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80 General information

This manual covers the general installation steps and the operation of all systems of the NanoWizard® Series as well
the functionality of the SPM control software.

All available NanoWizard® configurations show the same basic design, which is described in detail within this manual.
Some of the optional systems contain additional components which are thoroughly described in respective manuals.

The SPM control software applies for all NanoWizard® applications as well as for optional modes and features (like
QI™ Advanced or the DirectOverlay™ module) that can be purchased optionally depending on your system configura-
tion.

Please Read carefully this manual and all additional manuals that apply specifically for your system configura-
tion.

Please contact JPK for more information and assistance (++49 30 726243 500) support@jpk.com.

0.1 Explanation of symbols

Three main symbols appear in this manual to highlight accessory options, warnings and useful information:
O Features and options marked with this sign are additional extensions and must be purchased separately.

Q Warning: Indicates potential sources of danger and gives hints to prevent any damage to the system or
sample.

Note: Useful information and hints

6 NanoWizard® Series User Manual Version 6.0
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1.1 Important safety information

81 Safety instructions and warnings

1.1 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), with an emit-

|""\"'3“3'-E LASER RADIATION| ted power of <5 mW. The laser belongs to laser class 3R. Be extremely

AVOID EYE EXPOSURE

Do BRI V™| careful with such lasers, since the blink reflex will not protect your eyes. The
NanoWizard® head contains a tilt switch to turn off the laser automatically
when the head is in an upright position.

DIODE LASER
1 mW MAX OUTPUT at 850 nm
CLASS lll LASER PRODUCT

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 mW. Even with the cantilever holder detached, the emitted power of
the laser remains below 1 mW. 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 user’s 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 and other purposes 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 cantilever
is approached on the sample surface and during scanning.

— - Y

Laser on Laser off Laser disabled
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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) supplied to the system may cause injury to the user.

Do not insert anything into 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.

‘: - Electrostatic discharge:

The AFM head is sensitive to 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 cantilever holder, 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 rubber membrane that protects the
AFM head from underneath is not resistant to
benzene and alcohol. Do not allow aggressive
fluids such as acids and bases to come in con-
tact with the membrane.

e

Our product is fully CE-approved.
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1.2 Warnings for the Life Science version with optical microscopes

1.2 Warnings for the Life Science version with optical microscopes

1.2.1 Prevention of condenser lens crash

. Be careful not to hit the AFM head when lowering the condenser (illumina-

-
hg* tion optics) of the optical microscope or when moving the head upwards
e

=

using the stepper motors. If the condenser is going to hit the head, either
raise the condenser position or lower the head on the motors first.

<

The condenser may hit and damage the AFM head if it is positioned far too low. Always move up the con-
denser completely and lower it carefully!

The AFM head may hit the condenser if the stepper motors are moved upwards in large steps. Always move
up the head position in small steps.

1.2.2 Prevention of objective lens crash

The maximum load of the objective revolver is three objectives, arranged in a 120
degree angle, as shown in the picture on the left. Please check that the specific
lenses used fit in this conformation. Bulky lenses may have to be used alone, or the
objective lens holder must not be rotated.

Do not load more than three objectives. Always load the objectives with a 120 degrees angle. Otherwise the
objectives as well as the AFM stage may be damaged.

The objective revolver must only be rotated if it is completely retracted. This is par-
ticularly important if the optical microscope uses any automatic movement of objec-
tives. Please ensure that the automatic switching between objectives makes a com-
plete retract before the rotation. For the empty positions it is strongly advised to set
the parfocality at the lowest position, so that when an empty position is accidentally
selected the adjacent objectives are not driven into the stage. Please contact the
supplier of your optical microscope for advice on how to set this.

Do not allow the objectives to crash into the AFM stage. Always lower the objective revolver completely be-
fore rotating it. Otherwise the objectives as well as the AFM stage may be damaged.

NanoWizard® Series User Manual Version 6.0 9
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1.2.3 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 hand side (red arrow)
that helps to observe the objective-sample distance during the
movement of the objective.

Do not allow the objectives to lift up the sample. Always control the distance between objective and sample.
Otherwise the objectives as well as the sample and cantilever may be damaged.

1.3 Additional important information

1.3.1 Cantilever holder

The flat top and bottom of the cantilever holder are optically polished glass. The
provided cantilever changing stand is optimized to protect these surfaces from any
damage. Please use this tool to change the cantilever.

Temporarily, the cantilever holder may be placed on its side on soft tissue paper.
JPK recommends Kimberly Clark Kimwipes Lite 200 (green box). Please use the
supplied box or the cantilever changing stand to store the cantilever holder safely.

v

When placed this way the polished optical planes When not in use, and for soaking in a cleaning solu-
of the cantilever holder can be damaged. tion, always set the cantilever holder on its side.

The cantilever holder can also be cleaned conveniently using an ultrasonic bath. Please make sure that the cantilever
holder is held using the swimmer supplied with the system. Do not ultrasonicate in a hard holder or glass beaker.
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1.3 Additional important information

Please see Section 2.3.1 for detailed cleaning instructions.

surface, and do not store the cantilever holder lying on these surfaces. The optical surfaces may be dam-

: Do not touch the optical surfaces with your fingers, tweezers or any other material that could scratch the
aged and impair the function of the cantilever holder.

1.3.2 Sample stage and sample holder

The NanoWizard® AFM system is optimized for measuring immersed samples. For this purpose, JPK provides dedicat-
ed sample holders, such as the PetriDish™ Heater. Please use these sample holders for safe operation in liquid.
Please contact JPK for more information and assistance (++49 30 726243 500) support@jpk.com.

Never immerse the sample holder or sample stage in liquid. Parts of the optical microscope or the sample
holder/stage may be damaged. Always use dedicated sample holders from JPK for safe operation in liquid.

Do not allow the sample stage or sample holder to come into contact with acids, bases or other aggressive
chemicals. The corresponding parts may be damaged.
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8 2 Installation

2.1 Components

The components provided depend on your system configuration and may vary. If a complete NanoWizard® system is
ordered, the most important components are:

NanoWizard® AFM head
% Stepper motor housing

A Feet for positioning AFM head

Life Science Stage with sample holder for the use with inverted

optical microscopes, if the BioScience version was ordered (see
Section 2.1.1).

Standard stage if the NanoScience version was ordered (see Sec-
. tion 2.1.1).

Cantilever holder

12 NanoWizard® Series User Manual Version 6.0



2.1 Components

Cantilever changing stand

NanoWizard® controller with or without Signal Access Module
(SAM). Please see Section 11.1.1 for a description of the SAM.

PC (with monitor, mouse and keyboard)

All required cables to set up the system, such as the head cables
(left-hand image) to connect the NanoWizard® controller to the
NanoWizard® head, are provided with the system.

2.1.1 Fast Scanning Option

The NanoWizard € Fast Scanning Option is available as an optional accessory and contains additional components:

ﬂ The JPK Fast Scanner cantilever holder and the € Fast Imaging software

module (Section 8.2) are the main components of the Fast Scanning Option.
Please read the NanoWizard® ULTRA Speed Series & Fast Scanning Option
User Manual for a detailed description of the use of the Fast Scanner and relat-
ed software settings.
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2.1.2 BioScience and NanoScience systems

If the NanoWizard® BioScience version was ordered, then it can be installed on vari-
ous inverted optical microscopes made by Zeiss, Leica, Nikon, or Olympus with an
= appropriate Life Science sample stage. The entire optical microscope and AFM should
be placed on an active anti-vibration table or air table.

Note that the Life Science stages are specially shaped to fit a particular model of opti-
cal microscope. They are not interchangeable and should only be used on the type of
microscope they are designed for. Optical microscopes from different manufacturers
have different designs. 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.

In the NanoScience system, the JPK NanoWizard® AFM is usually used to-

SEecamera gether with the JPK standard stage.

JPK Top View [
Optics™

This is mainly interesting for non-transparent samples, where the inverted opti-
cal microscope is not suitable. The sample can be observed in reflected light
using the CCD camera attached to the TopViewOptics™. The optical magnifi-
cation is generally much lower in this configuration than on an inverted optical
microscope due to physical limitations.

2.2 Assembly

2.2.1 Location —find a quiet place for the instrument

For highest resolution imaging and most sensitive force measurements, 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, ideally within an acoustic enclosure.

- Building vibrations are usually smallest in the basement; AFM labs on higher floors may have more noise prob-
lems. Mind the mechanical vibrations caused by lifts or other large machinery which may influence the measure-
ments even some distance away.

- The temperature should also be stable; ideally the ambient temperature should not change by more than 0.5 °C
per hour.
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2.2 Assembly

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

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

The two AFM head cables can transmit unwanted vibrations to the AFM head. Therefore it is recommended to weigh
down the cables to the vibration isolation table using the supplied weights. Adhesive tape may leave residues and the
cables can become sticky.

2.2.2 ThePC

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

There are several USB sockets on the computer to connect keyboard, mouse, JPK
accessories (such as the motorized precision stage or temperature devices) and
any other USB devices.

The RS232/USB socket connects some temperature devices to the system.

The network plug labelled “LAN” can be used to connect to the internet/external
network. The second network plug is dedicated for connecting to the controller.

There is one monitor cable, which plugs directly into the graphics card.

Firewire cameras connect directly to the Firewire (IEEE1394) connecting port (see
Section 4.1.1).

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.
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2.2.3 The controller

The connections for the head are found on the back of the con-

. ‘ ' ' p@' ‘ troller box.
The power supply socket of the controller is equipped with a

BNC infout - fuse, which depends on the particular equipment. Please ask

o

ancs JPK for assistance, if required (email support@jpk.com).
' o | I Hm mHeaq : . . . . .
A e (LS ® First check that the main power switch of the controller is
> 18 e - _NAR3232 ; switched to "OFF" and then connect the black power supply
: l ! y bgg cable for the controller. Connect the head cables to the
o—| o= iunusedi. ; : NanoWizard® head (see below) and the network cable to the
a—|™ l dedicated network plug of the computer (see picture above).

Now the controller can be switched on.
v ]

There are additional (e.g. BNC) connections allowing the use of JPK accessories. Please read the corresponding man-
uals.

reconnecting it to the mains supply. The power switch on the front of the controller is intended for more
regular use.

Do not store heavy or electronic equipment on the controller. Otherwise the performance of the controller

Q The controller has two power switches. The one at the back needs only to be used when disconnecting or
A may be impaired.

2.2.4 AFM head connections

There are two dedicated cables connecting the AFM head to the controller.

Make sure that the controller is switched off before connecting or disconnecting the AFM head. Otherwise
the AFM head and/or controller may be damaged.

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 con-
nect them. Do not force the connectors!

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 to the controller. Use the weights provided to secure the two head cables
to the anti-vibration table. Take care that no tension or torsion is transmitted to 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.

Do not force the connectors and avoid any strain to the head cables. The AFM performance may be re-
duced or the AFM head and/or connectors may be damaged.
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2.3 Practical tips

2.2.5 Power on

If all components, i.e. the head, controller and computer, are connected properly, switch on the main power switch on
the back of the computer, and then switch on the computer at the front. The Linux Ubuntu system will start automatical-
ly (for more information about the operating system see Section § 10 ).

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

The upper image shows the front of the controller equipped with a
Signal Access Module (SAM, see Section 11.1.1).

The lower image shows the controller without SAM.

., -

- N
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.

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

‘ At the log in screen, enter the user name and password. For new systems, default account details are sent
ﬁ separately. Once you have logged in with a valid user account, the JPK SPM icon can be found on the
desktop to start the SPM software.

2.3 Practical tips

2.3.1 Maintenance and Cleaning

Cantilever holder

After using the cantilever holder in liquid (such as aqueous solutions or buffer, e.g. phosphate buffered saline (PBS) or
other protein solutions) rinse the holder with pure buffer solution, followed by ultrapure water. Finally, rinse with pure
ethanol and blow dry with clean air.

After use in liquid clean the cantilever holder immediately. Otherwise salts, proteins or any other molecules
A (depending on the liquid) may precipitate on the polished surface and reduce the optical transparency of the
cantilever holder.

Precipitation of proteins, salts, or fats onto the polished surfaces can dramatically decrease the sum signal for the AFM
detection laser. To prevent and remove such contamination, consider the following hints (see also
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www.zeiss.de/courses):
- Use only pure cotton swabs e.g. ITW Texwipe Clean Tips® or Eurotubo® swabs
- Use only Whatman lens Cleaning Tissue 105
- Do notimmerse the cantilever holder in strong acids or bases, or organic solvents.

- Tests revealed that strong acids or bases (pH 4.6 or lower, pH 9 or higher) can lead to a firmly attached white
layer (cloudy surface) within 10 to 60 min.

- Avoid fingerprints on the optically polished surfaces, remove fingerprints immediately with ethanol
- Clean the cantilever holder with a mild detergent (~pH 7), ethanol or 2-propanol (e.g. 70% pure grade)

The cantilever holder can also be cleaned with an ultrasonic bath. If required, some
detergent can be added to the water. Make sure that the cantilever holder is held
using a soft support, such as the supplied swimmer (see corresponding manual). Do
not ultrasonicate in a hard holder or glass beaker. Rinse the cantilever holder with
ultrapure water afterwards and dry it in a stream of nitrogen. Try to avoid any contact
with the optical planes. Please read the safety instructions given in section 1.3.1.

Do not touch the optical surfaces with your fingers or tweezers or any other material that could scratch the

Q surface, and do not store the cantilever holder lying on these surfaces. The optical surfaces may be damaged
and impair the function of the cantilever holder. Always store the cantilever holder in the supplied box or
cantilever changing stand.

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.

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 regu-
larly. 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 dis-
cussion about cantilever choices for different imaging modes in the NanoWizard® AFM Handbook.

A Handle the cantilever chips carefully:

- Do not touch the cantilevers with fingers. Use tweezers to handle them.
- Do not drop the cantilever chips. The cantilevers are delicate and may break off from the chip.
- Only open the cantilever package when necessary for taking out or inserting a cantilever, and always in a

clean environment.

A The tips may also be damaged by inappropriate scanning conditions:
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2.3 Practical tips

- Too high gain parameters (IGain and PGain) may lead to oscillations and damage the cantilever tip.
- Too high setpoint values (high force) in contact mode may damage the tip.

- Too low setpoint values (high force) in AC 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 bottom of the AFM head is sealed to protect the scanning system from water, buffer or any other liquid whose
vapor could damage the scanning system.

Always remove the cantilever holder immediately after experiments in liquids. Always remove the liquid from
the cantilever holder immediately if the head is moved into an upright position.
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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 SPM software, which controls the AFM operation. This
chapter provides a quick overview of the software structure and main functions, and links to find more specific infor-

mation on particular features from the menus or shortcut icons. More detailed instructions are given in the referenced
sections later in the manual.

3.1.1 Starting the program

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

3.1.2 Software overview

The graphic below shows the initial software state. The SPM software provides a dark and a light theme (Look&Feel),
i.e. it is possible to choose between a dark and a light software background (see figure below). In this manual most
screenshots show the light theme.

E‘ PK NanoWizard Control

Q1™ Mode - T Imaging

= Q™ Control . =[0]x
setpoint =L 0.1 Y
Z Length =] 30|[ = ol
Pixel Tme |~ [ 5.0/[« |ms
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e - oo 5 D a r'k th e e Setup Quantitative Imaging Mode
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X Offset =l 0.0{|+ Jym NCH-AU
Y Offset =] 0.0{[ » Juym

Grid Angla - « |deg
Pixels 256 % 256 -

Pixel Ratio 1.1 -

¥ Z Range e
0 pm ; 2.972 um 15 pm [ channel Filters Colorizer |

Extended Retracted
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S'u:yslem St;:ﬁsv Es d Height [~ || _
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H 3 Channel [Vertical Deflection = |
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=] ) Display All - =
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g 4 ® ¥ Min (=] a0|[«]v
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Instruments
| 11:12:37: Wrota configuraticn to spmgul-user.properties I 48 MB of 2.6 GB |

20 NanoWizard® Series User Manual Version 6.0



3.1 SPM software introduction and index

2 JPK NanoWizard Control +_B X
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1. The menu bar runs along the top of the screen; the drop-down menu options are listed in Section 3.1.3.
2. Theicon toolbar provides shortcuts for some of the most commonly used options, as listed in Section 3.1.4

3. The QI™ Control/Feedback Control panel can be seen on the left side of the screen. Here the parameters con-
trolling the measurement can be set. The QI™ Control parameters are discussed in Section 5.7.4. In other feed-
back modes than QI™, the Feedback Control panel appears, which is 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 any of the imaging modes. These settings are
discussed in Section 5.1.1and 5.7.4 (QI™ mode).

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 3.2.4.

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

The QI™ Oscilloscope and QI™ Setup appear upon starting the software, as QI™ Mode is initially selected. Please
read Section 5.7 for a detailed description of their functionality.

3.1.3 The menu bar

Along the top line of the user interface you will find a drop-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 Viewer Advanced Imaging Window Help
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Drop-down menu

Setup

_| Autosave

Scan Repetitions 2
BS Laser Alignment

Z Scanner 2
lz Z Piezo Display

Scanner Calibration

Approach Parameters

3\ Saving Settings

ooo
LAY

Channel Setup

X Scanners 3
9, Adjust High Resolution Scan Region
Experiment Remote Control

9, Advanced Feedback Settings

Looké&Feel 3

TTL Control

Exit Ctrl+Q
Motors

- £} Z Stepper Motors
| % Motor Leveling
i b Motorized Stage Control

Accessories

B3 CCD Camera

[ DirectOverlay Optical Calibration |

| [E Import Optical Image

| H= Pump Control

| @i FluidicsModule
Temperature Controllers 3
Voltage Output Settings
ExperimentPlanner

Conductive AFM

Short explanation

Autosave enables automatic saving of scans

Set Scan Repetitions (single/infinite scans)

Open the Laser Alignment window

Limit the Z-Range of the z piezo for better z resolution
Open the vertical Z Piezo Display

Open the conversion manager for Z Scanner Calibration
Change Approach Parameters and initial piezo position
Open the Saving Settings to manage data saving

Open the Channel Setup to manage channel storing

4+ Adjust the XY scan range to improve resolution
OAdjust the High Resolution Scan Region

4+ Experiment Remote Control (see corresp. manual)
Show and adjust Advanced Feedback Settings

Switch between the dark and light Look&Feel theme
Open TTL Control to control and monitor TTL signals
Exit the SPM software

Move the Z Stepper Motors to set the coarse height
Open the wizard for Motor Leveling
© Motorized Stage Control (see corresponding manual)

Launch the CCD camera

© DirectOverlay™ Optical Calibration in SPM

© calibrate and Import Optical Image into the data viewer
Pump Control for syringe pump

© FluidicsModule (see corresp. manual)

Temperature Control for & JPK temperature devices
Voltage Output Settings for setting a voltage on a DAC

4 Experiment Planner (see corresp. manual)

© Conductive AFM (see corresp. manual)

Details in
section

3.2.8
3.2.3
423
54.1
54.1
7.1

4.5.2
3.2.8
3.2.7
53

5.3

5.25

9.8

5.4.2
5.4.3

411
8.2

8.4.4
8.8.2

8.8.1
9.4
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' Open a new Data Viewer ' Open a new Data Viewer window 5.1.2
Height (measured) : List of active channels that can be displayed in the data 3.2.4
Height viewer

Display active channels in the currently opened Data Viewers
All Data Viewers are arranged on a grid and equally sized
Default Colortable » Set the Default Colortable for image display

[

= Open Script Open Script loads scripts for custom experiments 9.6

IPK 5PM Jython Console Open JPK SPM Jython Console for running macros etc. 9.5

[=] Real Time Scan Open the Real Time Scan oscilloscope window 9.2

Logging Settings Manage the Logging Settings 9.3
Advanced System Status Open the Advanced System Status window 45.4

Close All Frames

Save current Window Layout Now
[ Use Window Layout
Forget Saved Window Layout Forget deletes the personal settings

Data Viewer - Adhesion 1 Select from the list of other currently open windows
Data Viewer - Measure Slope 1

Data Viewer - Height (measured)

QI Setup

Quantitative Imaging Oscilloscope

Manipulation Pattern Manager

; About
| Credits |

b d

Information about the software version and related projects 331
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Some drop-down menus depend on the choice of Measurement mode. They provide access to the main windows nec-
essary to manage data acquisition.

Imaging
‘& Open Saved Image  Ctrl+0 I Open Saved Image: load AFM image into the scan list 514
| 8= Image Record List Image Record List: manage data storage 514

9, Advanced Imaging Settings Advanced Imaging Settings for scan speed and overscan 5.6

Hover Mode Settings Hover Mode Settings 5.9
= Oscilloscope Open the Oscilloscope window 551
] Spectrum Analyzer Open the frequency Spectrum Analyzer window 9.1
% Calibration Manager Open the Calibration Manager for cantilever calibration 7.2
Force Spectroscopy
| = Force Scan Series List Force Scan Series List: manage data storage 6.6.2
| Force Spectroscopy Oscilloscope | Open the Force Spectroscopy Oscilloscope window 6.1.2
nit Force Time Oscilloscope Open the Force Time Oscilloscope window 6.1.3
| %, Advanced Force Settings Open the Advanced Force Settings window 6.3
| < calibration Manager Open the Calibration Manager for cantilever calibration 7.2
Force Mapping
' i= |mage Record List Image Record List: Manage data storage 6.7.4
| Force Mapping Oscilloscope | Open the Force Mapping Oscilloscope window 6.7.3
nt] Force Time Oscilloscope Open the Force Time Oscilloscope window 6.1.3
4, Advanced Force Settings Open the Advanced Force Settings window 6.3
=5 Calibration Manager Open the Calibration Manager for cantilever calibration 7.2
Quantitative Imaging
' = Image Record List Image Record List: manage data storage 5.7.6
| i QI oscilloscope . Open the Quantitative Imaging Oscilloscope window 5.7.2
A, Advanced QI™ Settings Open the Advanced QI™ Settings 5.7.5
|
< Calibration Manager Open the Calibration Manager for cantilever calibration 7.2
Q@I QI™ Setup Open the QI™ Setup to optimize QI™ settings 5.7.3

Software extension modules

& Some drop down menus only appear if the corresponding software extension modules have been purchased:

Manipulation o
Manipulation Pattern Manager . Open the Manipulation Pattern Manager 8.7
| I3 Import Manipulation Pattern | Import a Manipulation Pattern 8.7.4
= Import Pattern for Background Import a Pattern for Background 8.7.6
2 Save Manipulation Pattern Save a Manipulation Pattern 8.7
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Voltage Spectroscopy

' % ‘oltage Spectroscopy Series List |
| ] Voltage Spectroscopy Oscilloscope |
nvt] Voltage Spectroscopy Time Oscillo..,
::: Spectroscopy Pattern Manager
M\ Weltage Spectroscopy Repetitions

v=I Input Calibration Manager

This mode is part of the € Conductive AFM module

Manage data storage in Voltage Spectroscopy mode
Open the Voltage Spectroscopy Oscilloscope window
Open the Voltage Spectroscopy Time Oscilloscope
Open the Spectroscopy Pattern Manager

Set Voltage Spectroscopy Repetitions

Open the Input Calibration Manager

Fast Imaging (4

' I= Open Saved Image  cCtrl+0 : Open Saved Image: load AFM image into the scan list 51

| 8= Image Record List Image Record List: manage data storage 514
9, Advanced Imaging Settings Advanced Imaging Settings for scan speed and overscan 5.6
=] Oscilloscope Open the Oscilloscope window 551
=] Spectrum Analyzer Open the frequency Spectrum Analyzer window 9.1
< Calibration Manager Open the Calibration Manager for cantilever calibration 7.2

3.1.4 The shortcut icon toolbar

Below the menu bar you can find icons for launching 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 pur-

chased.

FFE (4] RH[#[-EE (o

v| ‘g Imaging v‘

‘Contact Mode

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:
a - Autosave — this toggle button both shows the status and activates the Autosave 3.2.8
& function so that all scans are automatically saved.
\k Saving Settings — this is used to set the name, location and content of data files 3.2.8
L saved from the software.
' _ 45.2
Approach starts the movement of the cantilever towards the surface.
’ Run starts a scan (in many modes this is only active if the cantilever is ap- 45.4
proached at the surface).
* Retract moves the cantilever away from the sample using the Z piezo or the Z 4.5.4
stepper motors.
ﬁ The Z Stepper Motor window controls the 3 motors for coarse approach or re- 5.3
traction. They can also be moved independently to change the tilt of the head.
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Open the © Motorized Stage Control to move the JPK Motorized Precision
Stage (optional accessory, see the corresponding manual).

I '_ 1 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 Calibration Manager to determine the spring constant and sensitivity of
a cantilever.

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

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
(requires optional software module DirectOverlay). The button is only active when
an optical image is selected in the scan list.

Import optical image loads an already existing optical image from disk

0" o% (D) 28 [ (1] &

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

Contact Mode v|

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

The Measurement Mode is set with the second drop-down box. This
|§ Imaging v| defines the kind of measurements or scans that will be made. The set
of available measurement modes depends on the Feedback Mode.

Some icons only appear upon the selection of the corresponding measurement modes:

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

o The Oscilloscope shows the trace and retrace line cross sections of the current scan
— line.

..—.

The Image Record List gives an overview of the acquired images and allows sorting
a— and saving of data.

The Force Scan Series List gives an overview of the acquired force curves and allows
sorting and saving of data.

Open the Force Spectroscopy or Force Mapping or Quantitative Imaging Oscillo-
_ scope to display force distance curves.

4.2.3

411

8.4.4

8.4.4

4.4

441

3.21

515

6.6.2

6.1.2
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Vi

3.2

Introduction to the main controls

3.2.1 Oscilloscopes and the Oscilloscope Toolbar

Open the Force Time Oscilloscope to display the force data plotted against time. 6.1.3

Non-image data such as scan lines or force spectroscopy data are usually displayed in Oscilloscope windows. There
are different kinds of Oscilloscopes for different measurement modes, but the display settings are common to all.

=

[-[o]x

Height {measured): Trace (nm)

4 5 6
offset (um)

(W) adeney (peinseau) 1BieH

(a](E]H]T]

¥ Horizontal Axis

X Max CI o] [
X Min ] o[+ Jum
¥ Vertical Axis

Chl|ch2|ch3|cha

Channel |Height (measured)

Display |Both

Max [3\ EO\B nm

Min (-]l ~40[ =] nm

Leveling |Linear
Color (Trace) == Light Blue
Color (Retrace) | = Dark Blue
() Draw the last scan

F4|

The plot area is usually on the left, with the
display settings on the right. The scaling for
both axes can be changed as well as the
displayed data channels. Changing the
display has no impact on data saving.

Vertical Axis: Use the different tabs (Ch1,
Ch2...) to display several channels.

The Oscilloscope toolbar allows automatic scaling of the oscilloscope data display.

35

i

K@k

Full Range X

Full Range Y

Zoom —select a rectangular area with the left mouse button in the plot, which updates the axis scale.

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

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

Save current data (e.g. scan lines in imaging modes or force curves in force spectroscopy based modes)

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

mouse button menu in the plot area

3.2.2 Feedback Control

Shift + scrolling the mouse wheel in the plot area zooms in Y

Click and drag with the mouse wheel in the plot area to shift the displayed region of the curve

The tools Zoom and Full Range XY from the toolbar can be accessed in most oscilloscopes directly from the right

The Feedback Control appears in the top left position in all measurement modes, except QI™. These settings define

how the Z-position of the cantilever is controlled during contact state. The Setpoint value represents the force applied to
the sample. IGain and PGain are part of the PI (proportional-integral) feedback system.
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¥ Feedback Control The settings displayed here are explained in Chapter 8 5 . The
IGain =]l  150.0/[ =« |He Setpoint value represents the force applied to the sample, depend-
PGain | - || 0. 0048|| - | ing on the imaging mode. See Section 5.2 for details on how to
Setpoint [~ || o, 3|| - |v choose these parameters. In some feedback modes there are multi-

ple gains and setpoints.

3.2.3 Scan Repetitions

Scan Repetitions allows switching between infinite data acquisition (Infinite Scans) and single measurements (Single
Scan).

Setup Choose Scan Repetitions in the Setup pull down
menu to manage scan repetitions. The default is set
_| Autosave o ) )
to Infinite Scans. If Single Scans is enabled, the
Scan Repetitions » _| Single Scans . .
system stops scanning after one scan and rests in
e : e
B9 Laser Alignment L/ Infinite Scans idle mode.
Z Scanner 3 o
| Single Scans During scanning there is the possibility to select Stop
.| Infinite Scans After Current Scan, to prevent the system from

Stop After Current Scan scanning further images after the current scan.

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 measurements (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.

_o <] The Data Viewer displays images that are currently being

scanned, and old scans from stored images in the Image
Record List (see Section 5.1.4). Multiple windows can be
opened to show data from different channels or with different
settings.

The right mouse click menu allows moving of the scan re-
gion and controlling several display options (see Section
5.1.3). The controls on the bar at the bottom of the data
viewer set the display options and are thoroughly described
in Section 5.1.2 as well.

Slow Axis (pm)

\ Channel Filters Colorizer | | ‘
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3.2.5 Increasing and decreasing values with the increment buttons

¥ Feedback Control The SPM software contains many input fields, where values for the control
1 5zl EHE E]Hz parameters are shown and new values can be entered directly. The incre-
PGain E“ 0.001 E] ment buttons (up and down arrows) are used to quickly increase or de-
Setpoint E]| 0.3 E]V crease the value of the input field by fixed steps using the mouse.

Adjust Stepsize | To adjust the step size for each input field (e.g. here the Setpoint), right-

click with the mouse on one of the arrows, and select Adjust Stepsize.

