script description for
instructions!

Continue

# $ld:ForceBaselineadjust.py 3621 9-25 11:57:54Z 1

""Adjust the relative setpoint while force scanning to maintain a constant
force.

There are several experimental effects (e.g., changes in the buffer
solution) that can cause changes in the vertical deflection signal

that are not related to farce changes. This script helps compensate
for such changes and allow the relative setpeint for relative force
scanning to be maintained more accurately over time.

This is dene as follows: the zero force baseline is determined by
analyzing every 'scansPerAdjust'th force scan. The furthest
‘percentToAverage' points of the approach scan are averaged to find
the vertical deflection value corresponding to zero force,
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Continue ” When the parameters have been set, usually it is necessary to click Continue
to update parameters or begin to acquire data. Usually start and stop from the
script, not using the Run button!

9.3 Signal access module (SAM)

f_“___m-— The controller unit for the JPK
f o | NanoWizard® 3 can be equipped

|
|® = ¥

‘ with a so-called signal access
; module (SAM). The SAM allows
l ] electronic access or modification to

‘ most of the analog signal channels
that appear in the software — both
B i input and output. In addition, sev-
\ i eral digital input and output chan-

m ‘ nels are provided. ' ‘

NanoWizard® controller without SAM NanoWizard® controller with SAM

= ANALOG IN
Mod. In Mod. In Pracision Precision Precision High Speed

om ¢ om o@ ©o@
om o oW | o
om ¢ % el IR |

ol 0 08 [« ON -

il Axis3 In DIGITAL IO

Q Q ©)
MONITOR POWER
Qut

3 4

Q0000000 @ « @

The SAM is divided into several logical blocks.

= The MONITOR connectors are analog channels that directly output the unprocessed electronic signals com-
ing from the NanoWizard® 3 head. These can be used to monitor signals by means of external equipment,
and employed for feedback, triggering, etc.

= The ANALOG OUT connectors provide a few analog output (DAC) channels that can be programmed from
the SPM software. A direct digital synthesizer (DDS) is also provided.
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The AXES connectors output the analog signals (DAC) that drive the
xyz piezos. These signals are wired internally to the NanoWizard® 3
head; the outputs can be used for monitoring or feedback purposes.
These channels have a modulation input that can be activated using
the tip button to the right. The tip buttons switch the modulation inputs in
a three-way cyclic manner indicated by an LED:

- off — no modulation (default);

- red — internal modulation (do not use, or ask JPK for assistance);

- green — external modulation: the signal provided on the Mod. In input is added to the internal, software-

controlled signal. For example, a signal from a function generator can be used to move a scanner.

The ANALOG IN connectors can be used to modify the internally wired channels to
read in externally supplied analog signals instead. Like the AXES connectors, these
connectors have tip button to switch between the internal signal channel (LED off; de-
fault) and the externally supplied one (LED green). Note that in this case the channel
data read into the software for this channel will be overwritten by the external signal. A
total of twelve 18-bit channels (#1-12) sampled at 800 kHz (‘Precision’), four 16-bit
channels (#13-16) sampled at 60 MHz (‘High Speed’), and one 24-bit channel (#17)
sampled at 2.5 MHz (‘High Resolution’) are available.

The DIGITAL /O connectors provide a multitude of digital (TTL) inputs and outputs. TTL out is used to trig-
ger external JPK modules like the CellHesion® Module or the Tip Assisted Optics™ module. Contact JPK
for assistance if required, including pin assignments of the 2 D-sub 15 input and output connectors. The dig-
ital counter inputs at the 4 BNC connectors may be used for e.g. photon counting. They have a program-
mable trigger level.

The POWER connector outputs —=15 V, -5V, +5V, +15V and GND on the various pins of a D-sub 9 con-

nector. Contact JPK for pin assignments or further assistance.

The function tip buttons F1-F4 on the far right of the SAM can be used to set individual configuration pat-

terns/channel assignments. Please contact JPK for assistance.

The table below summarizes the designation of the various analog inputs/output on the SAM.