52 Adjust Stepsize The value can then be changed.

Change step for value: Setpoint

Note, the keyboard shortcuts page-up and page-down can also be used to

0.01 |V
| quickly change a selected value using these increments.

3.2.6 Personal display settings

|ﬂi“’i_1°“’ | 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
that they appear in the same place when they are opened again.

]
_ If it is off, the layout can be saved directly with Save Window Layout Now.

Use Window Layout 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

[¥] Close All Frames

Forget Saved Window Layout
that are currently open.

Data Viewer - Adhesion 1

B = [ S The list of windows at the bottom gives the choice to bring any of the current-

_ ly open windows to the top level.
Data Viewer - Height {(measured)
Ql Setup
Quantitative Imaging Oscilloscope

Manipulation Pattern Manager

The personal display settings are saved

P —— SIE for ~each login account under
He 5 Yo G pokrafts beb /home/username/jpkdata/configuration
4 Back v & 2 B B g 100% @ |iconview :| @& p g
(| v X < icht jpkd: nfi i . .
o (<) e ) ot Gt The files here store display and channel
[ richter
B Desktop & ﬂ d d settings (saving settings selections etc.)
(=] File system script-settings calibration. dpgui-user. dpgui-user-frame.
gmwo* for both SPM and DP.
Trash
S B = 5]
o Music eleCUONCSIST  pUmpsproperties  spMQU-User. - spmguk-user rame. To reset everything to default, these files
properties properties
[E Pictures . .
5 videos d can be deleted in the normal file browser
o syiinges properies when SPM and DP are closed. New files
will automatically be created with the
9 items, Free space: 54.9 GB default ValueS the I’IeXt tlme SPM and DP

are started.

A Please close the SPM software before deleting any of these files.
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3.2.7 Channel Setup

The Channel Setup lists all available data channels, which can be displayed and saved during AFM operation. The list
of available channels depends on the type of controller, and also the feedback mode that is being used.

The channels to be displayed and acquired must be activated in the Channel Setup list. There is a preselection of
standard channels, which are sufficient for the majority of experiments. Open the Channel Setup via the Setup drop-
down meu to control channel activation or to enable additional channels.

B2 |_ — | = | X Enable the desired channels to make them available for data
Inputs ||ntema| | outputs | ADC | display (e.g. Data Viewer, Section 3.2.4 or Real Time Oscillo-
scope Section 9.2) and saving (see next Section 3.2.8).
External channel Internal channel  Enable
Cap-X signal Cap. Sensor X 0
Cap-Y signal Cap. Sensor Y 0
Gated Photon Counter 1 Photon Counter 1 0
Gated Photon Counter 2 Photon Counter 2 0
Height sensor Height (measured) #1
High Resolution 17 High Resclution 0
High Speed 13 High Speed 1 0
High Speed 14 High Speed 2 0
High Speed 15 High Speed 3 0
High Speed 16 High Speed 4 0
Precision 1 Vertical Deflection
Precision 2 Lateral Deflection (v,
Precision 3 Precision 3 0
Precision 4 Photo Sum 0
Precision 5 Precision 5 0
Precision 6 Precision 6 0
Precision 7 Precision 7 0
Precision 8 Precision 8 0
Precision 9 Precision 9 0
Precision 10 Precision 10 0
Precision 11 Precision 11 0
Precision 12 Precision 12 0
Approximate scan file size: 5242.88 kb
Approximate scan memory size: 7340.03 kb
| Close @

s\, Open the Saving Settings (Section 3.2.8) to manage data saving.

External input channels from other devices or accessories connected to the Signal Access Module (see
Section 11.1.1) must also be activated to make them available for data display and saving.

3.2.8 Saving Settings

The Saving Settings window is used to define the default file locations, filenames and text comments for data saving.
The settings here also control the default list of data channels that will be saved in the different measurement modes.
There is a preselection of standard channels, which are usually sufficient for the majority of experiments.

Open the Saving Settings via the Setup drop-down menu.
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& =2 x! select the channels to be saved
& Use one folder for all data types E » home » jpkuser » jpkdata » | within the register card of the corre-
‘ DirectOverlay Optical Calibration ‘ QI™ Advanced Imaging ‘ QI™ Imaging ‘ Voltage Spectroscopy ‘ Sponding measurement mode.

Image Scans | Force Scans | Force Scan Maps Real Time Scans | Voltammetry Temperature data |

Filename root: |saue | Channel 'Is'raavfewll.ter;:rsaccaen . .

Folder: 2+ jpkuser » jpkdata » HelghtI - % % By default, the filename is Composed
& Auto-save also applies to incomplete scans L:tr‘;\rcaa‘ DD;:‘:CCJ:)O: 15 v of the Filename Root and the
® Filename-Timestamp Auxiliary Channel 1 ] O . B
O Filaname-Counter (0} Auwliary Channel 3 Timestamp (date and time). Type a

Auriliary Channel 4 . . .
Name [ | Error signal ¥ o filename root in the corresponding
Comment Blank Data . . T .
mes 0O O input field for individual data naming.
recision
Precision 5 Activate the Filename Counter to
Precision 7
Height (measured) & # use numbering of the files instead of
a timestamp and toggle Reset Coun-
ter to reset the counter to zero. Save
additional information using the
Name and Comment fields.
Channel Setup | §%

Type a desired Folder where to save all the data. The option Use one folder for all data types at the top is a useful
shortcut to save all types of data, e.g. of each measurement mode, in one location.

|E » home » tneumann » Docum6ﬂt8|'| Browse the file system using the down buttons within the file path and
Testl choose the desired directory. Type a new directory by clicking directly
— into the file path.
lugy Test2

|y Test3

Note that data channels must be activated in the Channel Setup (see Section 3.2.7) to make them available
in the Saving Settings list. This also applies for external input channels from other devices or accessories
connected to the Signal Access Module (see Section 11.1.1) In case of a missing channel, open the
Channel Setup using the corresponding shortcut icon on the bottom of the Saving Settings window.

‘. E # | Autosave ON
‘. a L | Autosave OFF

Activate Autosave in the shortcut icon toolbar (see Section 3.1.4) to save all data by
default. Enable the Auto-save also applies to incomplete scans tick box in the
Saving Settings window to apply Autosave to incomplete scans as well. If this option is
disabled, Autosaves only apply to completed scans. Alternatively, complete as well as
incomplete scans can be saved manually using the Image Record List (see Section
5.1.5) for imaging modes and force mapping or the Force Scan Series List for Force
Spectroscoy mode (see Section 6.6.2).

Not that the Autosave option for incomplete scans as well as the file naming and saving as well as additional
information like Comment and Name must be defined for each measurement mode separately within the
corresponding register cards.

3.3 Software versions and updates

The SPM control and Data Processing (DP) software are installed on an Ubuntu operating system based on Linux.

The intuitive graphical user interface allows operating also by non-Linux specialists. Find some basic information about

Ubuntu in Section § 10

The SPM and DP software is developed by JPK. In case of any trouble or issues, please contact JPK for assistance

(support@jpk.com / +49 30 726243 500).
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The SPM and DP software undergo continuous development and regular updates (releases) are provided on the JPK
customer website http://customers.jpk.com. Customers are informed of major new releases by email; in between there
may be minor releases for particular features, which can be downloaded at any time. Please regularly check the cus-
tomer website for new updates for download and installation.

The customer website is password-protected; please enter the login name and password. The login-name is your de-
vice number, e.g. JPK00111, which you can find on the instrument. The password is provided within a dedicated enve-
lope with the AFM system at installation.

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. In brief, log-in with the administrator account jpkroot and copy the
downloaded update installer to a local directory, e.g. to the Desktop. Run the installer from the Linux console using the
following command line:

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

The full file path for the installation 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 if you have problems downloading or in-
stalling the update, please contact JPK for assistance (support@jpk.com / +49 30 726243 500).

3.3.1 SPM software versions

Open the About window using the Help drop-

Available extensions:

*AC feedback modes down menu to find information on the software
~ * Conductive AFM
NanoWizard® 3a | Gontact Rezonance version installed on your computer. Please note
Control Software v.6 e e this number if you contact JPK for assistance.

*Fast Imaging
* FluidicsModule
el The version number is located on the bottom
* Manipulation

*Modulation segments for the RampDesigner || |@ft corner. Available Extensions are listed on
* Motorized Stage

- nstrumen an resery —ww. com ~ *Pheton Count i i i i i I
mﬁiﬂﬁgﬂ;‘mﬁmngeﬁ's:&%'fmm’f’o\. Biohﬁ}md *P\eznogeS%L;Twslggmeasurements the rlght hand Slde' ThlS deflnes WhICh Optlons
NancTracker are tracemarks or reg stered trademarks of JPK Instruments AG * Pump Control ) ) . .

* Quantitative Imaging will be available in the software — controls will
IP" : Euantitztivet\maging Asdxagc‘ed . . .
aman Spectroscopy S An -

AR iyt s LR be enabled depending which modules are in

* RampDesigner for force mapping

* Scripting Sta"ed.
*TTL Input/Cutput

*Voltage Ramp measurements
Version 6.0.28+ Instrument number C6

If there is any trouble with the software it helps to have as much information as possible. Any errors or warning mes-
sages are automatically written to a log file in the data directory, \user\jpkdata. The file name includes the date and time
when the software was last started, e.g. spm-2016.03.29-11.16.43.log. It will help us to respond quickly to your re-
quests if you send us the file as an email attachment.

In case of any trouble or issues, please contact JPK for assistance (support@jpk.com / +49 30 726243 500).
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84 Setting up and approaching

This chapter describes the basic steps to prepare an AFM measurement. This covers the interplay with optical devices,
mounting of the cantilever and set-up of the optical detection system, sample mounting as well as the final Approach to
the sample surface.

4.1 Optical devices

Most NanoWizard® AFM systems are equipped with optical devices (e.g. inverted optical microscope or the JPK top
view optics™) with a firewire camera mounted. The optics and camera help to align the laser spot position on the canti-
lever (see Section 4.2.4) and to find interesting scan regions on the sample for AFM analysis. The optional &
DirectOverlay™ software module allows importing of optical images into the SPM software and to select a scan region
directly within the optical image (see Section 8.2). The simultaneous use of advanced optical microscopy techniques
(e.g. optical contrast techniques or fluorescence microscopy) provides complementary data for comprehensive sample
analysis.

4.1.1 The CCD camera - JUnicam

The SPM software uses the JUnicam software to control camera devices. JPK supports several camera models from
different manufacturers. Please contact JPK for more information on camera support (support@jpk.com / +49
30 726243 500).

Make sure that JUnicam is closed. Connect the camera to the AFM computer, preferably to a port labelled
Video. Start the JUnicam software using the camera icon at the shortcut icon toolbar.

Detailed information about JUnicam and software support for different camera families are given in a separate manual
(JPK Software Integration for Cameras).

Firewire is not a plug-and-play connection. Voltage pulses may destroy firewire cameras if
plugged/unplugged during JUnicam operation. Close the JUnicam software before plugging/unplugging

firewire cameras.

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 canti-
lever, 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 can be adjusted 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
(when the scan angle is set to the default).

NanoWizard® Series User Manual Version 6.0 33


mailto:support@jpk.com

l“ I‘ Nanotechnology for Life Sci §4 Setting up and approaching

Instruments

4.1.3 Optical imaging hardware - inverted optical microscopes

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.

Microscope alignment for Kéhler illumination

Modern optical microscopes are equipped for Kohler illumination. This is important to achieve optimal contrast for
transmission light techniques such as optical phase contrast or differential interference contrast (DIC). There are many
websites with helpful tutorials and information on basic concepts such as Kéhler illumination, phase contrast and DIC:

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

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

For inverted optical microscopes, the illumination light comes from above and passes through the AFM
head before it reaches the sample. The optics within the AFM head influence the light path. Re-align the
Kohler illumination upon mounting the AFM head.

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 Cantilever holder

The cantilever probe is fixed to a cantilever holder, which is locked into the AFM head for scanning. This cantilever
holder consists of a transparent glass body and a holding mechanism to stably fix the cantilever. The top and bottom
surfaces of the cantilever holder are polished to allow for transmission of the laser beam of the laser detection system
to measure the cantilever deflection. The high transparency of the cantilever holder also enables the simultaneous use
of transmission illumination for the application of contrast enhancing light microscopy techniques. The head is located
between the top illumination of an inverted optical microscope and the sample, i.e. the light passes through the AFM
head before it reaches the sample.

cantilever Cantilever holder with polished surfaces making it highly transparent. The cantilever is
'S"J:,'fz"'::‘!_ X positioned directly over the polished surface to make it accessible to the laser detection
’ ‘f system. The support area for the cantilever chip is tilted at 10 degrees to ensure that the

tip at the end of the cantilever reaches the surface first.
-
_— The optical glass of the cantilever holder is resistant against most chemicals, but may be
easily scratched. For cleaning advice see Section 2.3.1.
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4.2 Set up the cantilever and optical detection system

There are various shapes of the cantilever holder, 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 identical.

Fixed spring cantilever
holder.

Straight-sided cantilever
holder

Super-cut cantilever hold-
er

Super-cut extended canti-
lever holder.

Side-view cantilever hold-
er

HyperDrive™ cantilever
holder

Fast Scanner cantilever
holder.

The extra-long cantilever holder with angled
faces and fixed cantilever spring is compati-
ble with all JPK sample holders. Depending
on the mounted cantilever, the spring imple-
ments an electrical tip connection.

The cantilever holder 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.

The cantilever holder with the angled end
provides more space for easier handling in
enclosed liquid cells.

The extra-long cantilever holder with angled
faces is designed for the use with the JPK
PetriDishHeater™. This cantilever holder is
compatible with all JPK sample holders.

This cantilever holder houses a mirror at a
45° angle, which allows for a side-view of the
tip-sample interaction.

This cantilever holder houses a piezo ceram-
ic incorporated into a PEEK composite. The
cantilever can be driven directly using the
optional €2JPK HyperDrive™ mode.

This cantilever holder houses a z-scanner
incorporated into a PEEK composite for fast
scanning or advanced dynamic modes like
©DirectDrive™ or €?HyperDrive™ mode.
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4.2.2 Mounting the cantilever

Use the cantilever changing stand to mount or remove the cantilever chip from the cantilever holder. This tool secures
the cantilever holder and helps to avoid damaging the cantilever holder when changing the cantilever. Additionally, the
changing stand corrects for the tilt of the chip holding part of the cantilever holder to facilitate cantilever mounting.

Put the cantilever holder into the cantilever changing stand. The
notches in the cantilever holder must be lined up with the metal tabs
on the changing stand.

Turn the cantilever holder by 90 degrees into position ensuring that
the clip side of the holder is nearest the highest part of the sloped
tool. Turn the two finger grips on the rim of the steel disk anti-
clockwise in order to lock the cantilever holder in place. This is basi-
cally the same mechanism as used to Mount the cantilever holder
into the AFM head.

Mount the cantilever chip and clamp it to the cantilever holder as
described below.

the cantilever holder may slip sideways or fall down and break. Always use the cantilever changing stand

g If the cantilever is mounted/unmounted to/from the cantilever without using the cantilever changing stand,
to mount/unmount the cantilever.
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Mounting the cantilever to the fixed spring cantilever holder

A B Working with the Fixed spring cantilever holder a
Cantilever T Phillips screw driver must be used to adjust the fixed
loose spring by turning the Phillips screw (B). Turning the

screw clockwise will tighten the clip onto the cantile-
ver (C) and counterclockwise will release the cantile-
ver (A).

Cantilever O
fixed untighten™_""

phillips screw q
tighten
phillips screw p

S+ The fixed spring can be unmounted for replacement
or cleaning by unscrewing the Phillips screw (S+) at
? e the top and the slotted screw (S-) at the base of the
- ) % cantilever holder.
| N

Da S+ S

Do not touch the optical surfaces with the screw driver or tweezers! This may scratch the optical surface
and will reduce the transparency of the cantilever holder.

screw driver and thus damaging the cantilever holder. Use only the supplied Phillips screw driver or

; The use of inappropriate screw drivers may damage the Phillips screw or lead to slipping off with the
equivalent! If in doubt please check with JPK

Mounting the cantilever to the cantilever holder using a loose spring

Place the cantilever chip onto the inclined part of the
cantilever holder. The cantilever chip should be placed
centrally between the two alignment marks (B), with
\/ X X the cantilever arm over the polished part. The cantile-

ver itself should be in the center of the cantilever
holder; do not move the cantilever substrate chip too
far forwards.

A Cantilever When the cantilever is in the right position (A, B), grip the
Spring bottom loops of the spring firmly with a pair of tweezers and
groove squeeze to lift the front part. Slide the spring into the

groove and release the loops to clamp the cantilever firmly
(C). The position of the cantilever can be carefully adjusted
using tweezers once the spring is in place, taking care not
to allow the tweezers to contact the polished part of the

— cantilever holder.
Alignment marks

Cantilever
spring

The spring may gradually become weaker and must be
replaced occasionally. Some springs are delivered with
new instruments, more can be ordered from JPK if they
need replacing or are lost.
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Do not touch the optical surfaces with the screw driver or tweezers! This may scratch the optical surface
and will reduce the transparency of the cantilever holder.

Mount the cantilever holder to the AFM head

Put the AFM head in the upright position to
mount/unmount the cantilever holder.

released The cantilever holder is held in the AFM head with a
clamp mechanism. Line up the notches in the canti-
lever holder with the metal tabs on the AFM head to
place the cantilever holder properly (blue arrows).
Turn the cantilever holder by 90 degrees into posi-
tion; the cantilever spring is on the left hand side.
Lock the cantilever holder with the two finger grips on
the rim of the steel disk (red arrows); a faint click
should be felt as the spring locks.

In the mounted position, the cantilever chip must be positioned parallel to the desk, with the spring on the

O left hand side.

The cantilever holder may fall off the AFM head and break if the clamp mechanism is not locked properly.
Make sure that the clamp mechanism is locked before putting the AFM head in place for scanning opera-
tion.

4.2.3 Setting up the laser detection system

As the tip of the cantilever is scanned across the sample its deflection is detected by a laser beam that is focused onto
and reflected by the cantilever. As the cantilever interacts with the sample, the reflection angle changes, which is de-
tected by a four-segment photodiode. At zero deflection, the reflected laser spot must be in the center 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 cantilever holder, since the can-
tilever will always be in a slightly different position.

Open the SPM software and click the icon on the shortcut icon toolbar to open the Laser Alignment win-
[ | | dow.

38 NanoWizard® Series User Manual Version 6.0



4.2 Set up the cantilever and optical detection system

Laser Alignment (/@ X | The Laser Alignment window gives a graphical representation of
ertical deflection e detector signals for the adjustment process. The Sum value
Vertical deflect the detector signals for the adjustment p The S |

_% is the total signal from all four quadrants of the detector. If the

= laser beam does not fall onto the detector, the Sum will be 0 V
Lateral deflection o

-0.06 v | and no yellow spot is displayed.
| I
_— - If the reflected beam reaches the detector, then the position is
represented by the yellow spot. The actual values of the vertical

I and lateral deflection are also given in Volts.

s The shortcut icons allow the user to change quickly between a large and small view. The max-
] A L . N . . . .
A imize icon enlarges the window, which is convenient for laser alignment during setup. The min-
imize icon returns the window to its smallest size for normal operation.
: I— The laser can be switched on and off manually. When the head is placed in the horizontal posi-
tion ready for scanning, the laser is switched on by default.

in the software, but the red diode in front of the AFM head is off, the laser safety tilt switch is activated.

O Make sure that the laser is switched on before starting the alignment procedure. If the laser is switched on
The laser will switch on when the head is placed in the horizontal position.

4.2.4 Adjust the laser beam onto the end of the cantilever

Use the optical microscope or the JPK TopViewOptics™ to visualize the cantilever with the CCD camera. The IR laser
spot cannot 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. Decrease the illumination to find the laser spot as this makes
scattered light far from the focus visible.

If the laser spot cannot be seen in the optical microscope, check for any safety or fluorescence filters in
the optical path that may be cutting IR wavelengths.

Optical path schematic AFM head adjustment Optical microscope image
Prism Laser ™~ P
Laser m
\ Adjustment
Mirror \ v \ ;
W\y )
Laser Adjustment

Detector Cantilever

Screws

The laser position must be moved using the adjustment screws until the beam is directed onto the cantilever.
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All four positioning screws have end stops in each direction. Do not over-wind the screws. This may de-
stroy the positioning mechanism.

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.

4.2.5 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 center 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 upon proper alignment of the laser spot onto the
cantilever. Otherwise the laser beam will not be reflected and further alignment is impossible.

Optical path schematic AFM head adjustment Optical microscope image

Prism Laser

Mirror
Adjustment

Mirror Adjustment
Screw

Detector Cantilever

If the laser spot is properly aligned on the cantilever, but the Sum is close to 0 V, the mirror needs adjusting. In order to
minimize drift, there is a release mechanism that holds the positioning screw out of contact with the mirror when not in
use. 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. Only small movements are necessary, as small changes in the mirror angle result
in relatively large changes in the optical path. Adjust the mirror until the Sum shows the maximum value achievable.

The maximum Sum value depends on the type of cantilever — both the shape and whether there is any metal coating
on the back. Typically, values vary between around 1 V for non-coated silicon cantilevers and around 5 V for gold-
coated silicon nitride cantilevers.

Setting up in liquid

When the bottom face of the cantilever holder and the cantilever are immersed in liquid the optical path of the laser
beam reflected from the tip is changed due to the difference in refractive index between air and liquid. The mirror helps
to correct for the difference in angle of the optical path.

The mirror will not always need readjustment every time a new measurement is made. Adjustments need to be made

when changing from air to liquid operation or back again.

If 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.
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The vertical deflection signal may drift continuously upon setting up in liquid. This is due to thermal effects,
which result in bending of the cantilever. The drifting will reduce as the system reaches equilibrium. Wait
until the drifting effect is reduced to a minimum before starting the measurement.

4.2.6 Adjust the spot onto the center of the detector

When the laser spot position and, if necessary, the mirror angle have been adjusted, the photo detector must be moved
until the laser beam falls on the center.

Optical path schematic AFM head adjustment Laser Alignment Window
Detector Prism Laser T 77~5 1

Adjustment 7 L ] Vertical Deflection
If— .
J " J .. Lateral De‘}leuinn
m
\ ®@ :
\ o
Mirror o!.‘:".o - L & ;e

0.0Y V
Detector Adjustment
Screws

S

Detector Cantilever

The Laser Alignment window in the SPM software shows the signal from the different quadrants of the detector graph-
ically. Adjust the detector adjustment screws so that the spot is in the center 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 region shows the
center position of the laser beam relative to the four quadrants, not the representative size!

This is what the Laser Alignment should look like after successful

Vertical Deflection

0.14V adjustment:
| I
0 T 1. Sum is at the maximum value for that cantilever.
ateral Deflection
0.04 V
_i]ﬁ 2. The yellow spot is in the center of the photodiode.
Sum
.- 5.12V 3. Vertical Def and Lateral Def are close to zero.
|

4.2.7 Troubleshooting alignment problems

Not able to align the laser onto cantilever

First check 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 cantilever holder is wrong.
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Check the cantilever position on the cantilever holder: it should
be placed centrally between the two grooves, with the cantilever

arm over the polished glass part, close to the inclined edge. If
the cantilever is positioned too far forwards or to one side, this
\/ X X may cause alignment problems. Try repositioning of the cantile-

ver.

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.

Not able to align the 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 values, because they stay at the saturated end position. If
so, watch the Sum in the Laser Alignment window as the adjustment screws are turned. When the detector is moving
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.

If this procedure does not work for Lateral deflection, then the cantilever is probably damaged, or either it or the canti-
lever holder have been inserted at an angle. If this procedure does not work for Vertical deflection, first move the
detector positioning screws back to the middle of the range, then adjust the mirror as described in Section 4.2.5.

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 cantilever holder — this can also interfere with the optical path. Focus on the cantilever
holder 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.

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 adjusting the laser again to the center of the detector.

There may also be problems in liquid, as the deflection of the cantilever is sensitive to many environmental effects. Air
bubbles may stick to the cantilever and cause the vertical deflection to jump. Check the cantilever optically and try to
remove the bubbles by lifting up the head. The resulting liquid-to-air-transition of the cantilever may help to tear off any
bubbles. If this does not succeed, use lint-free tissue to remove the liquid from the cantilever. To prevent the formation
of air bubbles pre-wet the cantilever with a drop of liquid using a pipette, when the cantilever is mounted in the AFM
head in the upright position.

Aluminum-coated silicon cantilevers are not recommended for use in any liquid. The coating is used to increase the
reflected laser signal and is useful 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. It is important to check
the product codes when ordering silicon cantilevers. Check the back side of the cantilever (the side that is usually hid-
den 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 aluminum 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 show 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
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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 in-
stance. In AC mode the amplitude is not as directly sensitive to these changes as the deflection in contact mode.

4.3 Mounting the sample

In AFM microscopy, it is crucial to avoid unwanted movements 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

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 sur-
face 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 center part. The gap is shown
here exaggerated, to visualize 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. The sample will not
move during this de-coupling. The de-coupling releases the sample holder from
the positioning arms, but it is still held firmly by the magnetic contacts under-
neath.

The release mechanism is required to remove the mechanical coupling between the sample and sample
holder. This is very important to reduce mechanical noise to a minimum and to optimize the performance for
high resolution imaging.

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-
tions are marked in red, and are similar to the Life Science stage. The

L=
)

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

When the sample is mounted and the cantilever aligned, the cantilever has to be approached to the sample until con-
tacting with a defined setpoint. There are different feedback modes which differ in what it is about the cantilever that is
being controlled (typically its deflection or amplitude). Prior to approaching, the desired feedback-mode for imaging
must be selected. Some of the listed feedback modes are optional and would need to be purchased separately. Please
read the corresponding manual for detailed description.

QI™ Mode " There are several options for the NanoWizard® feedback modes, which are either

based on the vertical deflection, such as Contact Mode (Section 4.4.1) or QI™

' AC Maode ' Mode (Section 5.7), or which are based on the resonance properties of the oscillat-
Ql™ Mode ing cantilever, such as AC Mode (Section 4.4.1), or Phase Modulation mode.

Contact Mode Select the desired feedback mode from the feedback drop-down list.
Force Modulation Mode

Frequency Modulation

Phase Modulation

Self Excitation FM Mode

Contact Resonance

HyperDrive ™

Fiezo Response

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 deflection of the cantilever is used as the feedback signal. In this
case, the Vertical Deflection value is used as the feedback channel. In modes using the vertical deflection as setpoint,
like QI™ Mode or Contact Mode, no additional parameter adjustment is necessary for approaching.

The other main group of feedback modes uses 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®, the simplest version of
this type of mode is called AC Mode. For approaching the cantilever in oscillation-based modes, the cantilever reso-
nance must be found and the parameters for driving the cantilever oscillation and the setpoint values must be deter-
mined. This procedure is referred to as Cantilever Tuning.
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441 QI™ Mode

In Q™ mode, a force curve with a defined setpoint force is acquired at each pixel of the scan region, and the piezo
height at 80 % of the setpoint force is determined. Please read Section 6.2 for basic information on force spectroscopy.

Choose QI™ Mode from the feedback-mode list in the shortcut icon toolbar to ap-

‘QI"' Mode
proach and perform experiments in QI™ mode.

AC Mode
Q™ Mode
Contact Mode

The QI™ Control panel appears on the left hand side and the QI™ Setup will open.

¥ QI Control L The Setpoint for imaging can directly be typed into the corresponding
Setpoint I 0.1f[=]v input field in the QI™ Control panel. Please read Section 5.7 for de-
Z Length |z]| 30||_Z] nm tailed information on how to perform the QI™ Setup and imaging in
Pixel Time |z] | 60| |z] ms QI™ mode.

4.4.2 Contact Mode

In contact mode the direct vertical deflection of the cantilever is used as the feedback signal. An imaging setpoint (de-
fined vertical deflection) is set, and the feedback-loop adjusts the piezo height to keep this setpoint deflection constant.

‘Ql,.. Mode “ Choose Contact Mode from the feedback-mode list in the shortcut icon toolbar to
approach and perform experiments in contact mode.

. AC Mode

Q™ Mode
¥ Feedback Control - The Feedback Control panel appears on the left hand side. The Setpoint
ozl I;] |ﬂ| l;]"'z for imaging, which is also used for the approach, can directly be typed into
PGain -]l o.00as|[ ] the corresponding input field, as well as the imaging gains. Please read Sec-
Setpoint |z]| I3-3||_1]"-'“ tion 5.2.1 for detailed information on how to optimize imaging gains.

4.4.3 Cantilever Tuning - AC Mode

In AC mode the cantilever is oscillated with defined amplitude close to its resonance frequency. In basic AC mode, a
setpoint amplitude is determined, and the feedback-loop adjusts the piezo height to keep the setpoint amplitude con-
stant.

Choose an appropriate cantilever. Cantilevers for AC mode in air are rather stiff (> 30 N/m) with high reso-
nance frequencies (~ 200-400 kHz). AC mode in liquid requires laterally stable cantilevers with relatively
high resonance frequencies. But at the same time they often need to be reasonably soft not to damage
delicate samples in liquid. Most cantilever manufacturers list their cantilevers by feedback mode, imaging
condition and application to facilitate finding an appropriate cantilever. Find more information on AC mode
and cantilever choice in the JPK AFM Handbook.
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Choose AC Mode from the feedback-mode list in the shortcut icon toolbar to ap-

The AC Feedback Mode Wizard will open. It leads through the cantilever tuning, i.e.
to find the cantilever resonance and selecting an appropriate driving amplitude and

The default range for Start Frequency and End
Frequency in AC mode is 0 - 400kHz (max. freq. 6
MHz on request). The input fields on the right part of
the window control the display of the frequency
range (Start and End Freq.) as well as the selec-
tion of the Drive Amplitude, Drive Frequency and
Phase shift. Alternatively the frequency range can
be adjusted by using the mouse wheel.

The cantilever tuning can be performed automatical-

Q™ Mode -
proach and perform experiments in AC mode.
AC Mode
Q™ Mode
Contact Mode
frequency.
. In AC feedback mode, the tuning window can always be opened manually to readjust the cantilever tuning
TN using the Tuning button at the shortcut icon toolbar.
R EEIE
Setup AC Feedback Mode
GJEIE] (& J(#]=][T)
5 4250 settings
4 4200 ® Internal
= 3 4150 O DirectDrive
-E- 2 1. g orve ampl. [~ 03[~]v
E 1h Jso 5 |privefreq.  [~|[  100.0[+ ke
& of 1o Z tart Freq B2 0.0[ ~ |khe
; 1 150 8 ndfreq. [+ a00.0][<]kre
K 2r 7tee g [Auto Phase ~|
- a3l - -150 R
Fas - -200
5 L L L L L L 250
0 50 100 150 200 250 300 350 400
Frequency (kHz)
[Automatic +| Target Ampl. [~ 1o][<]v [Run][=] NS
Step 10f2 Default B Next Close Iy or manua"y.

Some cantilever holders allow the use of Direct Drive, i.e. the oscillation is directly applied to the cantilever base. Con-
tact JPK for detailed information (support@jpk.com, +49 30 726243 500).

Automatic cantilever tuning

- EEE

Setup AC Feedback Mode

EEE (I [T

L 150 Settings

10
ol 100
E os | s B oweamsl Il 0.01|(+]v
$ o S orivefreq. ][ 100.0][«]ke
s S : I 0 2 \start Frea. B2 0.0][ ~ Jkrz
FE P B et s gmires [l ood]()ee
% 03 t-r--t ¥ - T & |[Auto Phase |
= oz} U r Y100 -

o1t

0.0 L L L 1 -150

0o 350 4

0 50 100 150 200 250

Frequency (kHz)

30 00

Target Ampl.

=
Default

& show Phase

Step 1of 2

|' Run | [ = Toggle the Run or Infinite icon to run a freque

For Automatic cantilever tuning, the cantilever Driv-
ing Amplitude and gains are adjusted by the soft-

ware in order to achieve the Target Amplitude that is
set.

The Target Amplitude is set to 1 V by default, which
is appropriate for most measurements. Adjust the
value for the Target Amplitude if necessary.

Blue curve: Frequency. Green curve: Phase

ncy sweep. Run records one frequency sweep, the

Infinite icon performs continuous frequency sweeping.

R

Use the mouse wheel in order to zoom into the res-
onance peak.

Auto Phase correction is enabled by default. This
setting automatically shifts the phase inflection point
(at 0 degrees) to the drive frequency, which is gen-
erally recommended to achieve optimal phase con-
trast. The Auto-Phase correction is calculated during
frequency sweeping. Select Fixed Offset instead of
Auto Phase to shift the phase manually.

EEE
Setup AC Feedback Mode
(a])(E] Q [T
11 150 Settings
1.0 @® Internal
< 08 100 O DirectDrive
2 am 8 Drveampl. (][ 0.008](~]v
2
3 o7 5 lome Freq.  [-]| 297.587|[ = |kz
2 os 40 3 start Freq [ 295795~ kHe
< 2 —
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[automatic +| Target ampl. [~ ]| 1.0][~|v Run | [= |
. & Show Phase
Step 10f2 Default | #onea | [cos
. ® .
46 NanoWizard™ Series User Manual

Version 6.0


mailto:support@jpk.com

4.4 Selection of feedback mode

| i ] | T ] | +t3 Select the Drive Frequency and Setpoint using the corresponding shortcut icons in the
= ' = upper left of the tuning window.

Lock-in amplitude 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
Drive Frequency and Setpoint, as in the example shown here.

Setpoint

The values for the Drive Frequency and Setpoint Amplitude depend on the
sample and environment. The Drive Frequency is usually chosen on the left
upper rising edge of the peak. The value of the Setpoint Amplitude must be
lower than the chosen Target Amplitude (Lock-in amplitude). The Setpoint Am-

plitude is usually chosen around 70 — 80 % of the Target Amplitude at that fre-
quency.

7

Lock-in phase

The free amplitude (Target Amplitude) is damped as the cantilever starts to contact the sample surface.
The z piezo position is adjusted in order to reach and maintain the Setpoint Amplitude, which basically

reflects a particular amount of damping. This means: in contrast to contact mode, the lower the setpoint
amplitude, the higher the damping and finally the force applied to the sample.

| Close Finish the tuning using the Close icon.

Manual cantilever tuning

Manual cantilever tuning allows setting the Drive Amplitude and Gains manually. The Drive Amplitude is the value of
the alternating voltage that is applied to the piezo which drives the cantilever oscillation. The Drive Frequency should

be set as described above for automatic tuning. In fluid a higher Drive Amplitude is required because of the increased
damping of the oscillation.

R

-E
Setup AC Feedback Mode

Enter a Drive Amplitude value.

. - _ Select the Gain for the expected range of amplitude:

@® Internal
O DirectDrive

orveamnl (][ 0.008][~]v Gain 1: lock-in amplitudes (Max. Ampl.) up to 11V,
DriveFreq. [ || 297,587+ Jkke
Start Freq [=][295.796][ + Jkrz

endreq ()| asesm - e | Gain 4: lock-in amplitudes (Max. Ampl.) up to 200

|auto Phase ~|

Lock-in Amplitude (V)
o
ES

=
(Bop) 35EUd U207

I {100 mV.
0.2
. . L L - - 150
296.0 296.5 297.0 297.5 298.0 298.5 —
Frequency (kHz)
— = <] . . .
o) (B AR D (F e S L . The values can be adjusted during continu-
Step 1of 2 | Defaut | et [ close | ous SWeeping.
Lock-in amplitude Select the Drive Frequency and Setpoint as described above for the automat-
ic cantilever tuning.
Setpoint
in phase
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Hints and tips
Variation of the drive amplitude

Tip-sample interactions can have a strong effect on the imaging conditions. If the imaging behavior and quality is not
satisfactory although a good signal-to-noise ratio has been achieved, a higher drive amplitude (manual cantilever tun-

ing) or target amplitude (automatic cantilever tuning) can help to improve imaging, as tip-sample interactions can be
overcome (e.g. sticky samples).

The force applied to the sample depends on the relationship between the setpoint and the drive amplitude/target ampli-
tude. If the setpoint is not changed, then the force applied to the sample is increased when the drive amplitude is in-
creased. Therefore 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? (Target Amplitude) is displayed in Volts. The cantilever must be calibrated to get the
amplitude displayed in nanometers. See Section 7.2 for details about sensitivity cali-
bration.

Signal-to-noise-ratio

It is important to have a good signal-to-noise ratio, which 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 (manual cantilever tuning) or the Target Amplitude
(automatic cantilever tuning) carefully. Try to keep the peak of the resonance curve below 2 V of amplitude.

- 80

Possible reasons for badly shaped resonance curves:
160

- Contamination of the tip with adsorbed dirt

140

1= - Cantilever or tip are physically damaged

- Chip of the cantilever not tightly fixed to the cantilever
holder

Lock-in Amplitucle (v}

(B3p) 358Ud U101

- The tip is making contact with the sample during the
{-s0 cantilever tuning

0.2

! L L L
2685 269.0 2695 270.0
Frequency (kkHz)

4.4.4 AC Mode in liquid

AC mode in liquid works basically the same way as in air. The main difference is the increased damping due to the high
viscosity of the liquid and the requirements of the sample, which are often rather soft and delicate in liquid environment.

Choose an appropriate cantilever. AC mode in liquid requires laterally stable cantilevers with relatively high
resonance frequencies. But they also need to be reasonably soft not to damage delicate samples in liquid.
Most cantilever manufacturers list their cantilevers by feedback mode, imaging conditions and application to

facilitate finding an appropriate cantilever. Find more information on AC mode and cantilever choice in the
JPK AFM Handbook.
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The free oscillation of the cantilever at a given Drive Amplitude is damped considerably as the cantilever is
approached to the surface and a higher Drive Amplitude is needed to achieve the Target Amplitude. If the
cantilever tuning was performed far away from the surface, it should be re-tuned upon approaching.

It may be difficult to approach in AC mode in liquid with extremely soft cantilevers as they are very suscepti-
ble to oscillations. Choose Contact Mode for feedback to make a first Approach. Make a piezo retract (see
Section 4.5.4), change to AC mode and perform the tuning procedure to image in AC mode.

445 Force Modulation Mode

Force Modulation Mode is a mixture between Contact mode and AC mode and can be thought of as a kind of Contact
mode with an added vibration of the cantilever. The cantilever is in continuous contact with the sample while oscillating.

Choose Force Modulation Mode from the Feedback Mode drop-down menu.

‘QI"' Mode =

AC Mode
Q™ Mode

Contact Mode
Force Modulation Mode

The cantilever tuning for Force Modulation Mode is similar to the normal tuning procedure for AC mode. 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.

Find a closer description of the Force Modulation Mode in Section 5.8.

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 known as the coarse approach, since there is no feedback 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.

. ﬁ | Open the Stepper Motor window using the motor icon in the shortcut icon toolbar.

: ossalalt Set the Coarse Step Size in the Stepper
Position: 565.757 um | ( 4+ ’ Motor window. Toggle the Up arrow to move
CoarseStepSize | 500.00|um N the head and cantilever away from the sam-
Motoras sesum [ 4 |[ ¥ | ple, and the Down arrow to move the head
Motors: sesum [ 4 [ ¥ | | and cantilever towards the sample.
Motor C: 566 um |z |z | Zero counters
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without feedback may result in crashing the cantilever holder and cantilever into the sample. Always control

; There is no feedback on the cantilever deflection during the stepper motor movement. Moving large distances
the cantilever-sample distance optically. Use small step sizes only.

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

During the automatic approach the cantilever is moved towards the sample surface using the vertical deflection signal
as feedback. The z piezo and stepper motors are moved alternately until the cantilever deflects to the setpoint value,
which reflects the surface position. When the surface is reached, the system is ready for scanning.

B Laser Alignment =8| Before starting the approach, make sure that the laser is properly aligned

Vertical deflection /| on the cantilever and photodetector, as described in Section 4.2. The

BN || |ateral and Vertical Deflection should be near OV.

Lateral deflection

_% Select the desired feedback and imaging mode using the corresponding

a drop-down boxes at the shortcut icon toolbar.

Sum
2.26 V
2
¥ Feedback Control Set a suitable Setpoint value in the Feedback Control panel. In oscilla-
IGain Bl 150.D|[3H2 tion based modes (e.g. AC mode), the setpoint is chosen during cantile-
PGain (~]|  o.0048|[ =] ver tuning (Section 4.4.1). In Contact mode, the setpoint value should
Setpoint B| 0.3 [3-._,- be chosen depending on the spring constant of the cantilever. The preset

value is normally reasonable for soft cantilevers. In QI™ mode, the
setpoint used for the automatic approach is coupled to the imaging
setpoint, which can be set in the Feedback Control panel. The coupling of
the approach setpoint can be edited or disabled in the Advanced Feed-
back Settings (Section 5.7.4). Normally, the preset coupling factor and
therewith the approach setpoint is set to a reasonable value and doesn'’t
need to be changed.

/ Y In oscillating modes, where the oscillation amplitude is used as feedback channel, a lower setpoint value
\f means a higher imaging force, while in contact mode a lower setpoint value means a lower imaging force.
' Click the Approach button in the shortcut icon toolbar to start the approach
routine. You should hear the stepper motors moving the NanoWizard®
head.
w 7 Range During the approach, the z piezo extension and retraction can be observed
0 pm 15.000 pm 15 um

in the Z Range display on the left. The position of the blue line, which re-
flects the z piezo position, oscillates from the 0 to 15 pm position. At each
step, the z piezo extends and the vertical deflection signal is checked. If
there is no change in deflection, i.e. the surface is not reached, the piezo
retracts and the stepper motors move the AFM head towards the sample
for approximately one whole z piezo range. This procedure is repeated
until the surface is detected, i.e. the setpoint is reached.

| 1
Extended <€———>p Retracted

During the approach procedure, the Approach Parameters window is displayed. This window can also be opened
from the Setup drop-down menu. Usually, the preset setting are reasonable for successful approach and do not need
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any modifications.

There are two approach types: Approach with feedback on and Approach with constant velocity. Both approach

types basically use the same approach routine; there are different ways in adjusting the approach:

-o]x

Motor Retracted

Approach Type

O Approach with feedback on

(® Approach with constant velocity
Baseline Adjust

) No baseline adjust

@® Baseline update at start

() Dynamic baseline update

Vertical Deflection Baseline 0.000V
[ zero | | Update

Approach Parameters

Preference [constant Extend Time  ~|
Extend Time (~]] 1.0|[+]s
Extend Welocity
Target Height |z]| 75||3 pm
| Start Approach
[_Jo]x

Motor Retracted

Approach Type
(®) Approach with feedback on
O Approach with constant velocity

Baseline Adjust

) No baseline adjust

@® Baseline update at start
() Dynamic baseline update

Wertical Deflection Baseline 0.000 v
| Zero | Update

Approach Parameters

IGain (-]l 150.0/ [ « |z
PGain -]l 0.0048[+]
Target Height |z]| ?.5|[Z]|_1m
Timeout (-]l 1.0][+]s

| Start Approach

Using Approach with constant velocity, it is possible to make
very sensitive approaches to protect the cantilever. Either the
Extend Time or the Extend Velocity can be set, depending on
which option, Constant Extend Time or Constant Extend
Velocity, is selected for Preference. Constant Extend Time
updates the Extend Velocity when the Extend Time is
changed, if the approach is made in Constant Extend Velocity
mode, changing the Extend Velocity updates the Extend
Time, vice versa.

The 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 mi-
crons, to give maximum range above the glass for the cell.

The gains must be adjusted in case that Approach with feed-
back on is selected as approach type. To make a slower ap-
proach (for instance to approach more carefully on a delicate
sample or with an extra-sharp cantilever), 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 AC
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 de-
crease it in AC mode).

Timeout defines the time that may elapse until the z piezo has
fully extended. The software aborts the approach if the setpoint
has not been reached or the piezo has not fully extended after
that period of time. Increase gains and/or setpoint (faster ap-
proach) or increase Timeout (slower approach) if that period of
time is not sufficient for a full piezo extend.

There are two common problems approaching, which may occur 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 Ap-
proach IGain) and/or reduce the setpoint force (decrease the setpoint in contact mode, or increase it in AC mode).
If it is impossible to get a stable approach where the blue 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 over 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. In-
crease the approach gains (especially Approach IGain) and/or increase the setpoint force (increase the setpoint in
contact mode, or decrease it in AC mode). Furthermore the Timeout has to be increased.
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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 (ldle mode).

There is also an option in the Approach Parameters to approach using a variable setpoint using the Base-
line Adjust — please see the following section.

To confirm a successful approach, check the following settings:

The blue approached LED is illuminated on the front plate of the AFM
LASER head.

APPROACHED

N/\QJOWI

=/ Z Range The Z Range display shows the blue bar at the Target Height, which is in
0 pm 7.893 pm 15 um . .
| I | the center if the default approach settings are used.
Extended Retracted
¥ System Status The System Status panel at the bottom left hand corner shows the Status
sum 5.00W ; : ; e
e it = as Idle. This means that the cantilever is waiting at the surface and the
Lateral Def  3.54 W system is ready to start a measurement.
Status Idle

If the System Status shows idle mode and the blue approached LED is on, but the Z Range display shows
the blue bar at the end of the range (e.g. at 0 um), or the blue line moves slowly away from the sample, the
approach was not successful. Click the Approach button again start a new approach.

If it is not possible to achieve a successful approach, the setpoint must be adjusted (increased in contact
mode, decreased in AC mode) to reach the surface properly. In AC mode, the oscillation amplitude and
frequency may change close to the surface due to electrostatic interactions in air or hydrodynamic interac-
tions (damping) in liquid. Retune the cantilever close to the surface.

4.5.3 Advanced approach using Baseline adjust

In the standard approach routine, the Setpoint value in the main Feedback Control window is used directly as the de-
sired value for the adjustment of the feedback system.

The feedback signal with the free cantilever, i.e. the cantilever away from the sample is referred to as Baseline. During
the approach or AFM operation, the Baseline may change due to thermal effects, electrostatic interactions close to the
sample or any other effects. As the setpoint is a fixed value which remains constant for the whole approach, the actual
force applied to the sample differs from the setpoint if the baseline changes.

Contact Mode and QI™

If the free Vertical Deflection (Baseline) on the photodiode is -0.52 V, and the Setpoint is set to 1.0 V, then the actual
setpoint, which is just the difference between the baseline deflection and the final setpoint, is 1.52 V.

To correct for any changes of the baseline, the Baseline Adjust option is applied by default. It determines the current
Baseline and calculates the vertical deflection that must be applied to reach the Setpoint value. l.e. another, relative
setpoint is calculated based on the measured baseline and applied in order to reach the user defined Setpoint in the
Feedback Control window.

52 NanoWizard® Series User Manual Version 6.0



4.5 Approaching

Motor Retracted

Approach Type

Baseline Adjust

| Zero | Update

O No baseline adjust
@® Baseline update at start
() Dynamic baseline update

Approach Parameters

O Approach with feedback on
(®) Approach with constant velocity

Vertical Deflection Baseline 0.000V

Preference [constant Extend Time ~ ~|

Extend Time [~]] 1.0][+]s

Extend Welocity

Target Height |z]| 75||E] Jm
| Start Approach

The Baseline Adjust within the Approach Parameters window
provides different options to determine and adjust the baseline.

Baseline update at start adjusts the vertical deflection baseline
after each motor step, i.e. prior to each z piezo extension, to the
current value of the feedback channel. The value is also updat-
ed whenever Update is clicked.

Dynamic baseline update detects and adjusts the vertical
deflection baseline for a defined averaging time during the ap-
proach, i.e. during the z piezo extension.

If No baseline adjust is selected, the actually applied force
corresponds to the difference of the baseline value and the
Setpoint.

There is no need to adjust the Setpoint value in the Feedback Parameters manually. If one of the two
Baseline Adjust options is active, the system automatically calculates and applies a relative setpoint to
achieve the Setpoint value.

If No baseline adjust is selected, the user defined Setpoint value is used for the approach, no matter of

A

photodiode (see Section 4.2.6).

Example

the vertical deflection baseline. This may destroy your sample and/or cantilever tip if the baseline changes
considerably. Always control the vertical deflection baseline and adjust the Setpoint or the position of the

If the Vertical Deflection on the photodiode far from the sample was -0.52 V and the Setpoint in the Feedback Con-
trol 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 ap-
proach with a “real deflection” setpoint of 0.48 V.

AC Mode:

In AC mode the free amplitude is measured (Lock-in Amplitude Baseline) and used for baseline adjust.
The Approach Parameters window offers the same options as for Contact mode.

* Feedback Control

Gain
Setpoint

Rel. Setpoint
Drive Ampl.

Drive Freq.

Phase Shift

i
M|

M|
M|
]l

150.0|[ = |
0.7|[« v
L]

Yo

When Baseline update at start or Dynamic baseline update is ena-
bled, another Setpoint value, the Relative Setpoint, appears in the
Feedback Control panel. Relative Setpoint means a defined percent-
age of the free amplitude, i.e. of the Lock-in Amplitude Baseline. In this

example, the Relative Setpoint is selected as 70 % of the free amplitude.

Y
305.0 [ = |khz

0||:Z]deg

As the measured Lock-in Amplitude Baseline is 1 V, the absolute
Setpoint is 0.7 V. If the Lock-in Amplitude was 0.8 V and the Relative
Setpoint was still set to 70 %, the absolute Setpoint would be adjusted to

0,56 V automatically.
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4.5.4 Retracting the tip from the sample

>
ES
¥

@ | @

¥ System Status

Sum 5.00W
Vertical Def 0.5V
Lateral Def  3.54 WV

Toggle Run to start and stop most measurements. Click Run again during a meas-
urement to stop the measurement at a convenient point (e.g. at the end of a scan
line or on the completion of a force curve). The cantilever tip will remain ap-
proached on the surface, at the starting point of the scan area.

Toggle the Retract button once to retract the tip from the surface, and also to inter-
rupt a scan as a kind of emergency stop. The measurement is stopped almost
immediately, and the tip is moved to the fully retracted position.

Click Approach again, and the cantilever will return to exactly the same position,
because there is no mechanical movement, i.e. no movement of the stepper mo-
tors. This is convenient 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 move-
ment, for instance to lift up the AFM head.

Clicking the Retract button twice 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 position when approached again (typically within a couple of microns).
Moving the cantilever further away from the sample is convenient for adjusting the
sample position (e.g. retracting 20 — 50 um), or lifting up the AFM head (e.g. retract-
ing 300 — 500 um).

There are three possible cantilever states (Status) shown in the Status field of the
System Status at the bottom left hand corner of the software.

e Motor Retracted means that the motors have been moved. The cantilever

Status Idle
is far away from the sample.
e Z Piezo Retracted means the cantilever is retracted form the surface us-
ing the z-piezo. The motors have not been moved
o Idle means that the cantilever is approached and waiting at the surface,
ready to start a measurement.
| — 9] % | Find more information about the system status in the Advanced System
Status Motor Retracted Status window, which can be opened under the Advanced drop-down
menu.
Sum 0.01Vv
ertical Def -0.4W
Lateral Def  2.49V
ZScanner Head Internal
ZRange 15 pm (max range)
User koernig
Saving off
Filename fhomejkoernig/jpkdata/save
Image scan 0 of =
0 of =s
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4.6 Starting a measurement

After successful approach the system is ready to operate in the selected measurement mode. There are several
measurement modes available, depending on the selected feedback mode and software extension modules.

The measurement mode can be changed using the drop-down menu in the shortcut icon toolbar. Imaging is set by
default.

‘E Imaging - Measurement mode Find in section:
g Force Spectroscopy Force Spectroscopy mode §6
=5 Imaging Imaging mode §5
Y Fast Imaging © Fast Imaging mode
g Force Mapping Force Mapping mode 6.7
=3 High Resolution Imaging & High Resolution Imaging 8.3
&= Manipulation © Manipulation mode 8.7
:E Voltage Spectroscopy & Voltage Spectroscopy
Force M_Bpping Depending on the measurement mode, an additional drop down menu appears in

the menu bar, which provides access to the main relevant controls. This screenshot

f EE Image Record List _ . -
shows the Force Mapping drop down menu upon selecting Force Mapping mode.

| Force Mapping Oscilloscope |
vt] Force Time Oscilloscope
9, Advanced Force Settings
-5 Calibration Manager

Some feedback modes, like QI™, may show different measurement modes. However, the following sections describe
the individual measurement modes in detail.
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After successful approach, a measurement can be started with the desired feedback mode (Section 4.4). In the follow-
ing sections, the imaging settings and feedback control are described for imaging in contact mode and AC mode.
Please read Section 5.7 for a detailed description of QI™ mode. During contact mode and AC mode imaging, the
setpoint is kept constant while the x and y piezos scan the cantilever tip over the sample. The feedback loop continu-
ously compares the actually applied force with the setpoint force and corrects the z piezo height in order to maintain the
setpoint force. The result is a height image/topography of the sample. Depending on the feedback mode, there are
additional channels, like the error signal, which is the difference between the actual and setpoint force, or the phase
channel, which is specific for AC feedback mode.

5.1 Imaging settings

After a successful approach, the Run icon in the top shortcut menu bar becomes active. When the
Run button is clicked, the scanner starts moving. By default, Run launches an infinite series of
scans. If only a single scan is desired, adjust the Scan Repetitions under the Setup drop-down
menu (see Section 3.2.3).

. * To stop the scan click Run again. This will stop the scan right after the current scan line. The tip
will remain approached on the surface, at the starting point of the scan area. Or click the Retract

button to retract the cantilever from the surface immediately (this can be used as a kind of emer-
gency stop).

5.1.1 Image properties and the Scan Control panel

¥ Scan Control The main controls for scanning can be set in the Scan Control panel.
[ NENETExEN

- 0 ;.

{ * ] 0 Line 0 511 E]

Fast Axis (+]] 10.0/[ « Jum

Slow Asis (-] 10.0/[ = |Jum

X Offset (-] 0.0/[ = Jum

v Offsst (-] 0.0/[ = Jum

Scan Angle [3| D|[3deg

Pixels [512x512 -
Line Rate (-] 1.0|[ = Jrz
0.0d | )18.51 Hz

By default, the first image is started from the bottom of the Data Viewer window (as marked below). This is the case
when the right arrow is active in the scan control box. If the left arrow is active, the image is scanned from top to bot-
tom. If the software is set to perform repeated scans, then the second scan starts from the top position where the previ-
ous one finished. To start the first scan from the top of the viewer, move the slider to the end position (here 511) and
select the left arrow.

56 NanoWizard® Series User Manual Version 6.0



5.1 Imaging settings

€
=
2
<
5
@

Slow scan direction

—p
Fast scan direction

Scanning from bottom to top of the Data Viewer win-
dow means that during the scan the slow scan move-

ment is in the direction towards the cantilever substrate.

<4— SJow scan direction

Scanning from top to bottom of the Data Viewer win-
dow means the slow scan movement is in the direction
of the cantilever tip.

— Fast scan direction

The image size can be set using the input fields for the Fast and Slow Axis,
as well as by using the mouse in the Data Viewer. The default is for square
scans, so if one axis is changed, the other one is automatically updated. This
can be changed in the Advanced Imaging Settings panel (see Section 5.6).

The maximum scan region of the piezo is 100 x 100 microns. Within that
range, smaller scans can be performed at different locations. Adjust the X and
Y Offset to move the scan region, or use the mouse in the Data Viewer win-
dow (see Section 5.1.2). If the instrument is left on overnight or longer, set
the scan offset close to zero to reduce strain on the piezo.

The Scan Angle is set to 0 degrees by default. Adjust the scan angle using
the input field or using the mouse in the Data Viewer window.

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

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

The resolution of the image is set to 512 x 512 pixels by default. Adjust the the
number of Pixels to change the resolution. 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.

The Line Rate controls the scanning velocity. Adjust the Line Rate using the

[ Channel | Filters | Colorizer | ‘ = |

Fast Axis |Z|| 10.0 |Z| |41

Slow Axis |z| |j| |E| pm

X Offset (-] oof[+]um

v Offset (-] oof[+]um

Scan Angle |Z|| 0f |_Z_|deg
-_ I cantilever.
- —

Pixels [512 %512 -|

Line Rate |z| |j| |E| Hz

0.0 118,51 Hz

corresponding input field or the slider, which allows scan rates to a certain
maximum value (displayed on the right side of the slider). This maximum
value is limited by the maximum Tip Velocity that can be found in the Ad-
vanced Imaging Settings Window (see Section 5.6).

The maximum line rate changes with different scan sizes, as the tip velocity directly depends on the size of the scan
region. If high line rates are used and a large scan region is set, the line rate will be corrected not to exceed the maxi-
mum tip velocity. Typically the line rate is set to values of several Hz. Choose generally lower scan rates if the sample
is very rough or the scan size is big.

Note that the full range of values to control the scanning velocity is found in the Advanced Imaging Settings panel
(see Section 5.6).
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There are several shortcut icons on top of the Scan Control panel.

Open a new Data Viewer window, see Section 5.1.2.

Activate a new scan region that has been drawn in the Data Viewer using the mouse (see Section 5.1.3).

vl

Switch between normal image scanning and Line Scanning mode. In Line Scanning mode, one scan line

il

is scanned repeatedly, rather than moving to the next line to form an image. This can be useful for adjust-
ing scanning parameters (see Section 5.2.4). The scan line is set using the Line slider in the Scan Con-
trol panel.

| @ |? Line D 5:IL1| B |

The slider displays the current scan line number, and can be used to move the tip over the surface to a particular posi-
tion within the scan region (click and drag on the slider arrow). Move the slider by single steps using the arrow icons. Or
activate the slider by clicking on it, and use the "left" and "right" arrow keys on the keyboard to move the slider. Once
the slider is in the desired position, toggle Run to start a normal scan or to start Line Scanning if it is selected.

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 micro-
scope or top-view optics this feature helps to set a suitable size and position of the scan
region prior to scanning.

\ {3 ‘ The Outline function makes the cantilever repeatedly perform a square or rectangle

‘ \ ‘ Open the Advanced Settings window to set additional parameters such as Overscan or hon-square scan
| | regions (see Section 5.6).

5.1.2 The Data Viewer window

- mam The Data Viewer displays real-time the image that

is currently being scanned. Also old scans from
saved images may be displayed using the Image
Record List (see Section 5.1.4).

Multiple Data Viewer windows can be opened sim-
ultaneously to show data from different channels or
with different display settings (see below).

€
&
2
2
3
(=}
@

‘ Open a new Data Viewer using the
shortcut Icon in the Scan Control panel or via the
Data Viewer drop-down menu at the top menu bar.

Right-click directly within the Data Viewer window to show and adjust the Data Viewer display options. Depending on
the measurement mode, different options are active.
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Q, confirm New Scan Region

_ drag a new scan region directly into the Data Viewer window

Measure Distance

_| Round up Scan Region Selection

Select Cross Section

XY Point Selection

| Show Manipulation Pattern

Activate the left mouse button for Select a New Scan Region to

(see also Section 5.1.3).

Measure Distance allows drawing a measurement line into the
Data Viewer window. Draw a cross section line using the Select
Cross Section option. A cross section panel will open and dis-
plays the cross section profile.