Connector | Designation Connector | Designation

Monitor 1 Vertical deflection (unprocessed) Axes 7 Out | external z DAC (400 kHz, 24 bit)
Monitor 2 Lateral deflection (unprocessed) Axes 8 Out | Not assigned

Monitor 3 Not assigned Il:]xes 9 Bre AC excitation
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Connector | Designation Connector | Designation
Monitor 4 Photosum (unprocessed) gxes 10 Axds z piezo modulation
Monitor 5 Not assigned Analog In1 | Vertical deflection or external
Monitor 6 Not assigned Analog In2 | Lateral deflection or external
Monitor 7 Not assigned Analog In3 | External
Monitor 8 Not assigned Analog In4 | Photosum or external
Monitor 9 AC excitation (unprocessed) Analog In5 | Not assigned
Analog Out 1 | High-speed DAC 1 (120 MHz, 14 bit) Analog In6 | Not assigned
Analog Out 2 | High-speed DAC 2 (120 MHz, 14 bit) Analog In7 | Not assigned
Analog Out 3 | High-speed DAC 3 (120 MHz, 14 bit) Analog In 8 | Not assigned
Analog Out 4 tIZ)).itr)ect Digital Synthesizer (DDS; 120 MHz, 14 Analog 9 | Not assigned
i
Analog Out 5 | Precision DAC 1 (1.6 MHz, 16 bit) Analog In 10 | Not assigned
Analog Out 6 | Precision DAC 2 (1.6 MHz, 16 bit) Analog In 11 | Not assigned
Axes 1 Out Piezo stage X axis DAC (400 kHz, 24 bit) Analog In 12 | Not assigned
Axes 2 Out | Piezo stage Y axis DAC (400 kHz, 24 bit) Analog In 13 | Vertical deflection (high speed) or external
Axes 30ut |Piezo stage Z axis DAC (400 kHz, 24 bit) Analog In 14 | Lateral deflection (high speed) or external
Axes 4 Out Piezo stage Z axis DAC (400 kHz, 24 bit) Analog In 15 | External (high speed)
Axes 5 Out | external x DAC (400 kHz, 24 bit) Analog In 16 | Photosum (high speed) or external
Axes 6 Out | external y DAC (400 kHz, 24 bit) Analog In 17 | Vertical deflection (high resolution) or external

For applications that require any of the advanced functions of the signal access module, please contact JPK at sup-

port@jpk.com or call +49 30 5331 12070 for assistance.

9.4 JPK data formats

The SPM software generates images with a *.jpk file extension. JPK files are a form of the *.tif-format. They contain
one thumbnail, image data for each channel that has been stored, and a list of scan parameters.

A more detailed description about the jpk-files can be found on under

/opt/jpkspm/doc/TifSpec.sxw
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This sxw file can be opened with "OpenOffice", which should already be installed on the instrument computer.

*.jpk files are designed to be read by the JPK Image Processing software, IP. After opening an image in IP, it can be
processed and either saved in the same data format or exported as a pure image in a graphics format, for example for
import into a word processing or presentation software. The other data formats can be managed in a similar way.

Formats JPK formats Export formats
Save option Save Manager in Scan List (SPM) Export as text Export as picture
Save data or Save with JPK (DP)
Format *.jpk (image format) *.out * tif
* force (force map, image format) *ixt *.png
*.jpk-force (force spectroscopy) *.map_txt *.jpg
* jpk-force-map (force map curves)
*.tind (frequency spectrum in thermal
noise, ascii)
*.cal (height calibration file, ascii)
File contains: Full collected data, scan parameters Limited information, spe- | Single image without

and calibration conversions.

cific to export format.

additional information.

Is reload in SPM/IP Yes No No
possible?

(except ASCII formats .tnd or .dat)
File can be read by No (for most JPK formats) Yes Yes
general software e.g.
PowerPoint?

Yes (ASCII formats *.out, *.tnd, *.dat)
File can be read by Some (e.g. *.jpk) Yes Yes

SPIP AFM processing
software?
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