Round up Scan Region Selection adjusts the scan size auto-
matically to convenient values while dragging a new scan re-
gion.

Show or hide the Background or Manipulation Pattern by the
respective entries.

Some useful mouse shortcuts allow for changing the Data Viewer display region directly:

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

- Click and drag with the mouse wheel in the image plot area to shift the view region

- Toggle [Shift] on the keyboard and scroll the mouse wheel to rotate the view.

- Click [Control] on the keyboard and the left mouse button simultaneously to draw a measurement line into the
Data Viewer window.

The controls on the bar at the bottom of the Data Viewer window provide additional display options:

Channel

Channel

Scan Direction

|Height (measured)

v||Trace v|

K-Channed Filters

Colorzer_| EICNE

|Height

‘| All Channels of the images that are stored in the Image Record List

OFF
Hei

ght

Height (measured)

Measure Slope 1

Adhesion 1

Fitted Baseline

Error Signal

Lateral Deflection

Filters

Line Leveling

Image Filter

Linear -

(Section 5.1.4) are available and can be displayed. The channels of
the active imaging mode are highlighted in boldface. The channels of
the image selected within the Image Record List are framed in green.
Additional channels may be activated for display using the Channel
Setup, which can be selected from the main Setup menu (see Sec-
tion 3.2.7).

Scan Direction allows displaying the data acquired in Trace direction
(from left-to-right) or Retrace direction (from right-to-left).

Interpolation

[

Channel

|(Fi|ters )

Colorzer ] EICNE]
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Linear -

OFF

Constant

Linear

Quadratic
Cubic
Quartic

Pixel Difference

Adaptive Dencise A|

OFF

Adaptive Dencise

Gauss

Line Leveling corrects any offset within the image line by line. Each scan line is fitted inde-
pendently with a linear or polynomial fit, which is subtracted from the corresponding scan line.
The higher the order, the more small features in the image will be highlighted. This only affects
the online display — the raw image data is saved for later analysis. There is also the option Pixel
Difference, which calculates the difference between adjacent pixels. Using Pixel Difference,
height changes are highlighted and the image displays a high edge contrast.

Image Filter provides Gauss smoothing with a width (sigma) of 3 pixels, or Adaptive Denoise.
Adaptive Denoise combines two filters: a 2D Savitzky-Golay filter (fourth order, mask width: 7)

and a filter replacing pixels that are outliers (more than 3.0 sigma deviation from the median)
**k*

within a constricted-square mask of the form: *:*

By default, the image data are displayed using Bicubic Interpolation. Choose Bilinear for bilin-
ear interpolation or Off to display the raw data. Always the raw image data are saved; Interpola-

off
- tion is only a display setting.
Bilinear
Bicubic
/ Y Changing the colorizer settings, using leveling or data interpolation are only display options. Always the raw
R , data are saved, independent of the display settings.
Colorizer

Color Scale Limit

Multiplier Offset Palette

[Relative ~|[statistics ~|[~ ][ 2.2|[«][~]| o.9|[+| EEE Defaut (d.. ~

[

Channel

| Filters KC -:uI-:-rizeD] l mlﬁl

The Color Scale can be either displayed in Absolute values, which are directly measured by the instrument, or Rela-
tive can be used, to set the minimum value to zero.

Limit provides two different color scale settings: Statistics or Min-Max.

Statistics: Sigma is the full width at half maximum of the data range distribution over the
whole image. Offset and Multiplier are dimensionless numbers in terms of sigma.

Multiplier is the factor that is applied to scale the width o of the color scale, in terms of con-
trast.

Offset shifts the center position of the color table, in terms of brightness.

Limit Ranges The Limit settings MinMax Auto

MinMax_ ~|{Auto - finds the lowest and highest values
automatically.

Limit Ranges  Minimum Maximum _ Set the Minimum and Maximum

MinMax__=|[Manual ~|[ -] 0.0|[+Jum [~J[  1.0f[+]um values manually using Manual.
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5.1 Imaging settings

Focus

Focus rescales the selected image to full size. The selected image is usually the current scan, but other images can be
selected using the Image Record List (see Section 5.1.4).

[_[o]x [_[o]x

Channel Filters Colorizer L[ DQ ‘ = | I Channel Filters Colorizer [ ‘ Q \j

Open Oscilloscope

[ Channel | Filters | Colorizer ] - m@i

Open the Oscilloscope (see Section 5.5.1) using the respective shortcut button.

5.1.3 Selecting a new scan region

The JPK NanoWizard® is equipped with state-of-the-art hardware-linearized xy piezos. This means that xy positioning is
very precise and the piezos will accurately move to the newly selected scan region. The maximum scan region is gen-
erally 100 pum x 100 pum, indicated by a blue rectangle within the Data Viewer window. A new scan region can be se-
lected using the mouse or the Scan Control panel.

Q, confirm New Scan Region Open the right click drop-down menu in the Data Viewer window

— and enable Select New Scan Region to use the mouse in order to

- select a new scan region.
Measure Distance 9

Select Cross Section

X-¥ Point Selection

| Round up Scan Region Selection

_| Show Manipulation Pattern
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Click and drag in the Data Viewer to draw a cyan box defining the
new scan region.

- Move the scan region in X and Y dimension by keeping the left
mouse button pressed in the center.

- Adjust the size related to the center of the new scan region by
moving the cursor to the center and scrolling the mouse
wheel.

T
<)
2
i
H
@

- Adjust the size by selecting any of the four sides of the new
scan region.

4 6 ]
Fast Axis (um) - Use the arrow in the right bottom corner to rotate the new scan
region.

Channel Filters Colarizer \ \ Q )= J

Toggle the zoom icon to activate the new scan region. Now the scan region is surrounded in yellow.
A double click with the left mouse button into the recent scan generates a new scan region with the same

parameters.

It is not necessary to retract the cantilever from the sample to select a new scan region. When the new scan
region is activated, the cantilever is automatically retracted from the surface and moved to the new scan

region.

¥ Scan Control To select a new scan region using the Scan Control panel, type the rele-
|. = | | Q | ‘ :E[ | ‘ .E:]. | ‘ \.\ ‘ Yant offset (X/Y Offset) and scan size (Fast/Slow Axis) values directly
I I into the scan control panel.

‘i| %I Line 0 511_‘-i-| Be aware of the maximum piezo range when selecting values directly in
SRRl L 1o.0f[«fum the Scan Control panel. The origin of the coordinate system is the center
Slow Axis |_E,|| 10-0||_Z,|I-lml of the 100 x 100 um scan region. Accordingly, the X and Y Offset have a
X Offset |_T.|| 0.0||_T.||.Lm range -50 to +50 pum. E.g. a scan size of 20 um with a 40 um offset is
¥ Offset |E_|| 0.0H_i_ll_Lm possible, whereas a scan size of 20 um with a 50 um offset is not possi-
Scan Angle |_Z_| |—0| |.Z.|deg ble, since the endpoint would be 60 um away from the zero position.

Pixels |512x512 -

Line Rate (]| 1.0|[ « |He

0.0d | 18.51 Hz
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5.1.4 Rectangular images

A

=]

Square Image is enabled by default, i.e. new scan regions are

XY Scan Region Settings
V! Square Image

always square shaped. Open the Advanced Image Settings
using the spanner icon on the Scan Control panel or the Imag-

Pixels [512 %512

- ing drop-down menu and disable Square Image to allow for

Pixel Ratio [1:1

- rectangular image regions. For rectangular images, the pixel

Timing and Speed Settings
Line Rate

Half Scan Time

I o]
(+]] 0.45|[~] s
(~][  22.22|[=] s

Tip Velocity

Owverscan [Z]| 10|[E] %
Owverscan Time 0.050 s

Owerscan Distance 0.35 um

Time for Image 8.53 min

number is automatically updated in order to keep the pixels
square.

Change the Pixel Ratio to allow for non-square pixels.

5.1.5 The Image Record List

Current Image Data
Show

Recent Image Data
Mumber of listed entries B| 2D|[E]
Show

W -E E Hold | Scan O (Tip scanne

-

Old Image Data

Show

i @ @ Optical image 4

Y @@ Scan 2 (Tip scanner)

CIBIF

The Image Record List gives an overview and allows saving or removing of the acquired image data. The

.—

.— . . . .

a— image files are collected in three lists:
= HEE

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

Recent Image Data: When an image scan has finished, the file is automat-
ically moved to the Recent Image Data section. Only a limited number of
scans are held here; older scans at the end of the list are removed automat-
ically as new scans are finished. The default number of scans is 20, which
can be increased using Number of listed entries. If the scans have been
saved (either manually or with Autosave enabled), they are still stored on
disk even if they are removed from the Image Record List. If they have not
been saved, they are lost permanently if they reach the bottom of the Re-
cent Image Data list.

Old Image Data: To store scans for reference during the session, they can
be moved to the Old Image Data section by clicking Hold. This list keeps
them until the software is closed or they are removed manually. There is no
limitation regarding the number of scans in this list. Unsaved scans will get
lost if the software is closed. If the Direct Overlay feature is installed, im-
ported optical images also appear in the Old Image Data section.

Hold | Click Hold to move a scan into the Old Image Data list.
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Current Image Data
Show

Recent Image Data

Mumber of listed entries E] |E E]

Show

| E Scan 0 (Tip scanne

-

Old Image Data

Show

14 Optical image 4
v Scan 2 (Tip scanner)

Click Remove to remove the image from the Old Image Data list.

Unsaved Images show this icon. They are lost if they reach the bottom of the Recent Image Data list or if
the software is closed. Press this icon to save the corresponding image.

Images with this icon are permanently saved to the hard disk

Toggle the Saving Setting icon to change the saving parameters

Save all images of the Old Image Data list at once using the Save all unsaved Images icon

Load old scans using the Open File icon.

The more images are stored in the Image Record List, the more memory is used.

Unsaved images get lost when the software is closed, or if they reach the bottom of the Recent Image
Data list. Save important data using the Unsaved Images icon or enable Autosave to save all images by
default (see Section 3.2.8).

Vi

The Show tickbox controls which scans from the Image Record List are
displayed in the Data Viewer window.

The order that the scans are plotted in the Data Viewer is set in the Im-
age Record List. Scans at the top of the list are plotted over scans fur-
ther 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 Image Data 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.

EIEIEAEY
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5.2 Feedback Control for imaging in contact mode and AC mode

For more display options, right-click on the file entry and choose from the menu displayed:

Save Data
Save Data stores the data on the hard drive
I Show shows/hides the image in the data viewer
Use Scan Region Select displays green axes and selects the image for other functions, such as cross-section
Remove measurement or shift optical image for DirectOverlay.

Focus centers the viewer on the selected image.

Use Scan Region imports the parameters of the selected scan and generates a new scan
region with same parameters.

Remove removes the selected scan from the Image Record List.

5.2 Feedback Control for imaging in contact mode and AC mode

While the cantilever is moved over the sample in x/y direction, a feedback loop corrects the z piezo position in order to
maintain the setpoint. The main feedback parameters are the gains and the setpoint, which can be optimized to achieve
optimal imaging.

The gains control the reaction speed of the feedback loop. In the one hand, the gains should be sufficiently high, i.e. the
feedback should be fast enough to be able to follow the sample topography. If the feedback is too slow, the z-scanner
has a delayed reaction and cannot follow the sample features. On the other hand, if the feedback is too fast, the z-
scanner tends to overcorrect and the cantilever starts to oscillate.

The setpoint should be optimized as well. For most applications the applied force should be as low as possible, not to
modify the sample topography or to damage the tip or sample. At the same time, the applied force should be sufficiently
high to follow the sample topography as accurate as possible and not to lose contact. The Feedback Control panel
provides adjusting imaging gains and setpoint.

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 cantilever tip follows the surface more accurately, producing a better topography, and the tip re-
acts quickly to any change of height, preventing damage to the tip or the sample. It is also often possible to reduce the
imaging force (decrease setpoint in Contact mode, Increase Setpoint in AC mode) when higher gains are used. If the
gains are set too high, however, 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 (increased tip velocity)
=  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)
= Decreased Z-range (lower z amplification)

In case of 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
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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 parameters
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, see Section 5.4.1) the gains need to be in-
creased 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 "shad-
owed” image of the height, then the feedback loop is adjusting the height within a reasonable time.

The approach gains are set separately in the Approach Parameters window (see Section 4.5).

5.2.1 Feedback gains for Contact Mode imaging

IGain and PGain correspond to the integral and proportional gains for the adjustment of the height (z) feedback loop.
The time constant, 1Gain, determines the integrator and the gain parameter PGain the proportional amplifier. The opti-
mal gain values depend on the imaging mode, the sample environment (air, liquid, etc.) and topography, the scan size
and scan rate, the setpoint, the selected z-range and the cantilever.

¥ Feedback Control - Both gains can be adjusted at any time (including during imaging) and
IGain |;]| 150-C'||:;]H2 can be set independently from each other. The numbers can be entered
FGain |Z] |m| |Z] directly in the input field, or the value can be changed in increments by
Setpoint |z] |703| |:3u clicking on the arrows.

5.2.2 Feedback gains for AC Mode imaging

w Feedback Control In AC mode, I1Gain and PGain are combined to a single Gain parameter.
Gain ([~ 1s0.0|[«] Adjusting the main Gain value updates both I1Gain and PGain internally,
Setpoint |z] |—g;-| [Z]V depending on the value set as a Transition Frequency. If IGain and
Rel. Setpoint % PGain should be varied independently, then this is possible using Ad-

. vanced Feedback Settings (see Section 5.2.5). The Transition Fre-
Drive Ampl. l;] | 03] |.;]V quency can also be set there; the default value is 10000, which is opti-
Drive Freg. |;]| 305.0/ |;] kHz mized for higher resonance frequencies (= 100 kHz).

Phase Shift |Z]| 0 | |:Z]deg

5.2.3 Simple procedure to optimize gains

As described above, the objective is to increase the gains as much as possible in order to follow the sample topography
accurately. The simplest procedure to set the maximal possible value is to increase the gains until the cantilever starts
to overreact/oscillate, and then reducing the gains again.

[ Channel | Filters | Colorizer l | m@'
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5.2 Feedback Control for imaging in contact mode and AC mode

Open the Oscilloscope (see Section 5.5.1 for detailed description) using the shortcut icon on the Data Viewer window
or via the Imaging drop-down menu to display the height profile of the single scan lines.

s joan (7] el |

Increase I-Gain until the z-feedback loop starts to

height {nrm)

0 50 100 150 200 250 300 3350 400 450 soo  Oscillate.
Offset (nim)

on g zoo[ake |

Reduce IGain slightly until the oscillations are

s 100 150 200 250 300 350 400 450 500 eliminated.
Offset {nmj)

height (nirn)

N T

Increase PGain until z-feedback oscillations are
-104 : : : :

0 50 100 150 200 250 300 350 400 40 soo  observed again.
Offzet {nm)

height (nrm})

oo el_ow[]

| Reduce PGain until the oscillation vanishes.

height (nrn)

5‘0 1(‘)0 150 200 25‘0 300 350 460 45‘0 SL’IJO
Offser (firm)

In AC mode, only the main Gain parameter is available and can be adjusted if the standard Feedback Control
panel is used. If necessary, open the Advanced Feedback Settings window under the Setup menu to adjust
the IGain, PGain or Transition Frequency individually (see Section 5.2.5).

5.2.4 Scan speed and feedback adjustment

The scan parameters should be adjusted regarding the sample properties. Big scan regions with large height features
require low scan speeds and sufficiently high gains to be able to follow the surface topography. Small and flat scans
allow using higher scan speeds, but also sufficiently high gains are needed to image the surface accurately. Very soft
samples, like living cells or hydrogels need low imaging forces (setpoint) not to be damaged. To achieve good results
with low setpoints the gains and imaging speed must be adjusted properly to stay on the surface and follow the sample
features.

The gains, line rate/scan speed, scan size and setpoint are interrelated and also need to be aligned in dependence on
each other. E.g. if the scan size is increased while the line rate remains constant, the scan speed increases. If the scan
speed is increased, the gains need adjustment accordingly. If low setpoints are used, the speed and gains must be
sufficiently high to stay on and follow the sample surface.

Open the Oscilloscope window via the Imaging drop-down menu (see Section 5.5.1) to display the trace and retrace
data of each scan line. Compare the trace and retrace data during the adjustment of the scan parameters — they should
be in congruence. The imaging parameters can be optimized best by scanning directly on the sample features. The
Line Scanning option allows repeated scanning of the same scan line (see Section 5.1.1) and helps to adjust the scan
parameters directly on top of a sample feature.

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 (alt-
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hough high forces may be applied if the gains are too low). On regions where the height of the sample is decreasing,
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.

ight (um)

h 1: trace; hes

6.8

]

1.7

(6.6

Ch 1: trace; height (um)

I‘M \.

/
; Il h N
i | }f\’%\ﬁ =

(L

Offset (urm)

() WhiRy BRI T 4D

(i) B2y ‘23=A31 T D

When the gains and/or imaging force are not high enough for the scan speed
and topography, the scan lines tend to “trail” as the tip follows the surface
downwards, and the trace and retrace lines do not agree with one another.

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
the surface details.

Increasing the gains and/or imaging force (decrease setpoint in AC mode/
increase setpoint in Contact mode) leads to better congruence of trace and
retrace curves.

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

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.

Too high imaging forces (High setpoint in contact mode, low setpoint in AC mode) may damage or even detach deli-
cate and loose samples. The trace and retrace scan lines will be shifted as the sample is moved in scan direction. The
imaging force should be reduced to save the sample and the gains increased to maintain sample contact.
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5.3 Limit the lateral scan range for higher resolution

5.2.5 Advanced Feedback Settings

The Advanced Feedback Settings window can be opened via the Setup drop-down menu. This panel provides an
extension to the parameters found in the Feedback Control panel.

A [ x

Main Feedback Control

IGain (~]]  2s0.0][+]|He
PGain (~][  o.004|[+]
Trans. Freq. B|W|E]
Setpoint (][ o7|[s)v
Rel. Setpoint %
Ampl. Baseline 951.9 m\v/

Drive Ampl. [~ ]| o.007[=]v
Drive Freq. ||| 297.587|[ = |kHz
Phase shift B| —8|[z]deg

Lockin Settings
Lowpass [30kHz v|

Wizard Control

| Tune

The Advanced Feedback Settings window allows access to all pa-
rameters that can be set during the measurements.

The Main Feedback Control Panel is required for adjusting parame-
ters like IGain, PGain and Transition Frequency.

Various predefined Low pass filters between 1kHz and 100kHz can be
selected under Lockin Settings.

Wizard Control offers short cut buttons. Tune opens the Tuning wiz-
ard.

5.3 Limit the lateral scan range for higher resolution

© The lateral scan range can be limited in order to improve resolution.

|setup |

Altosave

5can Repetitions 2
BE Laser Alignment

Z Scanner 2
flz Z Piezo Display

Scanner Calibration

Approach Parameters

ks

Saving Settings

-1.1.]
LAY

Channel Setup

XY Scanners 3

Select XY Scanners from the Setup drop-
down menu und select High Resolution.

lv/ Full Range

9, Adjust High Resolution Scan Region (CLI High Resolution

a

X,

A message appears and requests to adjust the

Mo high resolution scan area defined. You will not be able
I toimage correctly. Please adjust scan area,

| Adjust H Ignore

high resolution scan area. Click Adjust — the
scan area is adjusted automatically. This may
take several seconds.
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The maximum lateral scan range will be limited
to 7 x7 umz. Now the system is ready for
scanning.

| channel Filters Colorizer | H Q= |

X | The scan area shifts slightly as soon as the
head temperature changes. This will reduce
the lateral movement. A warning will appear
and request for scan area adjustment; click
| Adjust H Ignore ‘ Adjust. The adjustment will retract the cantile-
ver and stop scanning.

High resolution scan area is out of limits. Please adjust
I scan area

Click Ignore to adjust the scan region later,
e.g. if a measurement is running.

Setup Select Adjust High Resolution Scan Region from the Setup drop-down
Autosave menu to start the adjust procedure manually, e.g. if Ignore was clicked to
- finish a measurement.
Scan Repetitions »

BS Laser Alignment
Z s5canner »
flz Z Piezo Display
Scanner Calibration
Approach Parameters
2\ Saving Settings
8% Channel Setup
XY Scanners »

Adjust High Resolution@

Experiment Remote Control

5.4 Controlling the Z-piezo and stepper motors

5.4.1 Reducing the Z-Range for higher resolution

To optimize the range and resolution, the working range of the Z-piezo can be set to different values. The Z-range that
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5.4 Controlling the Z-piezo and stepper motors

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-range in order to maximize the resolution.
The resolution is increased for smaller Z-ranges because of the resolution of the AD-converter, and also the amplifier
noise is lower.

ed Z-Range, the tip will not be able to move sufficiently far away from the surface. Tip and/or sample dam-

: The piezo cannot retract further than the currently set Z-Range! If the sample roughness exceeds the select-
age may result. Adjust the Z-range corresponding to the sample roughness!

The Z-range covered by the piezo during a scan includes any sample tilt. If the sample tilt along the scan line

G exceeds the selected Z-range, the cantilever cannot be moved sufficiently far away from the sample. Tip
and/or sample damage may result. Select a sufficiently high Z-range in case of any sample tilt or use Auto-
matic Motor Leveling to compensate for any sample tilt (see Section 5.4.3)!

The height range being covered can also be seen on the Z-Range display (see below). If there is a significant sample
tilt, it may be better to remove this first by adjusting the stepper motors (see Section 5.4.2) before reducing the Z-
Range.

_,-'/ " The scan area is slightly shifted upon stepper motor movement. It may not be possible to find exactly the

\f same sample area upon stepper motor movement, unless it can be located optically.

Setup The Z-range can be set from the Setup drop-down
menu. It can only be changed if the tip is retracted from
.| Autosave
the surface.
Scan Repetitions 2
B Laser Alignment ~ There are seven different z-ranges available that can be
Z-Range N _ selected: 15, 10, 7.5, 5, 3, 1.5 or 0.75 um
J 12 pm Always start with a large Z-Range for samples with
_ 5.85 um

unknown topography range! Take some test images
~ 3 um after the first approach. Reduce the Z-range according
_ 1.5 um (max resolution) | to the sample roughness derived from the test images.

The Z-range display can be seen at the bottom left of the software, and the active z-range is highlighted in white. The
current piezo position is marked as a red line, and the range covered within the current scan line is highlighted in grey.

¥ ZRange 0 — 15 pm (maximum range)

0 1m 15,000 pgm 15 pm

[ 1

Extended Retracted

¥ Z Range 0 — 5 pm (useful range for small samples)
0 1m 5,000 pm 15 pm

[ I

Extended Retracted
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flz || O x '| Open the Z-Piezo Display from the Setup drop-down menu to view the Z-piezo
16 Km (Retracted) movement vertically.

prn

L0 um (Extended)

5.4.2 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, which allows better imaging, particu-
larly because the Z-Range may be reduced (see Section 5.4.1). Note that generally the exact location on the sample is
changed when the stepper motors are moved independently of each other.

The currently selected scan region is shifted when the stepper motors are moved. It may not be possible to
find exactly the same sample area upon stepper motor movement, unless it can be located optically.

Open the Z Stepper Motors 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.

Position: 565.757 pm

Coarse Step Size 500,00 um
Motor A: 566 pm E ¥

Motor B: 566 pum 4

votor; ssopm |4 )

e
1add,

Zero counters

The down arrows of the stepper motors are inactive if the tip is approached. Retract the piezo before mov-
ing the stepper motors.

The scheme shows the orientation of the cantilever relative to the
AFM head.

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.
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5.4 Controlling the Z-piezo and stepper motors

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

Open the Oscilloscope (see Section 5.5.1) to visualize the tilt of the
Slow scan direction (y) individual scan lines and to decide if re-adjustment of the stepper
motors is necessary.

‘] Fast scan direction (x)

Channel | (Settings | [View] [Focus | [Line Viewsr

The Leveling option must be set to OFF in the Data Viewer window (see Section 5.1.2) to see the overall
tilt of the scan lines in the oscilloscope.

[_[x]

The position of the motors is shown on the

PEETIET S BT | + | Stepper Motor window. The main pair of up
Gz e | IERTE (o and down arrows on the right control all three
Motora: sesum | 4 | ¥ | | § || motors together. The three pairs of arrows in
::t:: s ::: E: :%: :%: |$| 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.

Toggle Zero counters to reset the counter at any position. It may be helpful to reset the counter at the sample surface,
to provide a reference for the sample height and aid re-approaching later.

The Position numbers are no absolute values, and the motors can all read zero even though the head has a

: : significant tilt. To remove any tilt of the head, move the head up as far as possible, until all three motors are
at their highest position. Zero counters if all motors are extended to the maximum height. Now the counter
is levelled with respect to the stage.

If the AFM head has to be tilted, always tilt it as
shown in the right image. This is to avoid the
cantilever spring touching the sample as the
head approaches. Turn the sample if neces-

sary.

Not recommended Better in this direction

Do not tilt the AFM head into the direction of the cantilever spring (left hand image above). The cantilever
spring may touch the surface rather than the cantilever tip. E.g. there will be no cantilever deflection during

A the approach even though the spring and cantilever holder already touch the sample. Damage of the cantile-
ver holder or sample may occur.

5.4.3 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 the plane tilt of a scanned image and carry out the
compensatory movement automatically. 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.
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Motors Open Motor Leveling from the main Motor drop-down menu. The Motor Leveling

- Window will open.
£} Z Stepper Motors

& Motor Leveling

{ +}+ Motorized Stage Control

= \—[o]<] Open the Image Record List (Section 5.1.5) and select a scanned image. The
Current Image Data . . . . . .

Show image will be shown in the Motor Leveling window display.

Recent Image Data B Use large scans (> 10 microns) to determine the large-scale tilt of the sample. Use
N;mbe' of listed entries [~ || 20][ | completed, square scans, so that the angle can be measured well in both scan
Show

directions. The pixel number or resolution is not important, so the scan can be
done with fewer pixels if required for speed.

After the compensation movements of the motors, the center position will change
laterally, so the tip will not land on exactly the same region of the sample.

F= 2

Old Image Data

EIEIEIE]

Show

W[ x) ‘ | T | giHit-2015.12.08-16.13;

]
k|
k2

The Motor Leveling display shows the currently selected
image from the Image Record List. The Height (meas-
ured) channel is generally used, as this has the best
height accuracy. The image is shown without any Level-
ing (Section 5.1.2), 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 surface
is very flat, for example single molecules on mica, and
the large-scale height differences are dominated by the

T:hannel Scan Direction sample tilt. In this case, proceed to the next step with
el e as ) = Calculate.

v

@® Average over whole image
(O Select points for tilt calculation

Use Select points for tilt calculations for samples
where there is a clearly defined background that should
be used for calculation, and features that should be ig-
nored, like cells as shown in the image here.

| calculate |
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5.5 Tools for monitoring scanning

If Select points for tilt correction is used, click in the
image display to set points. Three points is the minimum,
but it is better to use more points, 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.

Channel Scan Direction

| [ i - -
Height (measured) -
|

v

O Average over whole image
® Select points for tilt calculation

Nr. X in pm Y in um Height in um
o 34.256 |4.675 325 Delete deletes the currently selected point.
1 35.113 "12.915 4,133
= i o575 ki || Clear deletes all the points in the list.
3 33193 9.611 4173 “
When the points are set reasonably, click Calculate to
| Delete | | Clear | | Calculate | proceed to the next Step.
& [-[o]x]

Once the background level has been set from the image,
the calculated stepper motor movements are shown.

All stepper motors are additionally moved, so that the
Safety Height is the final height of the tip above the
surface.

ssfetyheight [~][  sooco][«]um

To level the scanner, the stepper motors will be moved by the following amounts:

Click Start leveling.

Motor A: 0.79 mm
Motor B: -1.07 mm Re-approach to the surface to start imaging.
Motor C: -0.95 mm

| Back || start leveling || Cancel

5.5 Tools for monitoring scanning

5.5.1 The Oscilloscope window

| — Click the Oscilloscope icon in the shortcut icon toolbar to open the oscilloscope window. It can also be
| it opened from the View drop-down menu.

The Oscilloscope window can be used to display the current scan line of up to four channels simultaneously. Both
trace and retrace data may be displayed together, which can help with optimizing the imaging settings (see Section
5.2.4). Any channel can be displayed, so long as it is switched on in the Channel Setup (see Section 3.2.7).
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IEIES : .

Use the mouse-wheel in the oscillo-
60 (&[] (=] (1] E) ) ) .
~ Horizontal Axis scope window to zoom in/out the Hori-

13° B . m
1o i:m %:%%ﬁm zontal Axis. Click and drag with the

¥ Vertical Axis H i
{30 "onslenalenalen] mouse wheel into the graph to move it
{z0 Channel [Height (measured) B in x and y.

Display |Eoth -

110

Max [l 50[~ | nm . . . .
=l Adjust the Horizontal/Vertical Axis
teveing [ -]} ysing the corresponding input fields.
Color (Trace) | == Light Blue -
Color (Retrace) | mmm Dark Blue -

-10

Height (measured): Trace (nm)
(Wwu) asen2y Hpainseasw) ybiaH

4-20

1-30 () Draw the last scan
s
40

L L L L
7 8 9 10

4 5 6
Offset (um)

[ Q ][ ][ [ ][ 1 ][ 53] ] Use the standard oscilloscope toolbar to show the full data range (see Sec-
tion 3.2.1)

Error Signal the Setpoint is always subtracted. With a calibrated cantilever (see Section 7.2) the Vertical

O In Contact mode Error signal and Vertical deflection provide basically the same information, but for
deflection signal is displayed in nm/nN.

Setpoint is always subtracted. With a calibrated cantilever (see Section 7.2) the Lock-in amplitude signal

O In AC mode Error signal and Lock-in amplitude provide the same information, but for Error Signal the
is displayed in nm.
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5.6 Advanced Imaging Settings

5.6 Advanced Imaging Settings

This panel provides an extension to the parameters found in the Scan Control panel.

' The Advanced Imaging Settings window can be opened directly from the Scan Control panel, or via
the Imaging drop-down menu.

* Scan Control

=

QEER]

(]

Line 0 511 E]

Fast [Z]|m|[3pm
Slow [Z]|m|[3pm
X Offset [3 |700| [Z]um
¥ Offset [3 |7DD| [Z]um
Scan Angle B| D|[Z]deg
Pixels [s12x512 -|
Line Rate [Z]|—10|[Z]Hz
0.0d | 127.0 Hz
3 [—[x]
XY Scan Region Settings

Square Image
Pixels |s12x512 -|
Pixel Ratio [1:1 -|

Line Rate
Half Scan Time

Tip Welocity

Owverscan
Owverscan Time

Time for Image

Timing and Speed Settings

Owverscan Distance

) voff+)we
(-]l 0.45/[+] s
([~ 22.22|[«] pmss
I 10f[+] %
0.050 s

0.35 um

8.53 min

The speed for scanning is usually set in the main Scan Control
panel, through the Line Rate. A line rate of 1Hz means that the
tip makes the trace and retrace scan lines and returns to the
starting position for the next scan line in a time of 1s.

To have a constant scan speed across the surface while collect-
ing data points, however, the tip must scan a slightly larger area
to give room for slowing down and changing direction. The rela-
tionship between the movement of the tip used for imaging, and
this extra movement to change direction is normally handled
using default values from the software, so the user only has to
choose one number for the Line Rate. For advanced applica-
tions, the user can choose particular values to control the other
parts of the tip movement if desired in the Advanced Imaging
Settings.

XY Scan Region Settings allows to disable Square Images in
order to scan rectangular images (see Section 5.1.4).

The Pixel Ratio can be changed between predifined and not
fixed values.

The scan speed can now be set either as a Line Rate (1/ time
for both trace and retrace), as a Half Scan Time (the time for
either the trace or retrace part of the scan line) or the Tip
Velocity. The numbers are always updated to be consistent.

The value set for Overscan controls the extra movement of the
tip as it turns around at the ends of the scan lines. This is set as
a percentage of the half scan time.

The total time for the image is also displayed, calculated for the
overall set of parameters.
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57 QI™ Mode

QI™ is a force spectroscopy based imaging mode. Please read Chapter 8 6 to get an overview of the basics of force
spectroscopy mode and settings. Similar to Force Mapping (see Section 6.7), a whole force curve is measured at eve-
ry 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 imaging velocity. In the standard QI™ mode there are two data channels available, Height
and Height (measured). These channels are calculated online from the force curves and saved as jpk-gi-images. The
force curves are not saved in standard QI™ mode. To have full access to all force curves the software extension &
QI™ Advanced is necessary (see section 8.1).

|Q|,.. Mode .| Select QI™ Mode in the Feedback Mode drop-down menu.

[ ,  Upon changing to QI™ mode, the corresponding data viewers (Data Viewer and QI™
SRRLEEE | Oscilloscope), the QI™ Control panel and the QI™ Setup window open automati-

cally.

| Contact Mode

& Jpk Nanowizard Control =18/

Setup Motors Accessories Data Viewer Advanced Quantitative Imaging Window Help

2R (%] (2] @EHEE (@ o :

|E Imaging -
* QI Control [_[o]x @l
SIS |;H Setup Quantitative Imaging Mode
Z Length [=]]
Pixel Time |ZH . : Cantilever Properties
w Scan Control Cantilever |NCH-AU v|
‘E | |Q | | {:} ‘ ‘ \\ ‘ Ervironment  |Air -
Temperature \TH 25‘0||T_\ °C
E
. B T P a 3
Fast Axis [~ 10.0/[ + |um > Calibrate | ‘ =7 Advanced |
Slow Axis 10.0|[ « [um E o
— z Sensitivity nfanmi
X Offset o Spring Constant nfaN/m
v Offset L Frequency nia
Grid Angle Sample Properti_es -
Pixels [255 x 256 Expected Height [~ || 3.0][+|nm
Pixel Ratio [1:1 i v :
100 pm 10 um
~ ZRange I ollo
0 pum 6.500 pm 6.5 um FEIREEER L off+)
[ 1 S [ )
Extended Retracted Channel | | Settings | | view | | Focus | E 1‘ 2' 3‘ 4‘1
+ System status : Info: level 2, intermediate adhesion
T 0.36 v e.g. non<oated lever on bare substrate (air)
Vertical Def  -2.6 v
Lateral Def 114V
Status Motors Retracted = i Repaiicance ]
15 415
ZScanner Head Internal i .
ZRange 6.5 um (max range) ¥ Horizontal Axis .
=L 110 § X Max =]l 30[« |nm
= 2 X Min <] o[« |rm
@ 5 15 o S | I |
5 = Z Channel ‘Helght (meas. smth.) 'l
5 5 1o g * Vertical Axis
3 3 |chifchz|ena|cha
]
o o ——
= 5 15 =8 Channel |Vertica\ Deflection v|
o S —
{:I—J, 2 Display |A_II _ ~|
= 10 410 = ¥ Max [=]] 15[« v
JP" gy o
15 I I i L L 15 — — — S
Instruments 0 5 10 15 20 25 Color (Extend) | Light Blue |
Height (measured & smoothed) (nm) Color (Retract) | == Dark Blue |
€) 13:46:16: The motorstage was not detected, please restart the software to use it | 64MBofl0.23GB |
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5.7 QI™ Mode

Quantitative Imaging The QI™ drop-down menu appears in the menu bar. All necessary windows concern-

o - ing QI™ mode can be opened from this menu.
== Image Record List

[0 QI™ Oscilloscope
‘\ Advanced QI™ Settings -

]
<5 Calibration Manager

Q| QI™ setup

5.7.1 The QI™ Data Viewer

__° | The Data Viewer has the same function as in all other imag-
ing modes. Please read Section 5.1.2 for detailed infor-
mation.

The menu, which appears upon right-click within the Data
Viewer, contains basically the same options as for all imaging
modes (see Section 5.1.2).

£
2
2
2
z
@

| Channel | Filters Colorizer | [ ]

. 350 In QI™ mode, there are two channels available: Height and
EL 300 Height (measured). The two height channels are calculated
E 250 - & online from the extend curves, smoothened with a 40 pixels
b 200 moving average. The height corresponds to the height at 80%
5 150 of the setpoint force determined from the smoothened curves,
E 100 as indicated by the green curve and circle in the left-hand
; 50 image. Please find a close description of the so called Refer-
E 0 ence Force Height operation in Section 6.1.2 and the JPK
2 50 X X | | | | Data Processing User Manual.

0 100 200 300

Tip-Sample Separation (nm)
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5.7.2 The QI™ Oscilloscope
_|ofx
15 115 QJ(® (=] T ]|[#E
* Horizontal Axis
R -
10 110 X Min G o))
Z Channel |Height (meas. smth.) v|
¥ Vertical Axis
i = Chl|ch2|ch3|ch4
) 5 5 @
a
g g Channel |Vertica| Deflection v|
ks = Display [l -
CI | R T o
= e ) sl
§ E Color (Extend) |-Light Elue v|
E 5, Color (Retract) |- Dark Blue v|
g = 1° 2
-10 < -10
_15 1 1 1 1 _15
10 15 20 25
Height (measured & smoothed) (nm)

The QI™ Oscilloscope plots the force curve of the pixel currently measured and allows for adjustment of the display
parameters. Please see Section 3.2.1 for a closer description of the basic functionality.
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5.7 QI™ Mode

5.7.3 The QI™ Setup

Ql

Setup Quantitative Imaging Mode

Cantilever Properties

Cantilever [NCH-AU -|
Environment |Air v|
Temperature [Z]| 25.0|[Z]°C
. [ X

Calibrate —4 7 Advanced
Sensitivity nfanm
Spring Constant nfaMN/m
Frequency n/a

Sample Properties

Expected Height[Z]l S.Dl[Z]pm
: (>
100 pm 10 pum
Adhesion B| 2”3
‘mt .
5 I I‘|’| I I
0 1 2 3 4

info: level 2, intermediate adhesion
e.g. non<oated lever on bare substrate (air)

Done || Cancel

Cantilever Properties

Cantilever MCH-AL -
Environment ' : '
qp-BioAC CB1
Temperature qp-BioAC CB2 C
( -BioAC CB3
Calibrate i
Biolever mini
Sensitivity USC FO.2 nmM/
Spring Constant Mim
Frequency Sl s
Multi7s

Sample Proper

) User defined
Expected Height | S—

Cantilever Properties

Cantilever INCH-AU -|

Environment |Air v|

Temperature B| 25.0|[3°C
. PE:

Calibrate —47 Advanced
Sensitivity nfa nmM/
Spring Constant nfa MNfm
Frequency nfa

Before starting a QI™ measurement, the spectroscopy and imag-
ing settings should be adjusted corresponding to cantilever and
sample. The QI™ Setup appears upon QI™ Mode selection. It
allows for setting the Cantilever Properties in order to calibrate
the cantilever using the Contact-free method (see Section 7.4) as
well as some Sample Properties to calculate reasonable imaging
parameters.

The Cantilever Properties allow quick and automatic calibration
of the cantilever with the Contact-free method (see Section 7.4).
Select the corresponding cantilever from the Cantilever drop-
down list as well as the Environment, and type the Temperature
used for the measurement. If your cantilever or environment is not
available, select User defined from the drop-down lists. The
Calibration Manager opens and allows for adding cantilevers and
environments (see Section 7.4).

Click Calibrate; the software automatically retracts the cantilever
using the stepper motors, measures the thermal noise and calcu-
lates the spring constant. Finally, the Vertical Deflection is dis-
played in units of Force (nN).

Click Advanced if additional parameter adjustment is required
(e.g. correction factors) or to use the Contact-based instead of
the Contact-free method. The Calibration Manager will open and
provide all parameters and settings (see Section 7.2).

The calibration can also be skipped if not desired.
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Sample Properties The Sample Properties automatically calculate reasonable imag-
Expected Height |z]| 3,.3”3 pm ing parameters depending on the sample height and adhesive
':|: properties.
|
100 pm 10 pum

Type the Expected Height of the sample as well as the expected

Adhesion |: | 2| |;] Adhesion within an arbitrary scale of 0 to 4. The imaging parame-
¢ : :\_ri | ) ters will be adjusted to reasonable starting values.

0 1 2 3 4 ) ) )
Info: leval 2, intermediate adhasion Click Done if all parameters are properly set; the QI™ Setup will
e.g. non<oated lever on bare substrate (air) close.

‘ Done | Cancel

The QI™ Setup can be opened at any time from the Quantitative Imaging drop-down menu.

5.7.4 The QI™ Control and Scan Control panel

The QI™ Control panel on the left-hand side contains all main parameters to define the shape of the force curves
taken at each pixel. If the QI™ Setup is completed properly, the preset values are usually appropriate for image acqui-
sition.

¥ QI Control o As in force spectroscopy mode (see Section § 6 ), the Setpoint means
Setpoint |;]| 0-1“_;]"" the maximum force applied, and the Z length is the distance covered by
Z Length -]l 30|« [nm the z-piezo during a force curve.

Pixel Time |z]| 60||Z] ms

Have a close look at the force curves, especially at the extend curves (see below), shown in the Quantitative Imaging
Oscilloscope during imaging to adjust the parameters properly if necessary.

— Decrease the setpoint, if the sample is fragile and e.g. break-through events
are visible in the curves (red arrow in the extend curve at the left).

Ensure that the Z Length is sufficiently high to separate the cantilever com-
pletely from the sample between pixels in case of high adhesive interactions
or large height changes between adjacent pixels. The baseline of the ex-
tend curve will be clearly tilted upon uncomplete separation due to adhesive
interactions (red arrow in extend curve on the left).

If the height changes between adjacent pixels are much higher than the Z
Length, the repulsive contact already starts at the beginning of the force
curve, i.e. the whole curve is tilted and there is no baseline visible. The
software automatically applies an Additional Retract (see scheme of the
QI™ movement in Section 5.7.5) in between pixels, but the Z Length must
be sufficiently high to acquire complete force distance curves for the calcu-

. . . . . . . lation of the height channel. On the other hand, the Z Length should be
reduced as much as possible to minimize the acquisition time.

The Pixel Time determines the duration of one pixel, including vertical (force curves) and horizontal (pixel-to-pixel) tip
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5.7 QI™ Mode

motion. Upon changing the Pixel Time, the software automatically adjusts the single parameters that constitute the pixel
time to reasonable values. Decrease the Pixel Time to speed up force curve acquisition and scan speed. Increase the
Pixel Time if the tip motion is too fast for the sample or type of cantilever. The softer the cantilever, the stronger it tends
to oscillate at shorter Pixel Times.

- \ | Open the Advanced Settings usi

ing the shortcut icon in the Scan Control panel below to show and adjust

the advanced scan parameters determining the pixel time manually (see Section 5.7.5 below).

Open the Advanced Feedback
multiplier or to switch off the cou

KN

=]

Main Feedback Control
IGain ]| 5.0f[ = ]rz
PGain (+]|  o.001|[«]

Setpoint
&/ Couple to QI setpoint

Multiplier (~]]  =2.000][+]

¥ Scan Control

=) [QJ[£3) [\

Fast Axis [Z]|m|[3pm
Slow Axis B|ﬁ|[3pm
X Offset [Z] |—CICI| [Z]pm
Y Offset [Z] |—CICI| [Z]pm
Grid Angle [Z]|7D|[3deg

Pixels [256 x 256 -
Pixel Ratio [1:1 -

By default, the approach setpoint in QI™ Mode is coupled to the QI™ imaging setpoint by a multiplier of 2.

Settings window via the Settings drop-down menu to change the coupling
pling.

Open the Advanced Feedback Settings window via the Settings drop-
down menu. Couple to QI setpoint couples the approach Setpoint to
the QI™ imaging setpoint:

Setpoint = Multiplier * QI™ imaging setpoint

Untick Couple to QI setpoint in order to switch the coupling off and set
manually the desired setpoint for approaching.

The Scan Control panel defines the size, position and resolution of the
scan area (see also Scan Control, Section 5.1.3).

The shortcut icons on top allow for opening new Data Viewers (see Sec-
tion 5.7.1), activating new scan regions (see Section 5.1.3), outlining the
scan region (see Section 5.1.1) and opening the Advanced Settings win-
dow (see Section 5.7.5).

Pixel Ratio enables the usage of non-square pixels.

5.7.5 Advanced Imaging Settings

. \ Open the Advanced Imaging

ton in the QI™ Control panel.
The standard settings meet the requirements of a wide range of samples. However, very delicate and challenging sam-
ples may need further adjustment of the force curves themselves or the pixel to pixel movement.

Settings window using the QI™ drop-down menu or via the shortcut but-
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N =5

Y Square Image

Update Time or Speed |Pixel Time -

Extend and retract rates
&1 Use the same rate for extend and retract

Extend Time ms
Extend Speed pm/s
Extend Sample Rate kkHz
Retract Time ms
Retract Speed pm/s
Retract Sample Rate kkHz
Motion Time ms
Acceleration ms
Baseline

n.a.

I s00](<]ms

G to0][<]ms
nm

Mext Line Time
MNext Line Delay
Mext Line Retract

Number of collected pixels

While Extending (-]l 300+ |

While Retracting (+]] 300/ [ « |

Time For Image 06 min, 48 5

N =5

W Square Image

Update Time or Speed |Constant Duration v|

Extend and retract rates
&1 Use the same rate for extend and retract

Extend Time [Z]| 2.4|[Z]ms

Extend Speed [z]|ﬁ|[z]pmfs
Extend Sample Rate [ZHﬁHZ]kHZ
Retract Time [Z]|—24“3m5
Retract Speed [z]|ﬁ|[z]pmfs
Retract Sample Rate [ZHﬁHZ]kHZ

Motion Time [Z]|—06|[Z]ms
Acceleration [z]|706|[z]ms
Baseline n.a

MNext Line Time [z]|m|[z]ms
Mext Line Delay [Z]|m|[3ms
MNext Line Retract [z]|730|[z]nm

Number of collected pixels

While Extending (-]l 300+ |

While Retracting (+]] 300/ [ « |
06 min, 48 s

Time For Image

By default, the selected scan regions are automatically adjusted
to squares. Deselect Square Image to allow rectangular scan
regions.

Update Time or Speed provides parameter adjustment using
different dependencies of time, speed and sample rate. Pixel
Time is set by default, i.e. the software calculates the timing
settings automatically.

Only the time to move the cantilever to the next scan line (Next
Line Time) and the time the cantilever waits at the starting point
of the new scan line (Next Line Delay) can be adjusted using
Pixel Time. Increase these timings if the image shows artifacts on
the left, e.g. to allow soft cantilevers to recover from the next line
motion (Next Line Delay) and to prevent oscillations due to a too
fast next line motion (Next Line Time).

Additional information about the Number of collected pixels and
Time for Image is shown at the bottom.

Besides Pixel Time, Constant Duration or Constant Speed can
be selected under Update Time or Speed.

If Use the same rate for extend and retract is enabled, the
Retract Sample Rate automatically updates if the Extend Sam-
ple Rate is changed and vice versa.

Extend/Retract Speed, Z Length (QI™ Control Panel) and
Extend/Retract Time depend on each other. Constant Duration
helps to maintain the time of a segment if the speed or z length is
changed, Constant Speed maintains the 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.

The relevance of Motion Time and Acceleration is explained by
the drawing below.

The Baseline function automatically corrects for vertical drift. It is
measured at the beginning of each scan line.
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/’ \\‘ This sketch shows a plot of the piezo height (green)
: ! ! M t t i i
\“  Additional Retract / \ n;\:epr:lzr: o and x movement of the piezo/cantilever (blue) over
: ! Y time during a QI™ measurement. The round caps in
: L S A the height signal between two force curves represent
' (R | schematically the x movement from pixel to pixel.
Motion Time .
) The shape of these caps can be adjusted manually
- Acceleration . . . .
5 by Motion Time and Acceleration. Reducing these
T values increases the scan rate. Generally, the scan
/X movement rate concerning the x direction is limited by the
7 (next pixel) Force curve . .
/ height contrast of the sample and the mechanical
!
! properties of cantilever (spring constant, resonance)
and sample (stiffness, slackness, stickiness, e.g.
probe-sample interaction).

Time

5.7.6 QI™ data and file saving

:: All QI™ data can be found in the Image Record List. Open the Image Record List using the corre-
a— sponding icon at the shortcut icon toolbar on top of the SPM software. Managing, saving and removal

of images using the Image Record List is described in Section 5.1.5.

\\' Open the Saving Settings menu via the Setup drop-down menu or the shortcut icon in the toolbar.
L Data saving is described in Section 3.2.8. Choose the register card QI™ Imaging to set the channels
for file saving.

2 EER

& Use one folder for all data types |E ¥ home P tneumann * jpkdata » 2015-10-28_LivingCHO » Fluor » 3 » |

| Image Scans | Force Scans | Force Scan Maps | Real Time Scans | Voltammetry | Temperature data |

| DirectOverlay Optical Calibration | QI™ Advanced Imaging | Q1™ Imaging | \Voltage Spectroscopy | |

Channel Image Image
Extend Retract

Filename root: |qi

Folder: |E » Fluor » 3 » | Height
Height (measured)  # ¥
& Auto-save also applies to incomplete images [ celect all ” select all l
Mpproximate image file size: 570 kb
Mame | |
Comment

Channel Setup

The QI™ Imaging mode provides pure image files. These contain the results of online height data analysis. The infor-
mation is saved in jpk-gi-image files.

5.7.7 Cantilever recommendation

The choice of cantilever is important for the performance of QI™ and mainly affects the maximum achievable imaging
velocity and the minimal possible setpoint. This means that the cantilever needs to be as short as possible, to reduce
oscillations at high imaging speeds, but appropriately soft for fragile samples. In liquid environment, these requirements
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are met, for instance, by the qp-BioAC cantilevers (http://www.nanosensors.com) or Biolever mini
(http://probe.olympus-global.com). For QI™ mode in air, e.g. force modulation cantilevers, as the Multi 75
(http://www.tedpella.com) perform well.

5.8 Force Modulation Mode

Force Modulation Mode can be used to show material contrast, e.g. materials with different stiffness within one sam-
ple, such as polymer blends. This 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 along-
side the normal information about sample topography. In Force modulation mode, the cantilever is modulated at a rela-
tively low frequency 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 mode. The
force between force and sample is continuously varied by the drive amplitude, and the lock-in amplitude 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 (cor-
responding to a high slope in a force distance curve). In principle, Force Modulation Mode can be seen as a continuous
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 contact force
(Setpoint) over the image.

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.

12um

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

fasiam]

Height image Amplitude image

The drive is below the resonance 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
deflection at the tip, so no lock-in amplitude signal.

Contact Mode «| Select Force Modulation Mode from the feedback mode drop-down menu at the top
of the software.

AC Mode .

Ql

Contact Mode

Force Modulation Mode

5.8.1 Off-resonance cantilever tuning

Upon selecting Force Modulation Mode, the cantilever tuning window will open. The Cantilever Tuning routine in
Force Modulation Mode is basically the same as for the normal procedure for AC mode (see Section 4.4.1). In this
case, however, the aim is not to find a resonance of the cantilever or system.
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5.8 Force Modulation Mode

R EEIE

Setup Cantilever Resonance Settings

(=) )8

Settings

Drive Ampl. [~ || 0.2|[« v
Drive Freq. |Z] |ﬁ| |3 keHz
Start Freq. |z] [ oo |3kH2
End Freq. |Z] | 100.0] |3I<Hz

[Auto Phase =|

Lock-in Amplitude (W)

Il Il
20 30 40 S0 60 70 80 S0 100
Frequency (kHz)

[automatic »| Target Ampl. |z]| 1,0||Z]~._,« |@ |E [ show Phase

|' Reset Frequency Range l

The cantilever is modulated at a relatively low frequency, well below its resonance frequency. There are special "force
modulation" cantilevers available. The resonance frequency is around 75 kHz in air (k = 1-5 N/m). In Force modulation
mode a typical drive frequency would therefore be 30 - 40 kHz. The force constant bridges the gap between contact
and non-contact cantilevers. AC mode is also possible 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 to try another cantilever with a higher stiffness if there is no surface contrast.

5.8.2 Typical starting values

» Feedback Control For the imaging, the Setpoint value is the average vertical deflection, so
IGain |3| 150.D||Z]H2 the feedback gains settings are therefore similar to contact mode. The
PGain |Z]| 0.0048| |Z] oscillation of the cantilever provides extra amplitude and phase channels to
Setpoint |3 |71.0||Z]V observe differences in mechanical properties of the sample, but is not used
Friz S |z] |—02| |Z]V for feedback.
Drive Freq, |3| 3?’-‘J'||Z]kH2 A high setpoint corresponds to a high tracking force (like contact mode
Phase Shift |Z]| 69| |Z]deg imaging). Start with a setpoint of 1 V. The higher the setpoint is the smaller
the drive amplitude should be to avoid artifacts. Start with a drive amplitude
of 0.1 V.

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:
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"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)

5.9 Hover Mode

In Hover Mode, during a first pass (trace) over the sample the topography is measured, and on the return pass (re-
trace), this height information is used to maintain the cantilever at a constant offset height above the surface.

‘E Imaging ~ Hover Mode can be used in Contact or AC feedback mode. Select Imaging from the
Measurement Mode drop-down menu.

g Force Spectroscopy

g Fast Imaging
g Force Mapping

|!mﬂg_i”9 | Open the Hover Mode Settings via the Imaging drop-down menu.

. I& Open Saved Image  Ctrl+0 |
| 5= Image Record List |
9, Advanced Imaging Settings

[z Oscilloscope
[] Spectrum Analyzer
=5 Ccalibration Manager

5.9.1 Hover Mode for Contact mode

During Hover Mode for Contact Mode the tip is following the measured
______ height profile (trace). The retrace movement is accomplished without any

retrace « B excitation of the cantilever.

trace o=

X | — [ X '| Hover Mode can be activated by a simple tick and the offset height for
[_] Activate Hover Mode retrace can be customized within the Hover Mode Settings window.

Height -]l 50.00/[ + |nm

W Closed loop
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5.9.2 Hover Mode for AC Mode

. In contrast to Hover Mode for Contact Mode, Hover Mode for AC Mode
A
F, 4l contains an excitation of the cantilever.

retrace « " T T e

trace <o i emm— I

X | _| x| The Hover Mode Settings window can be used for activating the Hover
["] Activate Hover Mode Mode and for adjusting the height offset.

Height E] |E E] nm

# Closed laop

Drive Amplitude - retrace The excitation of the cantilever for the retrace movement is per default the
® Use trace value (0.300 V) same as for trace. If needed it is possible to modify the Drive Amplitude —
O retrace, the Drive Frequency — retrace and the Phase Shift — retrace

separately from each other.
Drive Frequency - retrace

® Use trace value (100,00 kHz)
@]

Phase Shift - retrace
® Use trace values (0.00 dag)

O

NanoWizard® Series User Manual Version 6.0 89



l “ I ‘ Nanotechnology for Life Science

86 Force Spectroscopy
Instruments

86 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 from indentation.
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 7.2).

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

Select Contact Mode from the feedback mode drop-down menu at the top of the
software.

Contact Mode -

AC Mode
Ql

Force Modalation Mode
‘E Imaging ‘| Select Force Spectroscopy in the Measurement Mode drop-down list.

(.‘_ Force Spectroscop

Setup Motors Accessories DataViewer Advanced Force Spectroscopy Window Help

m| [
\ﬁ\ “‘_l ‘IIHL [ ]
~ Feedback Control 10 [_To[x [_[o]x

o L . - DEEOE

Setpoint B 03[~ v

~ Spectrosco

&2 EH]
Absolute| Basic | Advanced
Rel. setpoint [~ || 0.4][~]v

Baseline na.
djust Baseline|y

2/ (¥ » (4]

Contact Mode -| ‘anrcs Spectroscopy .‘ “ |‘ “ ‘E

Display

10 410 Baseline

T
2
H
w

-]

Z Length [ 10|[~]um

Z Movement  [Constant Speed v/

Extend Speed [~ || 2.0][ =] umus

Extend Time 0.5

Ext.Delay  [<|[ o.0|[<]s

Retr. Delay [~ || 0.0[-]s

|constant Force ~|

sample Rate [~ || 2048|[« |Hz
0

Vertical Deflection: Extend (V)
o
=

(A) 398418 U0IIRBYE [ [BOILBA

X, Y Position

8 Xin pm ¥ in pm

S S S SO S S a5
25 20 15 -0 5 0 5 10 15 20 25
Height (measured & smoothed) (um)

EEEer— A

| Delete | | Clear | | New

On the left side of the main SPM window, the Scan Control panel is replaced by the Spectroscopy Control panel with
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the parameters to control the tip movement during force spectroscopy experiments. The Force Spectroscopy Oscillo-
scope which displays the force curves opens automatically.

Force Spectroscopy

=

= Force Scan Series List

| Force Spectroscopy Oscilloscope |

 [ut] Force Time Oscilloscope

9, Advanced Force Settings

<5 calibration Manager

[aa

=]

Il &)

The Force Spectroscopy drop-down menu appears in the menu bar. All nec-
essary windows concerning Force Spectroscopy mode can be opened from
this menu.

The shortcut icons at the toolbar on top allow for quick opening of the Force
Spectroscopy (see Section 6.1.2) and Force Time Oscilloscope (see Sec-
tion 6.1.3)to display the acquired force curves, as well as the Force Scan
Series List to manage data saving (see Section 6.6.2).

6.1.1 Introduction to the Force Spectroscopy Control

w Spectroscopy Control

B HIENIEN

|Abso|ute| Basic |Advanced|

Rel. Setpoint
Baseline

Sample Rate

Adjust Baseline|l

=]l 0.4][+]v
n.a.

- |

Z Length B|—10|Bpm
Z Movement |Constant Speed v|
Extend Speed [3|72.0|[3me5
Extend Tme 0.5s

Ext. Delay B|—OD|BS
Retr. Delay B|7CICI|BS
Delay Mode |m|

=]l 2048/ » |Hz

Z Closed Loop [

X, Y Position
M.

Xin pum Y in Jm

[ Delete l [ Clear] [ New]

The shortcut icons at the top can be used to open the Calibration Manager
(see Section 7.2), the Spectroscopy Pattern Manager (see Section
6.4.2), the Force Scan Repetitions (see Section 6.4.1) window or the
Advanced Force Settings (see Section 6.3).

Tabs for & Absolute, Basic and €& Advanced mode offer different control
settings for the force scan movement. These Basic settings are explained in
Section 6.2 and provide an easy way to perform force curves including
variable approach, delay and retract settings.

The Advanced mode is an optional software extension and is not included
in the Basic software version. These Advanced mode settings are ex-
plained in Section 8.6 and allow more complex force scans. Different types
of force segments can be freely combined, such as length segments, rela-
tive force movement, force clamp and delays. Custom settings can also be
saved and reloaded.

The Absolute mode (see Section 8.5) allows for driving absolute distances
with the Z piezo and comes with the € JPK ForceWheel ™,

The lower part of the panel has the list of (X, Y) positions where the force
curves will be performed. These can be selected by hand or set automati-
cally as a grid (see Section 6.4.2). Alternatively the force experiment can be
controlled as Force Mapping (see Section 6.7).

6.1.2 The Force Spectroscopy Oscilloscope

The Force Spectroscopy Oscilloscope opens automatically. The current force-distance curve is plotted in the main
area of the window.
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Use the shortcut button at the toolbar on top to open the Force Spectroscopy Oscilloscope if necessary.
The oscilloscope can also be opened via the Force Spectroscopy drop-down menu.
— = 2% The standard oscilloscope
350 13%° CSEDENESL: Y toolbar on top can be used
to modify the display set-
300 4300 . fy . ey
. - tings, see (Section 3.2.1).
% 3 Baseline
E 250 1230 ; Click Display to show and
o 2 adjust the display settings
o 200 < 200 = .
g e more specifically.
;
T 150 1150 &
£ E)
2 =
100 4100
=3 . . . . . . ‘ =3
-20 0 20 40 50 80 100 120 140
Height (measured & smoothed) (nm)
HEE
350 Laso LB (]
| —_— |v Horizontal Axis
300 300 i X Max I 120|[ = |nm
= 5 Baseline X Min E“jl[z]nm
g 250 —4250 o
g o ¥ Vertical Axis
a T Chl|chz|/cha cha
5 200 1200 & Channel \Vertical Deflection -
% é Display ‘AII -‘
3 150 d1s0 & e (J___ssol(«]mv
E S Min =]l s0/[+]mv
> s Color (Extend) ‘ Light Blue -‘
Har g 2ot Color (Retract) ‘- Dark Blue v‘
-20 20 40 80 80 100 120 140
Height (measured & smoothed) (nm) [add New Operation -
¥ Horizontal Axis The standard X Channel for displaying the force-distance data is
ei measured and smoothed). This uses the linearized sensor
X Ma (][ 140|[+]nm Height d and thed). Th the | d
X Min E]| -20 E]nm channel Height (measured) rather than the simple piezo voltage
X Channel |Height {meas. smth.) v| Height, so there is no hysteresis or piezo creep (see Section 7.1.2).
This channel is used for the Horizontal Axis of the force-distance
display.
¥ Vertical Axis In contact mode the Vertical Deflection is directly related to the force,
Chlich2|ch3|ch4 and this is used for the Vertical Axis of the force-distance display.
Channel |vertical Deflection -] Always make sure that the Vertical Deflection channel is enabled
Display |l - (default setting). If it is not available, see Section 3.2.7 for details of
¥ Max E]| 350 E] v the Channel Setup and Saving Settings controls. For force spectros-
N Min E]| 50 E] v copy in other feedback modes, such as AC mode (see Section 4.4.1),
Color (Extend) | Light Blue - the feedback channel is usually used.
Color (Retract) | N Cark Blue v|
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Add Mew Operation ‘| The force oscilloscope provides online analysis in terms of operations
which can be chosen using the Add New Operation drop-down menu
at the bottom of the Force Spectroscopy Oscilloscope. These opera-
tions are based on the JPK Data Processing software; please read the
JPK Data Processing User Manual to learn more about parameter
adjustment. All operations can be saved for loading into later sessions
using the corresponding buttons at the right. They can also be gener-
ated or loaded and used in the JPK Data Processing software.

Add New Operation
Measure Slope
Adhesion

Curve Statistics

Reference Force Height

New operations appear in the tab in the middle. Click on the added operation to open and adjust the corresponding
parameters:

HEEE
0, s |(RJEIH](T] =]
Measure Slope
200 4 zo00 Display Measure the slope of the curve by fitting over
the chosen fit length.
z g Seeare Measureslope1 |
E 1s0 1150 2 Name |Measure slope 1
g % | Measure Slope 1 Segment | Extend -
5 100 J100 % X Channel | Height (measured) -
= 0
_E = Y Channel Vertical Deflection
i3] 2
% 50 150 = Fit Range |Re|atiue Fosition hd
=} 5
= B X Min \ 0.0[[ = Jnm
g 2
€ o 10 T X Length 10.0 nm
5 3 g 8] 8
17.85 Vium
-50 -4 -50
-100 1 I' L L 1 L 1 1 -100
-20 0 20 40 60 80 100 120 140
Height (measured) (nm) [Add New Oparation -

The parameter settings as well as the Name of new operations can be customized. The result is shown at the bottom of
the operation settings panel (here Slope).

All online operations are only display-options and are not saved with the force file. Customized operations
can be saved using the corresponding save button and opened/applied in the JPK Data Processing software.

You can find a short description of the selected operation on top of the operation settings panel.

The following operations are available:

Baseline
HEE
250 s ((RJEB]HI(T i-1
. Operation Fitted Baseline e
200 4 200 Display P
i, Fitted Baseline
b S | EErzling 5ubtragt Baselin¢
E 150 4150 & Automatically subtr Measured Baseline
E B
= = Name
& =
4 100 {100 & Segment | Extend -
c [=3
2 g X Channel | Height (measured) -
=] 3
% 50 150 2 ¥ Channel Wertical Deflection
a1 =
T a Fit Range % of Curve
E g 1° 3 X Min ]l 90.0| ] %
X Max (-] 1000] - =
-50 - -0
Vertical na
Deflection -
100 I I I I I I I 100
-20 0 20 40 60 80 100 120 140
Height {(measured) (nm) |add new operation v|
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The Baseline offset is obligatory for most of the available operations to yield reasonable results. For this reason, the
Baseline operation appears by default before any other operation can be applied. The Fitted Baseline operation is
shown by default and the corresponding settings and results open in the right-hand panel upon selecting Baseline.
Adjust the settings (Fit Range, marked in grey) using the X Min/X Max input fields or drag the fit range directly into the
force curve display. The baseline is set to zero (y-offset) and used for subsequent operations. Also the Measured
Baseline can be used for subsequent operations. This is the baseline, i.e. free vertical deflection, measured at the

beginning of the force curve, which is also used for the Adjust Baseline feature (see Section 6.2.1).

Measure Slope

HEE
20 s |QJE ]I i1
Measure Slope
200 4200 Display Measure the slope of the curve by fitting over
the chosen fit length.
= = Baseline —_———————————
= 1)
E 150 1150 2 Name |Measure Slope 1 |
E % | 1 | Measure Slope 1 Segment | Extend -
E 100 4100 % X Channel | Height (measured) A
= 0
S g Y Channel Wertical Deflection
5 3
% 50 50 E Fit Range |Relative Position -
a = —T
- g X Min . \ 0.0/ Bnm
£ 0 40 I X Length - 10,0/ = |nm
E 3 9 D Y D
- Slope 17.85 V/um
50 —-50
I|
\
-100 L Ll 1 1 1 L 1 =100
-20 0 20 40 &80 80 100 120 140
Height (measured) (nm) [Add Mew Operation v| Y| (|

The Slope value is fitted with a linear fit (green line) over a defined Fit Range (marked in grey), starting, by default,
from the end of the force curve at the sample. This can be changed by varying the X Min parameter. The X Length
should be chosen to be shorter than the steep straight part of the force curve. The Fit Range can also be drawn directly

within the force distance plot.

Adhesion
HEEE
250 s |LQJEIH]T] i1
Adhesion

200 4200 Display Measure adhesion from a force curve.
< < Baseline Name |adhesion 1 |
E 4 =1
bt 150 150 ol — Segment | Retract -
= = Measure Slope 1
2 2 @ P X Channel | Height (measured) -
100 1100 F =
S E‘i | m | Adhesion 1 Adhesion 58.69 mv
g 5
@ -
= 50 50 a
o by
— o
g =1
£ 0 <40 g
g 5

50 —-50

100 L I i i i L i 100

-20 0 20 40 &80 80 100 120 140
Height (measured) (nm) ‘Add New Operation v| Y| (|

The Adhesion is measured as a single value, the difference between the lowest data point (green circle) and the base-

line.
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Reference Force Height

EEE
250 Jase (LRI [E][=] =]
Reference Force Height
200 - 200 Display Determine the height value corresponding to a3
given percentage of the setpoint, using a
< < Baseline smoothed curve.
E | =
=y S0 LS Name |Reference Force Height 1 ‘
= z Measure Slope 1
O =)
+ o Segment | Extend v‘
w100 —4100 2
= 2 m Adhesion 1 X Channel | Height {measured) "
o 5]
I 3 ¥ Channel Wertical Deflection
2 50 - 50 4 Linear Fit Height 1
a 5 Smoothing W... E]\ 40 E]pixels
5] o o = | Reference Force Height 1 |Re|ative Berae E]‘ 30 E]%
g 7 3
Q
> = Height
(measured) 7.658 pm
-50 - -50
100 L I I i i L i 100
-20 0 20 40 B0 80 100 120 140
Height (measured) (nm) |Add New Operation v|

The Reference Force Height operation determines the height value at a particular percentage of the applied setpoint
force. Therefore the raw curve is smoothened (green curve) by a moving average using the Smoothing Width, and the
Height at the Relative Force (green circle) is determined. The height channel selected for X Channel is used for this
calculation.

Curve Statistics

—re——
350 - 350 (Q][E])[=][T][E] =3

. Curve Statistics
Display Calculate statistical guantities (maximurm,

300 - 300 minimum, mean, rms) of a spectrescopy curve.

= <

E g Baseline Name |curve statistics 1 |

= a

= 1

2 250 =0 & Height Segment [ Retract -
]

E = X Channel | Height v|

= a Height (measurad)

g 200 {200 § ¢ ¥ Channel [Vertical Deflection 3

5 3

% = Measure Slope 1 Result Type |Mimmum Value v|

a =

— o " " P

5 150 4150 g adhesion 1 Fit Range |Re|at|ve Position v|

E 3 X Min \ 0.0][+|m

100 1100 | Curve Statistics 1 | X Length E]‘ o m

Vertical
Deflection

-127.00 mv

50 | I I I I | I 50
-20 0 20 40 60 80 100 120 140

Height (measured & smoothed) (nm) |Add New Operation v|

The Curve Statistics operation calculates common statistical values of the force curve: The Minimum and Maximum
Value along with their Position on the X axis, the Mean Value and the RMS Value. Choose the desired Result Type
to show the corresponding result at the bottom. By default, all data of the selected Segment are used for statistical
analysis. Adjust the Fit Range by drawing into the force data plot or using the X Min and X Length input fields.
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Invalid operation warning

[=[o]x]
10 10 (QJE][(+](T] (EX)
8 -8 i
Display Operation |Baseline -
6 —46
E= < Subtract Baseline Offset
= Baseline
- 4 14 g | o} | Automatically subtract the baseline offset,
2 &
@ o
Name
i 2 1z &
=h
£ , 1o 2 Segment | Retract -
g o X Channel \ N Height (measured) v|
R
g 2 42 7 ¥ Channel Vertical Deflection
L3
E A :
= 4 4.4 o Fit Range % of Curve
2 S X Min =]l 90.0|[ | %
& 16 P ——
X Max [-][ 1000 %
8 - -8
Vertical 3
Deflection -
10 I I I I I I I 10
-4 -3 2 =1 4] 1 2 3 4
Time (x10% s) [add new operation -l 2] (1=

Active operations might become invalid if they lose their channels or segments (e.g. in Advanced Spectroscopy mode,
Section 8.6). This fact is indicated by a small warning icon. In this example, the Baseline operation is invalid because
the Height (measured) channel is missing. In case of invalid channels open the Channel Setup (Section 3.2.7) and
check if the corresponding channel is activated.

invalid operation warning icon appears for any operation. If the required channels are not activated, i.e. no

: Always check whether all required channels are activated in the Channel Setup (Section 3.2.7) when the
data are collected, the corresponding operation is invalid and cannot analyze or show any data!

6.1.3 The Force Time Oscilloscope

Open the Force Time Oscilloscope using the corresponding icon in the shortcut icon toolbar when
force spectroscopy mode is active. Alternatively, the oscilloscope can be opened via the Force Spec-
troscopy drop-down menu.

' -I-"t

The main Force Spectroscopy Oscilloscope described in Section 6.1.2 shows the conventional force-distance plot of
the spectroscopy data.

The Force Time Oscilloscope shows an alternative view of the same data. Here, the force data (or other channel,
including the height) is plotted against time.

SR .= 2/*| The Force Time display is updated
700 , ()8~ T] continuously during the movement,
end | Retract
|  Show Segmert Names while the main oscilloscope in Sec-
¥ Horizontal Axis tion 6.1.2 is only updated at the end
z e [J[___400][<]ms of the cycle.
= X Min I 0/[~]ms
(=]
& ¥ Vertical Axis i
3 Choose the desired Channel to be
5 thl|chz2|ch3|cha . . .
° channel [Vertical Deflection g displayed over time (Duration).
§ Display |AH v| . . .
> - CIC___ 7o) mv Adjust the view using the standard
Min -]] s0][« | mv oscilloscope toolbar (see Section
color | = Dark Blue -/ | 3.2.1) or the X/Y Max/Min input
| I I | | | |
0 50 100 150 200 250 300 350 400 fields.

Duration (ms)
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\=12/x] The Force Time display also in-
(Q (][] i
700 }exterd \Extended Patse- - - Retract cludes the data collected during
! ! & Show Segment Names pause or delay segments, while the
} | ¥ Horizontal Axis oscilloscope in Section 6.1.2 only
Z ! ! X Max %:%%ms displays the extend and retract
= | | X Min 0 ms
s | | ) ) movements. The example here
B ! ' ¥ Vertical Axis
S | : Chl|ch2 ch3|ch4 shows the data curve for a move-
o | ' - " .
T 3 | Channel  \Vertical Deflection  ~| || ment with 300 ms Extended Pause,
= | | Display |l ~| ( . .
g ‘ . see Section 6.2.2 for details).
= | I
! | Max =l 720[ | mv
1 | wn sl
i i Color ‘-Dark Blue v|
i | i i | i
0 100 0 300 400 500 600 700
Duration (ms)

O The time data are saved by default and can be displayed within the JPK Data Processing software as well.
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6.2 Basic Force Spectroscopy Mode

- SPECthCOPY Control In Basic mode, the surface position is defined by the Relative Setpoint

I 31 ] l ] l \.\ l value of the feedback channel (i.e. Vertical deflection in contact mode), i.e.

the cantilever is moved towards the surface until the Relative Setpoint is

Absolute | Basic | Advanced reached. The piezo movement Z length is performed relative to this posi-

Rel. Setpoint [ZH—':"“HZ]V tion. This is particularly helpful when the lateral position changes between
Baczeline n.a. curves, and the surface height is different from point to point.

Adjust Baseline|1

v|

The top set of parameters control the distances moved by the z piezo, and

Z Length B |71'D|Bpm the features for limiting the repulsive forces between the tip and sample. Z-
Z Movement  |Constant Speed | Length defines the range of the force curve. Z movement can be used to
Extend Speed B| 2-0|[Z]Hmf5 choose between Constant Duration and Constant Speed for the tip
Extend Time 0.5s movement. Depending on the selected setting it is possible to adjust the
Ext. Delay B |—m|[35 Extend Time or the Extend Speed.

Retr.Delay  [~][  0.0|[+]s The bottom part of the panel has the main parameters to control the timing
Delay Mode  |Constant Force | of the force curves (see Section 6.2.2).

sample Rate | ~ || 2048|[ « | Hz

Z Closed Loop [J

/ \ The Relative Setpoint is independent from the Setpoint of the Feedback Control. The Feedback Control

\f parameters do not influence the motion during a force spectroscopy experiment.

The z piezo extends, moving the cantilever towards the surface until the
Setpoint setpoint is reached and retracts it again.

G‘? (”/ 1. Approach of the tip from far distance.

3 ) .
\ 2. Tip snaps to the surface (jump to contact).

Tip movement

3. Increase of the repulsive force when the tip in very close contact with the

ll'.i -+ 1 sample. The movement stops when the vertical deflection reaches the
i ey . . .
Relative Setpoint value (blue circle).
J-'ﬁ-
—_—5 \
-'| Baseline 4 Retraction of the cantilever while the tip is still in contact (adhesion).

2 4 | 5. Tip is pulled free from the surface. The movement stops after a total
& \ retraction of Z Length.

Z Length

Distance

For the extend part of the motion, the surface position is not necessarily known 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.
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6.2 Basic Force Spectroscopy Mode

6.2.1 The Baseline function

el 125.3 mv In contact mode, the Baseline (see also drawing above) can be used to cor-

Adjust Base“neh = rect for changes in the vertical deflection of the cantilever over time. The canti-
lever 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 Relative Setpoint corresponds to the absolute value of the
Vertical deflection.

1 - The Adjust Baseline is set to 1 by default, i.e. the baseline is measured and used to calcu-

T el i, late the Relative Setpoint before every force curve. The interval can be increased if fast spec-

5 | troscopy measurements are being made, or if the environmental changes are small. For each

5 Baseline measurement, the Vertical deflection value is measured at the start of the force

. curve (the furthest point from the sample). The Relative Setpoint is now used as the change

. in Vertical deflection.

10

20

50

Baseline 125.3 mv In this example, the baseline is being adjusted for each spectroscopy curve.

Adjust Base”neh - The Baseline from the last curve has been measured as 125.3 mV. If the

6.2.2 Timing settings

Extend Speed |z] |720| |Z] pm/s
Extend Time 0.5s

Ext. Delay |E] |—CICI| |Z]s
Retr, Delay |E] |—CICI| |Z] s
Delay Mode |m|
Sample Rate |E] |W| |Z] Hz

Relative Setpoint is set as 0.2 V, then the force curve will use the Vertical
deflection value of 0.3253 V as the turnaround point.

Extend Time/Speed controls the speed of the movement on both extend
and retract 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).

The Retracted Delay takes place between consecutive force curves, and is not shown in the Force
Time Oscilloscope or saved with the data.

Delay Mode  |Constant Force =|
(el Jo— —

Sample Rate )
Constant Height

Z Closed Loop

——  — Constant Force

sample Rate | - || 2048|[  |Hz ‘

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 posi-
tion.

For Constant Force the piezo height is adjusted to keep the cantilever
deflection 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 defines the sample number for each segment of the force spectroscopy
cycle.

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

6.2.3 Zclosed loop

If Z Closed Loop is enabled (), 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, e.g. Z Closed Loop disabled, the piezo voltage is increased and decreased and the col-
lected 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 the low-noise Z sensors of the NanoWizard® AFM heads.

6.3 Advanced Force Settings

. The Advanced force Settings window can be opened via the Force Spectroscopy drop-down menu in

| \ the main menu list or using the corresponding shortcut icon in the Force Spectroscopy Control panel.
The Advanced force Settings provide extra parameters in addition to those found in the Spectroscopy
Control panel.

Q, | — | % 'I' In the Advanced Force Settings window the Z Extend Rate and Z
Extend and retract rates Retract Rate can be set to different values, if the Use the same rate
for extend and retract box is unticked.

&1 Use the same rate for extend and retract
Update Time or Speed|C0nstant Speed v|

7 Extend Rate (<) 20|[+]ne

L - Z Speed, Z Length and Z Time for extend or retract segments depend
Z Extend Time (-]l 0.5/~ ]s

on each other. Update time or speed helps to either maintain the

= B e UL 20l Jumis duration of a segment (Constant Duration), or to maintain the Z Speed
Z Retract Rate (~][ 20|[+]He (Constant Speed).

Z Retract Time |z] [ o5 |z]s

Z Retract Speed |z] |720| |3 s

Number of collected pixels

While extending 1024

While retracting 1024 The sampling rate is displayed for extend and retract segments.
Waiting times at extended and retracted point

Retracted Delay [ o0][+]s The delay parameters can be adjusted as well as the Delay Mode.
Extended De. .. [ o0 |Z]s

Delay Mode [co.. -

Movement after relative Setpoint is reached

Z Scan End |z]| 0.0||:Z]|.1m
Time including delays for standard cycle

Time for Scan 1.0s
Start spectroscopy settings There are different Settings available after spectroscopy is stopped.
Start Option

Return to starting mode is selected by default. Constant height

Settings after spectroscopy stopped . . "
J P Py sTopP mode maintains the end position of the last force curve segment. Re-

End Option Return to sta... = . X .
T P [Return to sta. . tracted piezo mode and Idle mode turn the piezo into retracted and
|J—] approached mode respectively.
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6.4 Selecting spectroscopy points

6.4 Selecting spectroscopy points

By default the force spectroscopy experiments are performed in the center of the currently selected scan area. The
measurement points can also be freely selected within the whole scan area, either as single points or a defined pattern.

6.4.1 Point selection and the Position list

. Select New Scan Region
. Measure Distance
_ Select Cross Section

= Measurement Point Selection

_ Mowve Sample Point to Reference Position

| Round up Scan Region Selection

_| Show Manipulation Pattern

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

Right-click in the Data Viewer window and choose Measurement
Point Selection. Select the desired measurement position in the
Data Viewer window using the left mouse button. The coordinates
of the measurement position appear in the X,Y Position list of the
Spectroscopy Control window (see below). The coordinates are
relative to the center of the 100 x 100 pum scanner range (not
necessarily the current scan region).

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

X, Y Position Several measurement positions can be selected and activated by clicking on them

Nr, Xin m Yin Jm |

11174 14,923
23.216 15.834 list.

22,5 21.823

L2 B - VF R 8

18,855 26,119

’ Delete ” Clear H MNew ]

positions.

in the X, Y Position list of the control panel. The selected spectroscopy point is
highlighted in green in the Data Viewer, and is highlighted in the X, Y Position

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

Delete removes the currently selected position. New adds a new position; type the
coordinated manually into the corresponding input fields. Use Clear to delete all

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, open the Force Scan Repetition settings using
the shortcut icon on top of the Spectroscopy Control panel.

() single

O Infinite
W Go through Xv Position list
Repeat mode|Repeat each point A|

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

© Number of Scans: EH:'E] 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

Repeat each point measurement at each point before moving, and goes through the point list
Repeat whole list the set number of times.
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6.4.2 Spectroscopy Pattern Manager

Open the Spectroscopy Pattern Manager using the shortcut icon on top of the Spectroscopy Control

Ssss panel to create grids of spectroscopy points.
-5 | — | x| The Spectroscopy Pattern Manager allows a grid of spectroscopy
Grid Pattern |Spira| Patternl points to be generated automatically. This is similar to performing a
¥ square Grid Mapping experiment (see Section 6.7), but the points can be measured
Fast E]| 10.0 E]pm independently and the force spectroscopy files are handled separately.
Slow E]lle]“m The settings in the Spectroscopy Pattern Manager have the same
% Offset E“jl@“m definitions as for selecting scan regions. The values are automatically
V Offset E]Ile]um initialized fr_on_1 the currfent scan area, but new values can be set
o S E]lle]deg anywhere within the full piezo range.
Fast Points E]l 8 E] Update Position takes the X and Y Offset position from the current
Slow Points [~ || 8|[~] cantilever position. The sizes and offsets can be typed directly in the
Grid Cell Ratio | 1:1 v| input fields, and the grid will be updated when Set Grid is clicked.
[ Q J| Set Grid |

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 Pattern Manager will be
greyed out. The last grid can be restored using Set Grid.

i — | x || Also Spiral Patterns can be generated. Choose the corresponding tab
Grid Pattern| Spiral Pattern | and define the desired position, size and Number of Points.

X Position E]E]um
' Position E]|j@pm
Max. Radius E]|jE]um
Mum. Turns E]|j@
Rotation Angle E] |:| E] deg
Mum. Points E]|jE]

Set Spiral

6.5 Force Spectroscopy in AC Mode

Typically, force measurements are performed in contact mode. Force-distance experiments can also be performed in
AC modes, however, measuring the amplitude or phase of the cantilever during the force spectroscopy cycle.

EErRERR MEdkE .| Select AC Mode from the feedback mode drop-down menu at the top of the software.

AC Mode

al
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6.5 Force Spectroscopy in AC Mode

The AC Feedback Mode Wizard will open. Perform the cantilever tuning as described in Section 4.4.1.

-

‘g Imaging

(-_ Force Spectroscop

Select Force Spectroscopy in the measurement mode drop-down list.

Like in contact mode based force spectroscopy, the Scan Control panel is replaced by the Spectroscopy Control
panel and the Force Spectroscopy Oscilloscope which displays the force curves opens automatically. Also the Force
Spectroscopy drop-down menu appears in the menu bar as well as the force spectroscopy related shortcut icons.

Please read Section 6.1 for details.

* Spectroscopy Control

EHHIENIEN
|Abso|ute Basic Advanced|

Abs. Setpoint |~ || 17.0|[ = Jnm
Z Length E]| 1.0 E]pm

Z Movement |Constant Speed

Extend Speed E]| 2.0 E]umfs

v|

Extend Time 0.5s

Ext. Delay E]|j|E]s
Retr. Delay E]|j|E]s
Delay Mode |@

Sample Rate

Lol

Z Closed Loop

In AC mode based force spectroscopy, the surface position is defined by
the Absolute Setpoint value of the feedback channel (Lock-in Ampli-
tude), i.e. the cantilever is moved towards the surface until the Absolute

Setpoint is reached.

Please read Section 6.2 for a detailed description of the Spectroscopy

Control settings.

When the Force Spectroscopy Oscilloscope window is opened in AC mode, the default channel is Lock-in Ampli-
tude. Close to the surface, the Lock-in Amplitude decreases from the free value (on the right) as the cantilever ap-

proaches the surface (towards the left).

=ER

30 |

Lock-in Amplitude: Extend (nm)

32 1
W i
28 - i
26 - _
24 - E
22t -
20 - b

18 |- 1

I
0.9 1.1 1.2 1.5

0.7 o
Height {measured & smoothed) (um)

30

28

26

24

22

20

18

(QJ(&E [~ T](E]

| Display |

Baseline

(WU Joea3eY apnyduy ukyoo]

|add New Operation

-| [¥] [m]

¥ Horizontal Axis

o [
xon () as](=um
X Channel |He|ght (meas. smth.) '|

¥ Vertical Axis

Chl|ch2|ch3|ch4

Channel [Lock-in amplitude

Display |AII v|
o [J__Baoa))m
v ) t60s)]mm
Color (Extend) | Light Blue v|

Color (Retract) | mmm Dark Blue

Other channels, including the Phase can also be selected for Vertical axis on the right of the Force Spectroscopy
oscilloscope. Select the Display Tab and choose a different Channel, e.g. Ch 2 to display the Phase deflection simul-

taneously with the Lock-in Amplitude.
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32 432 Force spectroscopy in AC mode can help to find a suitable
imaging setpoint for AC Mode imaging. Strong tip sample
30 - interactions or measuring in liquid result in amplitude
. changes/damping, even though the surface has not been
E 28 F 1°8 reached (amplitude regime above the red line). This un-
g o5 | 16 stable behavior makes it difficult to find a reasonable
E imaging setpoint. If an amplitude distance curve is record-
8 L |- ed, the regime where the amplitude starts to decrease
2 linearly (below the red line) becomes visible and allows for
:E: 332 | 422 setting the setpoint appropriately (e.g. somewhere below
'E the red line).
g 20F 420
18 - 418
| | i i | | i |
0.7 0.9 1.1 1.3 15

Height (measured & smoothed) (um)

6.6 Managing and saving spectroscopy curves

6.6.1 File saving

|' ) After obtaining a force spectroscopy curve, save the data using the Save Force Scan shortcut icon in
* ] the Spectroscopy Oscilloscope.

|' * Enable the Autosave function at the shortcut icon toolbar to save each completed force distance curve
_ & automatically (see Section 3.2.8).

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 nhormal 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.

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.

Open the Saving Settings via the Setup drop-down menu to define the settings for all file formats. Choose the Force
Scans tab and adjust the naming, storage location and channels to be saved as described in Section 3.2.8.
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6.6 Managing and saving spectroscopy curves

2

EEIEY

W Use one folder for all data types |E » home » jpkuser » jpkdata » 2015-04-20_ NWUS_WS_Romania » WSday » livingce

QI™ Advanced Imaging | QI™ Imaging | Voltage Spectroscopy |

| DirectOverlay Optical Calibration |
Image Scans Force Scans Force Scan Maps | Real Time Scans | Woltammetry | Temperature data

Filename root: |f0rce—save

Folder: |Q b WSday » livingcells

@® Filename-Timestamp
O Filename-Counter  (0)

Mame |

Comment

Save with Scan

Channel Extend Retract Pause Modulation
Height v
\Vertical Deflection (¥ ¥y %] ]
Lateral Deflection - O O -
Lock-in Amplitude W W
Lock-in Phase Vv ¥ v v

Auxiliary Channel 1
Auxiliary Channel 3
Auxiliary Channel 4

Error Signal O O O O
Blank Data

DaC 3

Height (measured) [ 0 4 1%
Lock-in Amplitude 2 [ O O -
Lock-in Phase 2 O O 0 O

Channel Setup

Extend and Retract of Height and Vertical deflection channels are required data for collection. Other channels can

be enabled if required for the experiment.

curve. The name and curve settings are all taken from the Saving Settings panel.

O During force scanning, the keyboard shortcut Ctrl-F can be used at any time to save the last recorded force

6.6.2 Force Scan Series List

[1I& -
e

ol x

Recent Series

Mumber of listed entries E] |E| E]
Series-2015.08.18-10.47.16

Series-2015.08.18-10.47.15
Series-2015.08,18-10.47.14
Series-2015.08,18-10.47.13
Series-2015.08,18-10.47.04
Series-2015.08,18-10.47.03
Series-2015.08.18-10.47.02
Series-2015.08.18-10.47.00
Series-2015.08,18-10.46.59

& Preview

b Autosave File Filter

‘ The Force Scan Series List manages the saving and removal 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 removed automatically as new scans appear. The number can be
changed using Number of listed entries. Note that the more scans you
store in Recent Series list, the more memory is used.

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.

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

The Remove icon removes the image from the list.

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.
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= o= . .
re——— Enable Preview to show the force scan in
. ) Herizontal Axis . . .
Number of listed entries [~ ][ 20][-) [ [#|[=][IT][&]| the scan viewer (select the scan in the list
Series2015.08. 18104716 | OO M
[0 )sememsoninoeras 00 o0 and the name is highlighted with a blue
Series-2015.08.18-10.47.14 box)
| T | series-2015.08.1810.47.13 500 | 1600
E] Series-2015.08.18-10.47.04
[ |[ @ ] series-2015.08.18-10.47.03 < 500 {s00 <
Serles-2015.08.18-10.47.02 % g
| &= || @ | series-2015.08.18-10,47.00 g 200 1400 g
E] Series-2015.08.18-10.46,59 é (r;‘,
| T | series-2015.08.1810.46.57 LI s #
(=] Series-2015.08,1810,46.56 | © §
E] Series-2015.08.18-10.46,55 E %
2 200 Jz200 =
Serles-2015.08.18-10.46.54
(=] Series-2015.08.18-10.44,43
E] Series-2015.08.18-10.44,43 100 1400
: " Head Height (measured & smoothed) (pm)

P Autosave File Filter

5\, Saving settings opens the window for setting the saving directory and channels

g‘l’ Save all saves all the current files in the list

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

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

® Mo Filter
O simple Filter
() Advanced Filter

& Preview The Simple Filter uses the value of Adhesion that can be calculated for

all force curves (see 6.1.2). If the Adhesion Threshold is not reached

o TS AIS (Al during retraction, the curve is not saved. Note that the threshold value

Aut . .
g NU E'Ttave set here is an absolute value, even though the adhesion has actually a
o rliter
® Simple Filter negative sign in the retract curve.

() Advanced Filter

Adhesion Threshold (Retract)

o — e

Current value: n.a.
(Last - min value in first retract)
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6.7 Force Mapping

* Autosave File Filter
W Autosave

() No Filter
O simple Filter
®) Advanced Filter

L]

Process file:

The Advanced Filter allows very complex filtering operations, as the full
potential 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 operation, or a combination of them. The process must
be saved in the normal way, as if for batch processing, this creates a file

No process filter with the extension *.jpk-proc-force. Please read the Data Processing
Accepted: ’ manual to see in detail how a process file can be created and saved.
| Reset

Mot Accepted:
Unclassified:
Total:

' l | Open a Data Processing file for filtering.

Once the process has been selected, the Process file name is shown in

oocoo

* Autosave File Filter

& Autosave the panel. Each force curve is processed in the background, and only
O No Filter the results of the filter are shown:
O simple Filter

- SR A Accepted is the number of files that have a filter result 1 or true.

O] . . .

|—l Not Accepted is the number of files that have a filter result 0 or false.
Process file:

filter-process.jpk-proc-force Unclassified is the number of files that produced an invalid filter result.
Accepted: 5

Mot Accepted: 0O Total is the total number of curves saved since Reset was clicked.
Unclassified: 0 |-ﬁ]

Total: 5

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.

6.7 Force Mapping

6.7.1 Introduction to Force Mapping

Force Mapping is an extension of the Force Spectroscopy mode. Please read Section 6.1 and 6.2 for a close de-
scription of Force Spectroscopy mode and its functionality. 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 online to give
a value at each point. These values are displayed as Force Mapping images in the Data Viewer window.
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Contact Mode

Select the desired feedback mode, normally Contact Mode, from the feedback mode

-

AC Mode
Ql

drop-down menu at the top of the software.

To perform Force Mapping in AC Mode, please read Section 6.5 for a further descrip-

tion of Force Spectroscopy in AC Mode.
Force Modulation Mode

‘g Force Mapping

Select Force Mapping from the Measurement Mode drop-down box.

On the left side of the main SPM window, the Scan Control panel is replaced by the

g Ptz STy Force Mapping Control panel with the parameters to control the tip movement during

E Imaging
g Fast Imaging
E Force Mapping

JPK NanoWizard Control

force mapping experiments. The Force Scan Map Oscilloscope which displays the
force curves opens automatically as well as 3 Data Viewers displaying the results of
the online analysis.

=|o[x
Setup Motors Accessories DataViewer Advanced Force Mapping Window Help
(¢] [R) & s || & 2] (] 5| [mm] (3] - ==
22 (¥ ] (@[~ EH o corest oce - I I =S
¥ Feedback Control -
IGain =l 150.0{[ « |z
PGain [+][" o.0048][~]
Setpoint =l 03[~ v
~ Force Mapping Control
EIENENEY . e
Absolute| Basic | Advanced = 2
Rel. setpoint [~ [ 0.a][<]v 2 2
Baseline H H
Adjust Basshne‘l -] @ @
Z Length =0 1.0|[~]um
Z Movement  |Constant Speed |
Extend Speed [ || 2.0|[ =] pmrs
Extend Time 0.5
Ext. Delay =l 0.0][]s
Retr, Delay [~ || 0.0
Delay Mode  [Constant Force =|
sample Rate [~ || 20a8| [« ]z
2 Closed Loop ¥
o=
i (a](m@ (=] L&)
Fast Axis B2l 10.0/[~ |um
Slow Ais =]l 10.0/[ = |um Display
X Offset [~] 0.0{[ + |um Baseline
¥ Offset (=] 0.0/[  Jum —
— — - <
Grid Angle (=] o[« |deg 5 =l 4 {4 g Height
Bx8 || 2 2 3
Pixels [exe -| £ £ 7 12 g Height (measured)
Pixel Ratio [1:1 - 2 [} Iy
—_— ] = 3 =
Position X;  -4.38 um w s ® @ q | @] measure slope 1
Position V: 4,38 pm E El _
T ) . B [T Adhesion 1
¥ ZRange & 17 3
0 pm 2.944 pm 15 pm = g
— ] g 4 {a z
Extended Retracted
¥ System Status g 1¢
sum 5.01V
Vertical Def 0.5V 2 le
Lateral Def  1.37V B ———
status Motors Retracted | channel | | settings | | view | [ Focus |
10 R 10
“300 200 0 200 400 -
Height (measured & smoothed) (x10%) [add New Operation ~| [2Z] [m=m]
Instruments © 08:21:11; Wrote configuration to spmgui-user.properties [ 57MBof 2.89GB |
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[_Jo]x

slow (pm)
I

[ channel ] [ settings ] [ \-’iew] [ Focus ]

6.7.2 The Force Mapping Control panel

The map in the Data Viewer shows a grid of filled pix-
els, whereas a single force spectroscopy curve is ac-
quired at the center of every pixel.

Values for Slope, Adhesion and Height/Height
(measured) are calculated automatically from each
force curve (see Section 6.1.2), and these values are
used to generate the images seen in the Data Viewer.
The height channels correspond to the reference force
height described in Section 6.1.2. In brief, the height is
calculated online as the height at 80% of the setpoint
force, determined from the extend curves, smoothened
with a 40 pixels moving average. The preset values of
40 pixels smoothing and 80 % of setpoint force can be
changed in the Force Scan Map Oscilloscope (see Sec-
tion 6.7.3).

The tip movement is not the same as the trace and
retrace movement in Contact Mode imaging. The force
mapping experiment is started at index O (bottom left
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 blue frame.

The Force Mapping Control panel contains the main settings for the shape the single force curves.

¥ Force Mapping Control

The shortcut icons on top allow opening a new Data Viewer window, to con-

|' @ ] ‘ Q l l % ] ‘ ‘\ l firm a new scan region (see Section 5.1.3), to show/hide the grid frame or to

|Abso|ute| Basic |Aduanced|

Baseline n.a.
Adjust Baseline|1 v|
Z Length |Z] |7 ﬁ| |z] o retract settings.

Z Movemnent |C0n5tant Speed v|

Extend Time 055

Retr. Delay |z]| 0.0||Z]s

Delay Mode |C0nstant Force v|

Sample Rate | - || 2048|[ « |Hz
Z Closed Loop [

open the Advanced Force Settings (see Section 6.3).

— The Basic settings are used as default; please find a close description in

Rel. Setpoint |~ || 0.4[«|v . . . _
—_— Section 6.2. For starting with Force Spectroscopy Maps, Basic offers an

easy tool to perform Force Mapping including variable approach, delay and

& Absolute and € Advanced are optional modes and offer different control

Extend speed |z] |720| |z] umis settings for the force scan movement (see Section 6.1.1, 8.5 and 8.6). Using

Advanced mode, more complex force spectroscopy curves can be per-
—r——r form .g. differen f for men n run her.

Ext. Delay |3| 0.0||Z]s ormed, e.g. different types of force segments can be strung togethe
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- Grid The Grid panel provides the parameters to set the size (Fast/Slow Axis),

=IO 'mag_e _ and position (X/Y Offset) of the scan region. Alternatively, click and drag a
Fast Axis lZH 10,0 + |pm new scan region directly within the Data Viewer as described in Section
Slow Axis [Z]| 10.0| & |pm 5.1.3. Disable Square Image in order to acquire rectangular force maps.
X Offset [Z] |—DD| [« jrm . . ) .

S Le— The desired resolution of the grid can be set by selecting the number of

¥ Offset (~]] 0.0/[ = |um Pixels.
Grid Angle B |70| Bdeg
Pixels l8x8 v| Pixel Ratio allows acquiring force maps with non-square pixels.
Pixel Ratio [1:1 | Position X/Y gives the current tip position, i.e. changes with ongoing meas-
Position X: -4,.38 um urement.
Position Y -4,38 um

6.7.3 The Force Scan Map Oscilloscope

Please read Section 6.1.2 for a close description of the Display settings and application of Operations in the Force
Scan Map Oscilloscope.

EEIER
10 10 (& ])&#])(H][1]
g 1g | — | ¥ Horizontal Axis
[F= X Max =l 300+ | x10%
6 46 Baseline K Min Bl ’400“3)"103":
X Channel |Height (meas. smth.) '|
< < .
% 4 14 3 Il * Vertical Axis
E 2 2 Q—, Height (measured) Chifchz|ch3|cha
m o
u &, Channel [vertical Deflection -
C m [
,g @ | -CC2CIIICCIICIIITICCIIIIOIIIIEIIC 10 % @ Measure Slope 1 Display \AH v|
= 2 r (~1 10|[=
@ o @ Adhesion 1 ¥ Max D|710|D v
= 2 12 % ¥ Min =l 10|+ ]v
E a a E Color (Extend) | Light Blue v|
- =

= - Color (Retract) | mmm Dark Elue v|

5 16 @® Show Current

) Show Index
-8 s
-400 -200 o] 200 400
Height (measured & smoothed) (x103) \Add New Operation v| ah/ ‘=

The Force Scan Map Oscilloscope displays spectroscopy curves from either the current measurement (Show Cur-
rent) or a given index (Show Index). If Show Index is selected, type the desired index into the input field or move the
mouse over the map and click on any pixel to show the corresponding curve.

Record List: Open the Image Record List, select the desired force map and click Focus in the Data Viewer

Q To show the force curves of a completed force map, the corresponding map must be selected in the Image
window. Now the curves of this map can be shown.

Always check whether all required channels are activated in the Channel Setup (Section 3.2.7) when the

Q invalid operation warning icon appears for any operation. If the required channels are not activated, i.e. no
data are collected, the corresponding operation is invalid and cannot analyze, show or save any data! (see
Section 6.1.2)
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6.7.4 Datatypes and file saving

:: Click the corresponding icon at the shortcut icon toolbar to open the Image Record List. All Force Mapping
B data can be found in this list.

e [— | ] | » | Use the Image Record List for saving or removing of acquired force map
Current Image Data data.

Show

Please read Section 5.1.5 for a detailed description of the Image Record
List.

Recent Image Data

Mumber of listed entries E] E]

Show

¥ Map 4
¢ Map 3
M Scan 0 (Tip scanr

F NN NN

Old Image Data

Show

()2

Open the Saving Settings via the Setup drop-down menu to define the settings for all file formats. Choose the Force
Scan Maps tab and adjust the naming, storage location and channels to be saved as described in Section 3.2.8

2 Colx]

& Use one folder for all data types |E » home » jpkuser » jpkdata » |

| DirectOverlay Optical Calibration | QI™ Advanced Imaging | QI™ Imaging | ‘oltage Spectroscopy |
| Image Scans | Force Scans | Force Scan Maps | Real Time Scans Woltammetry | Temperature data |
Filename root: |map | Save with Scan _
Channel Extend Retract Pause Modulation
Folder: |E v jpkuser » jpkdata » | Height
Vertical Deflection v (v
W Auto-save also applies to incomplete maps, images and text files|| Lateral Deflection ) - O 0
Approximate data size: 1.65 Mb|| Auxiliary Channel 1
Name | Auxiliary Channel 3
Auxiliary Channel 4
Comment | Error Signal 0 0 0 0
‘| Blank Data
| DAC 3
Precision 3
Precision S
Precision 7
Height {(measured) 0 O v ¥y

W save Analyzed Images

Channel Setup | 8%

Several formats for saving force mapping data are availbale; the full set of force spectroscopy curves along with their
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index/position are saved as one file (*.jpk-force-map) by default. Enable Save Analyzed Images at the bottom of the
Saving Settings window to save the analyzed images which are also shown in the Data Viewer Window.
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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. The Z linearization (see Section 7.1.2) provides a height channel
(Height measured), 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 standard sample with features of a known height. These can often be purchased from cantilever manufac-
turers; a range of different step heights are available. Due to aging of the piezo material the z-calibration should be
repeated around every 6 months.

First image the calibration sample and measure the step height in the Height image using the cross section feature
(see Section 5.1.2). This value can then be used to calculate the Multiplier for the calibration:

Known step height

—— *x0ld Multiplier = new Multiplier
Measured step Height

5.1.2). Line leveling fits each scan line independently with a linear or polynomial fit, which is subtracted from

; Disable any line leveling in the Filter control bar at the bottom of the Data Viewer window (see Section
the corresponding scan line, i.e. the height values are modified and unsuitable for calibration.

Sefup Open Scanner Calibration via the Setup drop-down menu.

| Autosawve

Scan Repetitions »
BB Laser Alignment

Z-Range »
lz Z Piezo Display

Scanner Calibration

Approach Parameters

+ |_ - | O | X If existing, old calibrations can be selected from
Channel |Head Height - the drop-down box (here showing DEFAULT).
|@ The details of the selected file are shown in the
main panel.
Filename: fhomeftneumann/jpkspm/calibrations/H-12-001 4. cal
Multiplier: 0.7980 Also a file chooser can be opened using Open
Unit: m Calibration, which allows you to find a calibra-
Comment: Original JPK calibration for device "UNCALIBRATED". tion file saved on disk.
[ Edit Conversion | Generally, values are updated using Edit Con-

version, to create a new file from the old one.
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|,—|El|>< In Edit Conversion, the details can be

Filename DEFALLT changed. Enter the new value of Multiplier.
Multiplier 0.798 )
— Comments, such as the date and user, or height
Unit — .
! of the calibration grid can be entered.
Comment

Original JPK calibration After clicking Save Calibration, you will be

prompted for a new filename for the edited file.

| Save Calibration ]l Use ]

The value of Multiplier should always be around 0.6. If it is significantly different from 0.6, probably the calcu-
lation was wrong!

The new calibration file is only used for the user account, where it was created. Give the new Multiplier value
or calibration file to other users who want to use it.

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, it should be calibrated with the smallest available calibration standard.

7.1.2 Hardware z-linearization — Height (measured)

Generally the JPK NanoWizard® is equipped with a z-linearization. A sensor continuously measures the length of the z
piezo, which is referred to as Height (measured).

The movement of piezo material when a voltage is applied always suffers from some nonlinearity and hysteresis. Nor-
mally, the height of the piezo is taken directly from the voltage applied to extend it; this is the normal Height channel.
When z-linearization is enabled, the Z sensor measures the actual current height of the piezo and this value is shown in
the Height (measured) channel. The calibration of the Z 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 age-
ing of the piezo and should be repeated around every six months (see Section 7.1.1).

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
more precise over larger z-ranges, because it is linear, but over very small ranges the noise of the Z sensor can be
noticeable, 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:

o For flat samples with height features in the range of a few nm it is recommended to choose the Height channel
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 meas-
ured 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. Choose Height (measured) or (Height meas-
ured & smoothed) as the X axis in:

e  Spectroscopy mode
e Force Mapping mode

e  Sensitivity calibration
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7.2 Spring constant calibration

The deflection of the cantilever is measured by a laser detection system using a four quadrants photodiode. The natural
output of the photodetector is a Voltage, i.e. the vertical and lateral deflection is displayed in Volts. The Calibration
Manager allows for the conversion of the vertical deflection into units of length or forces by determining the sensitivity
and spring constant of the cantilever. The conversion into units of length is, for instance, relevant for dynamic modes,
if it is necessary to adjust the oscillation amplitude to a defined size. For some experiments it is relevant to apply a
defined force, e.g. to measure the adhesion or mechanical properties of a sample.

Most suppliers of cantilevers deliver data sheets with their cantilevers that state the approximate spring constant. Usu-
ally this has been calculated from the cantilever shape (length, width, thickness). As the spring constant is very sensi-
tive to the thickness of the cantilever, these quoted values are not very reliable. The range of values quoted by the
suppliers should give some idea of the variability, but generally the spring constant is not known within a factor of 2 or
3.

The SPM software provides two methods to calibrate cantilevers, i.e. to determine the sensitivity (conversion into units
of length) and the spring constant (conversion into units of force) of an arbitrary cantilever:

The Contact-based method comprises two steps: 1) the acquisition of a force distance curve on a hard substrate and
deriving the sensitivity of the repulsive part of this curve and 2) a thermal noise measurement to calculate the spring
constant.

The Contact-free method is based on the geometry of the cantilever and the physical properties of the environ-
ment/medium — it does not require a preceding acquisition of a force curve and is thus a more gentle way to determine
the spring constant and sensitivity of a cantilever. If the different properties are known they can be used, along with a
thermal noise measurement, to calculate the spring constant as well as the sensitivity of the cantilever.

The thermal noise measurement is very susceptible to acoustic noise: provide a quiet environment for the
thermal noise measurement.

The cantilever may be susceptible to illumination of different sources: switch of any direct light sources (i.e.
microscope illumination).

7.3 Cantilever calibration using the Contact-based method

7.3.1 Measuring the sensitivity using a force curve

The sensitivity can be measured by doing a force curve on a hard surface, and looking at the deflection of the cantilever
when it is in repulsive contact with the sample. In this region of the force curve, the movement of the piezo should cor-
respond to the deflection of the cantilever. 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. Since for this sensitivity measurement
relatively high contact forces are required, this method has the potential to damage sharpened and sensitive tips. An-
other, more gentle way to determine the sensitivity without the need of taking a force curve is described in Section 7.4.

The sensitivity determination must be repeated after each re-alignment of the laser spot and each time a
cantilever is mounted or if the position of the cantilever on the cantilever holder was changed. Different media
(e.g. water, air) have different refractive indices, so changing the medium also requires re-alignment, espe-
cially of the mirror (Section 4.2.3 et seq.)
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‘g Imaging

To measure the cantilever sensitivity using the Contact-based method, it is neces-

(- Force Spectroscopy

g Imaging
g Fast Imaging
@ Force Mapping

sary to acquire a force distance curve on a hard clean surface, such as glass or
mica.

Select Force Spectroscopy from the Feedback Mode drop-down menu.

Approach onto the surface and perform single or multiple force-distance curves as
described in Chapter § 6

+ [_[o]x] 3
@ [ Sensitivity l | Thermal Noise ] Q [ T Method ’ ’ '
0.6 0.6 Channel |verticaT Deflection - | T
Settinoy _ _ Open the Calibration Manager
0.4 0.4 . Temperature [3| 25‘0|[3°C . . .
3 S |ange-100+ () c.000][~]deq using the .shortcut icon in the
g o2 0.2 & | corection Factor[1.0 - toolbar or via the Force Spectros-
N o
< 3 » | Fitvalues copy drop-down menu. Select
2 0.0 - 10.0 = Quality Factor n/a i
& & || Frequency n/a Contact-based in the Method
g z Amplitude nja
> — -
02 1o sensituty | Not calibrated| mv drop-down menu. The latest force
Spring Constant | Not calibrated | M/m distance curve is loaded.
0.4 ; ; ; ‘ | .
20 60 100 . . . .
Helght (measured & smoothed) (nm) s - Adjust the display using the Oscillo-
scope toolbar (see Section 3.2.1)
or the mouse if necessary.
o : S =12l Only the linear repulsive part of the
\ [)E.eng\ti.it) ]IThermaI ND‘SE] @ lE @ Method |contact-based - force curve is used to fit the sensi-
0.6 ~ 0.6 Channel |Vertica\ Deflection -| ..
\ B tivity.
Settings
0.4 Ho.4 [+ o[« ] . .
< o | Temperature  [LI___zolla)c Click the Select Fit Range button
2 & | ange=10"+ []| 0.000|[ + |deg ) ) )
5 0.2 Joo & | comectionfacter[to - and drag the fit range directly into
o . .
< 2 | Fitvalues the linear repulsive part of the force
= -— . z lity Fact i .
g oo 00 5 | Py v curve. The fit appears as a green
“g = | Amplitude nia . . .
E s F— line. The slope of the fit is automati-
0.2 192 Sensitivity 54 51.98|nmn .
Spring Constant | Nt calbrated| N/m cally transferred to the Sensitivity
0.4 1 1 1 L 104 box.
20 60 100
Height (measured & smoothed) (nm) e oy |0

Sensitivity @

51.98 | nmpy When the checkbox is enabled, the sensitivity is applied to the Vertical

Deflection signal, which is then displayed in units of length (m). When
the checkbox is unticked, the Vertical Deflection value is displayed in
Volts, but the sensitivity value is still stored and saved with the files.

Q The Sensitivity checkbox must be ticked to proceed to the thermal noise measurement of the cantilever

spring constant.

7.3.2 Spring constant calibration using the thermal noise

Using the Contact-based method, the cantilever spring constant is measured using the thermal noise method along
with the sensitivity value derived from a preceding force distance measurement. The thermal noise method relies on
measuring the free fluctuations of the cantilever, and using the equipartition theorem to relate this to the spring con-
stant. Essentially, the thermal energy calculated from the absolute temperature should be equal to the energy meas-
ured from the oscillation of the cantilever spring. This method is based on the approach suggested by J.L. Hutter and J.
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Bechhoefer 1993, “Calibration of atomic-force microscope tips” Rev. Sci. Instrum. 64:1868-1873.

For the spring constant calculation using the method of Hutter and Bechhoefer the cantilever deflection must be given
in units of length. It is thus necessary to measure the Sensitivity as described in Section 7.2.

- If the sensitivity has been measured, click the Thermal Noise but-

|E] | Sensitivity ﬂ:Tl'u-:-rn'..aI I I-:-i-:'.-e-:D ton.

Settings There are several Settings which are part of the calculation of the
Temperature |z]| 25.0] |Z] or spring constant and may need adjustment.

Angle = 10° + |-;] |ﬂ| |-;] deg The thermal noise depends on temperature. Type the current ambi-
Correction Factor |1.0 ~| ent Temperature under Settings.

Also the tilt Angle of the cantilever is important. The SPM software takes account of the normal 10 degree tilt (see
Section 4.2.2) and calculates the vertical component of the spring constant as a Vertical k for the experiment. Type
any additional Angle if necessary.

The sensitivity measured by the force curve on a hard surface provides a large static deflection of the cantilever. The
cantilever bending shape during dynamic fluctuations (thermal noise) is different from the bending shape of the cantile-
ver being in contact with the sample (one fixed and one free end against two fixed ends). And since the detection sys-
tem is primarily sensitive to angular deflections, it has a slightly different sensitivity for the measurement of the thermal
noise. Correction factors have been calculated by Butt and Jaschke (1995, Nanotechnology 6: 1-7) to take account of
the difference between z-deflection and angular deflection for the different bending modes of the cantilever.

It is recommended to use the first eigenmode along with the corresponding correction factor calculated by
Butt and Jaschke (0.817, see table below). Please read the publication by Butt and Jaschke (1995, Nano-
technology 6:1-7).

By default, no Correction Factor is used, i.e. Correction Factor = 1. Adjust the Correction Factor if necessary.

Usually the first resonance is used for the spring constant calculation, as this has the largest amplitude, and therefore
the best signal to noise ratio for accurate measurements. For very soft cantilevers in liquid, the first resonance may be
unsuitable. In this case the second resonance can give more reliable results. The second and higher resonances have
different relations between z-deflection and angular deflection at the tip, so different correction factors are needed.

Example correction factors for rectan-

Peak Correction factor Comments )
gular cantilevers calculated by Butt and
1 0.817 Generally used Jaschke (1995, Nanotechnology 6:1-7).
Used when first resonance frequency is too
2 0.251
low
3 0.0863 Not generally used

factors for triangular cantilevers are discussed by Stark et al. (Stark et al., 2001 Ultramicroscopy 86: 207-

: The correction factors calculated by Butt and Jaschke are only valid for rectangular cantilevers. Correction
215).
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Note that these correction factors are only valid when the laser spot is positioned on the cantilever tip. The

Q correction factors and sensitivities change if the laser spot is moved towards the cantilever chip. Especially
for higher modes (2nd and higher peaks), the calculated spring constant is changing drastically by moving
the laser spot along the cantilever.

+ =12l click Run Thermal Noise to start
() (enern) (NN QBT wetnod the thermal noise measurement. If
4.0 4.0 the infinity checkbox is unticked,
Settings
35 135 Temperature =) 2s.0](<]c the software collects 25 spectra,
3 30 130 3 Angle-10°+ [-]| 0,000 [ » |deg which is usually sufficient. If the
- 125 g | Cermectionfacterll2 infinity checkbox is ticked, continu-
P i % Fit Values .
z 20 B | Gt s - ous spectra are collected until
5 1 11 5 lF /i . . .
SRt Y2 a amaide na Stop is clicked again. The more
i 10 410 < .
< Sensitivity [ 51.98 | nmpv spectra collected, the smoother is
0.5 g = Spring Constant | Not calibrated | N/fm the result
0.0 L L L L L L 0.0 '
0 100 200 300

—
‘ Run Thermal Noise [) ] =
Frequency (kHz) ~ 1

The cantilever must be retracted from the surface for this measurement! If the Run Thermal Noise button is
inactive, check that the piezo is retracted.

ooo
R

— o x| If a higher frequency range is needed, e.g. for very stiff

Inputs | Internal Olthts| ADC | cantilevers or to detect higher modes, High Speed ADC
Choose which ADCs are used for the channels Settings can be used. Open the Channel Setup win-
Channel ADC Selection dow via the Setup drop-down menu or right-click with
wertical Deflection the mouse into the thermal noise plot area. Select the
Lateral Deflection T panel ADC and enable High Speed ADC for Vertical

Standard ADC

Deflection to extend the thermal noise frequency range.
High Speed ADC

Automatic

Approximate Scan File Size: 5,243 MB
Approximate Scan Memory Size: 8,385 MB
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H 2 <} The resulting frequency spectrum
(5 (sonarary ) (o] [QJEIEILL) worod  [comtsctboses ] should show a peak at the cantile-
Channel |Vertical Deflection +
7 7 i ver resonance frequency.
Settings
el 18 Temperature [3| 25‘O|[Z]°C .
I |, 2 age-10+ [ 0.000][=]deg The thermal noise data are saved
= & Correction Factor|1.0 - automatically in ascii format as
oa 1a 2 - . .
= % | FitValues *.tnd file in the jpkdata directory.
— 3 13 &) Quality Factor nfa
& ; Frequency nfa
c . .
52 1z F | Ampltuce e If necessary, zoom into the peak
2 & S
1 11 R @ sLosjnmv using the display settings as de-
Spring Constant | Not callbrated | N/m . . .
3 ; : ‘ ; ; ; — scribed in Section 3.2.1.
74 76 78 80 82 84 86 Run Thermal Noise | =
Freguency (kHz)

+ (=[o]x]

e — : : The resonance must be fit with a
enswtivity] [Thermal Moise ] @ @ @ Method |Cuntact—based - Lorentz curve. Se|ect the reso-
ch | Vertical Deflecti.. - . .
7 7 o [vertice Defect nance using the Select Fit Range
Settings
Temperature (=) 25.0][)c button. Make sure that resonance
E Z | angle—10°+ [~|[  0.000[[]ceg and Lorentz fit match properly.
= g: Correction Factor[1.0 -
S % | Fit values The measured resonance frequen-
& © | quality Factor 171.166 .
z 2| Frequency 78,94 kHe cy and the calculated spring con-
g 3 Amplitude 141.2 MV Hz
E N

stant of the cantilever should be in
the range of the nominal value that

Sensitivity |+ 51,98 | nmn/
Spring Constant |@ 3.598|me

78 80 82 84 86 F— ’sﬂm is quoted by manufacturers.
Frequency (kHz)

74 76

If the checkboxes are active, the spring constant is applied by the software in all feedback modes, i.e. the vertical de-
flection is now displayed in units of force (nN) or length in oscillating modes.

Besides the spring constant, the fitting algorithm also calculates the resonance Frequency, the integrated Amplitude
of the resonance and the Quality Factor (Q-factor), which can be found under the Fit Values in the Calibration Man-
ager Window. The Q-factor is a measure for the width of the fitted resonance peak. Typical values for the Q-factor are a
few hundred in air, and around 1-3 in liquid. Generally speaking, the narrower the resonance peak, the higher the Q-
factor.

NanoWizard® Series User Manual Version 6.0 119



l“ I‘ Nanotechnology for Life Sci §7 Calibration

Instruments

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. The thermal noise detection method can also be used in fluid, but there may be additional complications,
particularly with very soft cantilevers.

700 4700 This spectrum is representative for a soft
i s cantilever (0.02 N/m) in air. There are three
peaks visible, corresponding to the reso-
—. 500 4500 .
T = nance (at around 4 kHz) and the first and
o )
I 1400 & second overtone.
= o
@ 3
g 300 {300 =
g g
© 200 4200 T
100 — 100
n . . . . . . Ladg
0 10 20 30 40 50 &0 70
Frequency (kHz)
Select Fit Range || Run || w H Reset |
250 4250 When the same cantilever is immersed in a fluid
each peak is damped, reducing both amplitude
220 e and frequency. The resonance of the cantilever is
g = now extremely low and more susceptible to noise,
~ 150 4150 & . e . .
t B which makes it difficult to fit it properly. In this
= = . .
5 oo {100 ?t case the second peak (first overtone) could give a
E g more reliable fit. In this case a correction factor
50 150 must be used (see Section 7.3.2).
0 1 ——— 1 L 1l 1 1 0
0 10 20 30 40 50 60 70
Frequency (kHz)
| Select Fit Range || Run || o || Reset |
Settings The desired Correction Factor can be typed into or selected in the
Temperature |z]| 25,o||Z] o corresponding input field. Then the determined spring constant is mul-
Angle = 10° + |Z]| O-OOOHZ] deg tiplied with the correction factor in order to calculate the corrected
Correction Factor|1.0 v| spring constant.
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7.4 Cantilever calibration using the Contact-free method

7.4.1 General information

The Contact-free method for cantilever calibration does not require preceding force distance curve acquisition to de-
termine the sensitivity. It is therefore particularly suited for calibration of cantilevers with very sharp and sensitive tips,
which could be damaged by force spectroscopy measurements on hard substrates.

For this method, the plan view dimensions of the cantilever (length and width) and the physical properties of the envi-
ronment/medium (density and viscosity) must be known. Along with the quality factor Q and the resonance frequency,
both derived from the thermal noise measurement, the spring constant k as well as the sensitivity of the cantilever can
be calculated. This method is only valid for rectangular cantilevers and is based on the calculations of J.E. Sader et al.
1999, Rev. Sci. Instrum. 70:3967. Please read this article for a closer description of the calibration method.

A This calibration method is only valid for rectangular cantilevers.

Basically, the main assumptions are:

- The length (L) of the cantilever must be much larger than the width (b) (e.g. L/b > 3), which must be much
larger than its thickness.

- Q must be much larger than 1 (so that the damping is independent of frequency over the width of the reso-
nance, also for linear harmonic oscillator)

- T'(w) is the complex hydrodynamic function, analytical expression to be found in J.E. Sader 1998, J. Appl.
Phys. 84(1):64-76

- The calculation of the hydrodynamic functions requires that the cantilever is far from the surface. If comparison
measurements were made "near" a surface, the additional damping from the confined fluid would artificially
underestimate the spring constant; The critical parameter is the cantilever width - measurements should be
made several widths away from the surface

The spring constant is finally calculated from the density of surrounding fluid ( 0 ), cantilever width (b ) and length (L),
fitted Q and @y (cantilever resonance frequency of the fundamental mode) and the gamma-function (Fi) at this val-

ue:

k =0,1906 0b”L QT (g ) 03
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7.4.2 Calibration procedure

Please note that the cantilever width and length as well as the density and viscosity of the environment must be known
for the calibration. Make sure that the cantilever is far away from the surface (e.g. 150 um) or enable the Automatic
motor retract checkbox (see below).

+ CEX] (@
— - - — e —
(5] (R L oot oD Y
Chanrel .
4.0 14.0
Settings . .
n th libration Man ran
Temperature D| 25, OH:] G Ope € Ca b atio a age a d
35 H35 Emvironment  [Testenaronment -] @ ) select Contact-free.
Density B2 - 21.000][ ~ | kg/m?
20 130 Viscosity ]l  21.00)[ |wPass The Settings and Cantilever must
Cantilever be selected/typed corresponding to
5 25 125 2 | Neme [user defined ] (2] the environment and cantilever
I § | width =]l - 20.00][ = |um
© = | Length =l  100.0][=|um used.
% 20 420 X
- o Angle =10° + D| 0. OOOH:]deg
& + || correction Factor[1.0
: 15 d15 8
& ' ' &= Fit Values
Quality Factor nfa
Frequency nfa
1.0 1.0 Amplitude nfa
Sensitivity | Not calibrated | nmpv
0.5 dos Spring Constant | Mot cahbrated‘ Nfm
@ Automatic motor retract
0.0 i i i i i i 0.0 O
0 100 200 300
Frequency (kHz)
Settings The Settings provide Air and Water for Environment with corre-
Temperature [Z]| 25'C'|[Z]°C sponding Density and Viscosity. The density and viscosity change

Environment
Density
Viscosity

|air N
e

k 3
Air g/m

Water

HPa-s

User defined

with temperature. Adjust the temperature if necessary; the density
and viscosity of the predefined environments air and water will be
adjusted automatically.

Choose User defined to type a Density and Viscosity manually if
another medium is used. Consider the temperature used for the ex-
periment and type the corresponding values valid for this temperature.

The density and viscosity of liquids change with temperature. The Calibration Manager only adjusts the den-

A

sity and viscosity for the predefined environments Air and Water. If another medium is used, determine the
density and viscosity for exactly the temperature which is used during the experiment and also type the cor-

responding temperature. Otherwise the determined spring constant and sensitivity may be wrong.

Environment
Density
Viscosity

b7

|;er defined _vK[ 2 )
| 0.000/ [ « |kg/m2
| 0.00/| « |uPars

¥< Save Environment

Environment Name
| save | cancel

The user defined Environment can be saved for the corresponding
temperature. Click the Save button which appears upon selecting
User defined; The Save Environment dialog will open.

Type the desired Environment Name and save it for later use. It will
appear in the Environment drop-down list.
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Cantilever The Cantilever panel provides several common cantilevers with the
Name MNCH-AU = geometry given by the manufacturers. Select the corresponding canti-
Width ———t———a T lever or choose User defined if your cantilever doesn’t appear in the
gp-BioAC CE1 .
SEDE qp-BioAC CB2 Hm list.
Angle = 10° + qp-BioAC CB3 deg
Correction Factor gialever mini
USC FO.3
ACC 55
Multi7 s
Cantilever Type the cantilever Width and the Length as well as any additional
MName |Uger defined .| @ Angle or Correction Factor if applied. The 10 degrees angle due to
Width B |m| B pm the cantilever holder (see Section 4.2.2) is applied automatically.
Length (-] 100.0][«]um Click the Save button to open the Save Cantilever dialog.
angle =10°+ [~ || 0.000/[ ~ |deg
Correction Factor|1.0 v|

B2 save Cantilever Type a Cantilever Name and the Resonance Frequency given by

| the manufacturer. This resonance frequency is only a starting point for
the fitting algorithm. The actual resonance frequency will be fitted
from the thermal noise spectrum.

Cantilever Name Test-Cantilever

Resonance Frequency[3|ﬂ| BKHZ

| save | cancel

_: The calibration manager will switch to High Speed ADC Settings automatically if a cantilever with high reso-
\f nance frequency (higher than 280 kHz) is selected.

It is recommended to use the first resonance along with the corresponding correction factor calculated by
[ | Butt and Jaschke (0.817, see Section 7.3.2). Please note that, according to J.R. Lozano et al. (2010,
. Nantechnology 21:465502), the Sader method “is poorly suited for the calibration of higher eigenmodes”.

Fit Values Automatic motor retract is enabled by default. The stepper motors
Quality Factor nfa retract for 150 microns before thermal noise acquisition starts and re-
Frequency nfa . L
Amplitude e approach for 140 microns after acquisition.
Sensitivity | Not calibrated | nma/
Spring Constant | Not calibrated | N/m
W Automatic motor retract
0w

If measuring close to the surface, the additional damping from any confined fluid or electrostatic tip-sample
interactions in air would influence the thermal noise and result in a wrong spring constant. Always make sure
that the cantilever is retracted several widths away from the surface using the stepper motors or enable the
Automatic motor retract.
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+ [=[2[=] click Calibrate to start the thermal
(&) (@) LT wethod Contactfree | noise measurement. If the infinity
ch | . .
8 e anne checkbox is unticked, the software
Settings . .
Temperatre <[ z8:0][<]c collects 25 spectra, which is usually
Z 17 Envirenment  [Air - sufficient. If the infinity checkbox is
Density [ 1ass[- Jigime ticked, continuous spectra are col-
6 46 Viscosity X 18,37|| = |WPars . . . .
[ lected until Calibrate is clicked
Cantilever .
T . 1. 2 | ame s - again. The more spectra collected,
g g | width - 28,00 [ = |um the more reliable is the result.
- w - T
= . . = Length B| 225.0|[3pm
2 o | angle=10"+ [-]| 0.000([ « | deg The thermal noise data are saved
= - | correction Factor 1.0 - . . .
I ], & orl | automatically in ascii format as *.tnd
Ed o Fit Values — . .
Quality Factor 55,5 file in the jpkdata directory.
Freguency 78.94 kHz
2 +2 Amplitude 132.7nViWHz
Sensitivity | £0.40 | nmpv
1 11 Spring Constant |ﬂ 2‘589| N/m
& Automatic motor retract
Y e enssnanrusantil SR Bitdtnrmsnsen e 9 D )
74 76 78 80 82 g4 N
Frequency (kHz)

=

Fit Values

Quality Factor 199,780
Frequency 78.94 kHz
Amplitude 1327 nWivVHz
Sensitivity (¥ 80.40 | nmfv
Spring Constant [ 2,589 | N/m

If the fit fails or another peak of the thermal noise spectrum is supposed to be fitted, click the Select fit range
button in the top left of the Calibration Manager and fit the resonance manually.

Besides the Spring Constant and the Sensitivity, the fitting algorithm
also calculates the resonance Frequency, the integrated Amplitude
of the resonance and the Quality Factor, which can be found under
the Fit Values in the Calibration Manager Window. The Quality Factor
describes the quality of the fit and is correlated to its width. Typical
values for the Q-factor are a few hundred in air, and around 1-3 in
liquid. Generally speaking, the narrower the resonance peak, the
higher the Q-factor.

If the checkboxes for Sensitivity and Spring Constant are active, they are both applied by the software in all feedback

modes, i.e. the vertical deflection is now displayed in units of force (nN) or length in oscillating modes.
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8.1 QI™ Advanced Imaging

8 8 Awvailable software extensions

The standard software version can be extended by a variety of extensions in order to enable specific measurements.
The About JPK NanoWizard Control window lists all extensions included in your personal SPM software. Open the
About window from the Help drop-down menu at the top of the software. The most common available extensions are
explained in this chapter. Some of them are add-ons or accessories to the Measurement modes, but there are also
additional Feedback Modes available.

& Features and options marked with this sign are additional extensions and must be purchased separately. Please
contact JPK for more information and assistance (++49 30 726243 500) support@jpk.com.

8.1 QI™ Advanced Imaging

© QI™ Advanced Imaging works similar to the basic QI™ Imaging mode but provides a whole force curve for each
pixel as well as variety of image channels which can be calculated online. All curves and image channels can be loaded
into the JPK Data Processing software and additional channels may be calculated.

‘Ql,.. Mods . Select QI™ Mode in the Feedback Mode drop-down menu.

| AC Mode
QI™ Mode
| Contact Mode

Select Advanced Imaging in the Measurement drop-down menu.

‘E Imaging -

. o Advanced Imaging

|
| E Imaging |

Like in QI™ Imaging mode, the corresponding data viewers (Data Viewer and QI™ Advanced Oscilloscope) as well
as the QI™ Control panel and the QI™ Setup window open automatically. A Quantitative Imaging drop-down menu
appears in the main bar on top of the software. Please read Section 5.7 for detailed information on the basic operation
of QI™ mode. The main differences between QI™ Imaging and QI™ Advanced Imaging are the QI™ Advanced
Oscilloscope and the available channels in the Data Viewer window and will be explained in the following sections.
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8.1.1 The QI™ Advanced Oscilloscope

= EER
15 15 (*J(E][(=HI[LT]
| B |v Horizontal Axis
ispla — [
A= X Max [3| 30|Bnm
10 110 Baseline X Min B| 0”3”"‘
Z Channel |Height (measured) -
helobt ¥ Vertical Axis
% 5 15 § Height (measured) cn 1 aniona C_h 4 =
= 2 Channel |wertical Deflection -|
% § M | Measure Slope 1 Display |l -
g ? (&) Max CIC_s|fsv
5 0 H0 =3 D | Adhesion 1 i R
5 £ in (]l 15[« v
a = Color (Extend) | Light Blue -|
S 2 Color (Retract) | = Dark Blue -
£ 2
g 5 15 2 ® Show Current
O Show Index
10 -4 -10
-15 L 1 1 1 1 -15
0 5 10 15 20 25
Height (measured) (nm) [add new Operation - 3.’ (=

The QI™ Advanced Oscilloscope displays spectroscopy curves from either the currently measured pixel (Show
Current) or a given index (Show Index). If Show Index is selected, type the desired index into the input field or move
the mouse over the image in the Data Viewer and click on any pixel to show the corresponding curve.

Record List (Section 5.1.5): Open the Image Record List, select the desired image and click Focus in

/“) To show the force curves of a completed image, the corresponding image must be selected in the Image
K the Data Viewer window. Now the curves of this image can be shown.

The Display panel allows the adjustment of the force curve display. Select the individual Operations to open the cor-
responding parameter panels. Please read Section 6.1.2 for a detailed description of the functionality of the Display
panel and the available Operations.

The Baseline operation appears by default before any other operation can be applied, since it is obligatory for most
operations. The Height and Height (measured) operations, as well as Measure Slope and Adhesion are preset opera-
tions and the corresponding channels are shown in the Data Viewer window. All operations can be adjusted or new
operations can be added corresponding to the description provided in Section 6.1.2.

The results of all operations selected in the QI™ Advanced Oscilloscope appear as Channels in the Data Viewer
window and can be displayed as images.

Always check whether all channels required for the desired operation are activated in the Channel Setup

Q (Section 3.2.7) when the invalid operation warning icon appears for any operation. If the required channels
are not activated, i.e. no data are collected, the corresponding operation is invalid and cannot analyze, show
or save any data (see Section 6.1.2)!

8.1.2 The QI™ Advanced Imaging Data Viewer

The Data Viewer has the same function as in all other imaging modes. Please read Section 5.1.2 for a detailed de-
scription.
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[_[o]x

Slow Axis (pm)

| channel | | settings | | view | | Focus |

Channel Scan Direction

|Height |

Height

Height {measured)
Measure Slope 1
Adhesion 1

Fitted Baseline

Like in QI™ Imaging mode (see Section 5.7.1)
the Height and Height (measured) channels
correspond to the Reference Force Height
(see Section 6.1.2) at 80% of the setpoint
force, determined from the smoothened extend
curve (40 pixels, moving average).

The results of all operations selected in the
QI™ Advanced Oscilloscope appear as
Channels in the Data Viewer window and can
be displayed as images.

r\ Interpolation . The menu, which appears upon right-click within the Data

| | Relative Color Scale

|« Show Background Pattern
f

Viewer, contains basically the same options as for all imaging
modes (see Section 5.1.2).

Show Manipulation Pattern QI™ Advanced Imaging additionally provides the option

Clear Selection
Focus

Q, Confirm Mew Scan Region

= Select New Scan Region

Quantitative Image Map Single Index Selection. This option
allows a display of an arbitrary force curve of a pixel which
can be selected by mouse click directly into the active image
(see Section 8.1.1). This is normally valid for the current scan
region. Another, previous image can be activated by clicking

Rotate Wiew on the scan in the Image Record List.

Scale View
Shift View
Measure Distance

Select Cross Section

Mowve Sample Point to Reference Position

Quantitative Image Map Single Index Selection
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8.1.3 QI™ Advanced data types and file saving

:: ‘ All QI™ data can be found in the Image Record List. Open the Image Record List using the corre-
a— sponding icon at the shortcut icon toolbar on top of the SPM software. Managing, saving and removal

of images using the Image Record List is described in Section 5.1.5.

Open the Saving Settings menu via the Setup drop-down menu or the shortcut icon in the toolbar.
L Data saving is described in Section 3.2.8. Choose the register card QI™ Advanced Imaging to set
the channels for file saving.

2 EER

& Use one folder for all data types |E » home » tneumann ¥ jpkdata » 2015-10-28_LivingCHO » Fluor » 3 » |

| Image Scans | Force Scans | Force Scan Maps | Real Time Scans | Voltammetry | Temperature data |
| DirectOwverlay Optical Calibration | QI™ Advanced Imaging | QI™ Imaging | Vaoltage Spectroscopy | |
Filename root: |qi | Save with Scan ,
Channel Extend Retract Pause Modulation
Folder: |Q » Fluor » 3 » | Height v v v
vertical Deflection v v v v
W Auto-save also applies to incomplete maps and images Lateral Deflection O O O O
Mpproximate data size: 599 Mb) | X Position (T?P)
mpproximate image file size: 670 kb ErFr’cc:rsgliZ:eEITIp) 0 0 0 0
ame Precision 5
Comment Precision 6

Cap. Sensor X
Cap. SensorY
ServoDack n 0 n .
ServoDacy
Photon Counter 1
Photon Counter 2
High Speed 2
High Speed 3
High Speed 4
Precision 3
Precision 7
Precision 8

Channel Setup | §%

QI™ Advanced Imaging mode provides two data types. The raw files, containing all force curves, are saved as *.jpk-qi-
data files. The force curve channels Height, Vertical Deflection and Height (measured) are essential for data collec-
tion and are saved by default. Other channels can be enabled if required. The mere image files, containing the results
of online data analysis (the results of all operations applied in the QI™ Advance Oscilloscope, such as Height/Height
(measured), Adhesion and Slope), are saved as jpk-gi-image files.

|@ Save Analyzed Images Enable the Save Analyzed Images tickbox at the bottom of the QI™ Advanced Images
register card (scroll down with the scroll bar) to save/discard the analyzed images.

8.2 Fast Imaging mode

© Fast Imaging mode is available for Contact Mode and AC Mode. The lateral scanning movement of the tip is im-
proved for higher scan speeds. This Imaging mode is also a component of the Fast Scanning option for the new gen-
eration of the NanoWizard® Series devices (see also Section 2.1.1).
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Contact Mode - Select AC Mode or Contact Mode in the Feedback Mode drop-down menu.

AC Mode
Contact Mode

Force Modulation Mode

‘g Imaging A‘ Select Fast Imaging in the Measurement drop-down menu.

| g Force Spectroscopy
E Imaging

e Fast imaging >
% Force Mapping

When Fast Imaging mode is selected, the same windows and panels will open as for the corresponding feedback mode
in standard imaging mode. The imaging settings and parameters apply in the same way. Due to the improved lateral
movement, higher scan velocities are possible.

8.3 High Resolution Imaging

© High Resolution Imaging mode is available for Contact Mode and AC Mode. The lateral scan range is limited and
the scan motion is improved for higher resolution.

Contact Mode ‘| Select AC Mode or Contact Mode in the Feedback Mode drop-down menu.

AC Mode
Contact Mode

Force Modulation Mode

‘E High Resolution Imaging < Select High Resolution Imaging in the Measurement drop-down menu.

| E Imaging
D Force Spectroscopy
g Fast Imaging
% Force Mapping
R High Reeouton Imagi>

The new (limited) scan range must be adjusted. Therefore a message appears right upon selecting High Resolution
Imaging and requests for adjusting. Please read Section 5.3 for more details on adjustment.

When High Resolution Imaging is selected, the same windows and panels are available as for the corresponding feed-
back mode in standard imaging mode. The imaging settings and parameters apply in the same way.

8.4 DirectOverlay™ - importing calibrated optical images
The direct comparison of images acquired with AFM and light microscopy shows that features in the two types of imag-

es 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 in x (Fast
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Axis) and y (Slow Axis). The difference between the two images is due to aberrations arising from the lenses and mir-
rors of the light microscope. & The DirectOverlay™ software uses the automatically recognized cantilever position to
map the optical image and calibrate it before importing into the SPM software. Using this kind of calibration, AFM scan
regions can be selected directly within the acquired optical image. The generated calibration files and optical images
can further be used for offline overlay using the JPK Data Processing software.

The SPM software uses JUnicam to integrate and operate the supplied Imaging Source CCD camera. Please read the
JPK Software Integration for Cameras user manual for a detailed description of the JUnicam camera software.

Several types of Andor, Jenoptik and Imaging Source cameras are supported, i.e. may be operated directly
via the SPM software. Please contact JPK for information: support@jpk.com, +49 30 726243 500

8.4.1 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 co-localization of the optical and AFM sample features is independent information. The only
exception is for the final shift of the optical image to correct for the unknown cantilever tip position. All the magnification,
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 imag-
ing conditions the optical contrast is enhanced to give the best sample image, so the automatic routine could be con-
fused by sample features and not properly recognize the cantilever. Therefore it is best to optimize the illumination in
order to enhance the contrast for the cantilever before starting the calibration. This can be easily done by changing the
condenser illumination settings to bright field illumination (as shown below). The illumination can be changed back at
the end of the optical calibration procedure to acquire an image with good sample contrast for importing.

Phase contrast illumination Bright field illumination — same region with enhanced con-
trast 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.

8.4.2 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 um 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 um x 150 um. When using higher magnification objectives
(63x or 100x) it will be necessary to reduce the size of the area to be calibrated below 100 pm, since part of the AFM
region may be outside the optical field of view.
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Before optical calibration, make sure that the AFM scan region is aligned with the desired sample area visible within the

optical field of view:

If a SPM supported 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.

scanning.

ES

Approach to the surface as normal and use the optical microscope to find the region of interest for

Retract the tip from the sample. The safety distance between the tip and the surface depends on the
Target Height (see Section 4.5.2). Make sure there is enough safety distance for the sample or tip

movement. If necessary, move the stepper motors for some additional distance (10-20 microns) to
prevent cantilever/sample crash.

£3]

¥ System Status

Sum 4,99V

Vertical Def  -0.5V

Lateral Def  -0.50W

Status Z Piezo Retracted

Accessories

B3 CCD Camera

DirectOverlay Optical CalibratiorD|

| [E Impert Optical Image

: H= Pump Control

| fii FluidicsModule

Temperature Controllers 3
Voltage Output Settings
ExperimentPlanner

Conductive AFM

8.4.3 Automatic Calibration

Use the Outline tool (see Section 5.1.1) can be helpful to show the scan area and move either the
sample or the cantilever until the scan area is within the desired region of the optical image.

Make sure that the cantilever is not in contact with surface. Check the system
status window at the bottom left corner. It indicates 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 retract the cantilever.

Open the DirectOverlay™ Optical Calibration via the Accessories drop-down
menu at the top of the SPM software. The calibration window will open and lead
through the calibration procedure.

If one of the JPK supported firewire cameras is used with the JUnicam software,
then the images are automatically transferred from the camera to the SPM soft-
ware, which is the most convenient 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, manually transferring the images
to the correct folder on the AFM computer. See Section 8.4.5 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 8.4.1) before starting.
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&

EE]
O Motorized Stage Calibration  ®) Tip scanner Calibration (O Single-Image Camera Calibration
Size of the Calibration Area
Width: -]l 100.0| - um
Height: =l 100.0| - pm
Calibration Grid Geometry
|3x3 <]
Data directory
E » home » jpkuser » jpkdata » optical-calibration-2015.11.19-10.46.52 ‘
Image acquisition
¥ Automatic Image Acquisition [J Trigger TTL Pulses
[Pin 6 (Pixel Clock) ~|
Flease check all settings, then click 'Next' to start [ * MNext J) [ Cancel ]
(2] (-[o]
|
v
Index Filename X [um] Y [um]
> {43 Py IO Z5z
4 optcal-04.jpg 146.9 -232.3
5 optcal-05.jpg |-253.1 -132.3
6 optcal-06.jpg [-1531 132.3
7 optcal-07.jpg |-53.1 -132.3
8 optcal-08.jpg 46.9 -132.3
9 optcal-09.jpg 146.9 -132.3
10 optcal-10.jpg |-253.1 -32.3
11 optcal-11.jpg -153.1 -32.3
Click 'Next' to proceed @ | Cancel ‘

Adjust the Size of the Calibration Area if necessary
(default full piezo range). Reduce it for high magnifi-
cation objectives. The calibration region is always
centered within the xy piezo range.

Calibration Grid Geometry determines the number
(3x3 or 5x5) of cantilever positions used for the cali-
bration.

The Data Directory for the calibration images and
data is automatically generated, with a date-time
stamp. This can also be edited.

Use Automatic Image Acquisition (default) for
cameras with the JUnicam software. Switch off for
external cameras with separate software - see Sec-
tion 8.4.5 for manual calibration.

Click Next to start image acquisition.

This panel needs no input when Automatic Image
Acquisition is being used. In this case, the tip moves
automatically to each of the e.g. 25 grid points, and
an image is transferred automatically from the cam-
era. The size of this grid corresponds to the size of
the Calibration Grid Geometry selected in the first
step of the DirectOverlay™ calibration.

Since each image is saved, it is displayed in the cali-
bration window and the Filename appears in the list.
These files are automatically saved in the Data Di-
rectory chosen in the first step.

The X [um] and Y [pum] values correspond to the
piezo position, where (0,0) is the center of the X,Y
range.

Wait until all the images have been collected and
click Next.
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NanoWizard® Series User Manual

Version 6.0



8.4 DirectOverlay™ - importing calibrated optical images

(=[=]
A
iy -
Index Reference X [um] Y [um] Pixel X Pixel Y Use
of 0O [2581 2323 [
1 =] -153.1 -232.3 v
2 ] 53.1 2323 [
3 8] 46.9 -232.3 [
4 E] 146.9 232.3 [
5| O -253.1 1323 [~
6 8] 153.1 -132.3 %
7 ] -53.1 1323 [
s O 46.9 132.3 [~
9 N iy N
10| [m] -253.1 -32.3 | | v
=1 = s = T 1 = i
O Use full image
® Use circular region, radius: | ~ || 50|« |px | Calbrate |
Click 'Calibrate' to calculate tip positions Cancel
B 1o
.
=
Index Reference X [pm] Y [pm] Pixel X Pixel ¥ Use
0 [m] -253.1 -232.3 534 442 [
1 -153.1 -232.3 537 387 [l
2 (=] -53.1 -232.3 541 331 [
3 [m] 46.9 -232.3 545 276 [l
4 (=] 145.9 -232.3 548 221 E
5 [m] -253.1 1323 478 438 [
6 (=] -153.1 132.3 482 383 [l
7 [m] 531 1323 486 327 [
g [m] 46.9 132.3 489 272 [l
9 5 N
10 [m] -253.1 -32.3 423 435 1Y)
P =) [ [E— P - &
used circular region of radius 50 | Back
Standard deviation: 0.40 pixels =~ 0.7 um (’ Next D | Cancel ]

The next step is to locate the pixel position of the
cantilever tip 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 loca-
tion. A white square will appear in the image, indicat-
ing the corresponding pixel, which also appears as
Pixel X/Y in the image list. Enlarge the image if nec-
essary using the mouse wheel to make this step more
precise.

Either the whole image can be used for the calibra-
tion, or a circular region with defined radius. Use a
circular region is set by default. The tip detection
algorithm is applied in this circular region only, which
makes it less susceptible to mismatches due to any
other features in the image. Select the radius suffi-
ciently large, i.e. the circular region should contain the
cantilever edge with the tip and some bright back-
ground (as shown in the left image). Use full image
to apply the tip detection algorithm to the whole im-
age, if there are no disturbing features at all.

Click on Calibrate at the bottom of the panel.

The software calculates the corresponding tip position
in the other 24 images. This progress can be moni-
tored 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 rea-
sonable.

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 loca-
tion 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 inaccurate. Images with an
incorrect tip location can be deselected with the Use
tick box. The deselection of some points will not dis-
rupt the calibration. Some images may have been
automatically deselected.

When satisfied with the calibration points, click Next.
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= =2 At this point the calibration is finished and the user
P : should select an image to be imported into the back-
ground of the SPM program.

The Median image is calculated from all 25 calibra-
tion 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.

O Median image

Alternatively one of the Calibration images or a pre-
existing image (taken before the calibration) using
Load Image file can be loaded.

@® calibration image

O Load i fill ..
oad image e Take snapshot allows acquiring another sample

image. Refocus the microscope, adjust the contrast
and click the camera icon to take an image of current
field of view. The file is saved in the calibration Data
Please select an image to load [_cancel | Directory with a filename Snapshot. The cantilever
does not obscure the field of view as it is still posi-
tioned over the final point of the calibration grid.

O Take snapshot

When the correct image has been selected click Next
to import the calibrated image into SPM.

8.4.4 Managing and adjusting imported images in SPM

HEIR = [_[o]x]

g@iﬁimagena«a At the end of automatic or manual calibration, the
e oo final image is automatically calibrated and imported
pemeerenesences 201 into the SPM software. It appears in the background

of all Data Viewer windows and in the Old Image
Data section of the Image Record List.

0ld Image Data In the Image Record List the image behaves like

F(+)[3)(2]
how AFM images, i.e. the image can be displayed or

| optical image 0 (imp
: hidden by clicking on the Show toggle.

Click the Remove button to remove the image from
the Data Viewer.

CINFM

channel | (settings | [ View] [Focus | [Line Viewer
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Recent Image Data e
INumber of listed entries |~ | 0[]

Select New Scan Region
e e ) e ) . Measure Distance
Channel | | Settings | | View | | Focus | | Line Viewer |

— | Select Cross Section  S—

Measurement Point Selection

Transform Optical image ’ Shift Optical Image.
Rotate Optical image
Set reference position . Flip horzantally
. Move Sample Point to Reference Position L Flip vertically
Reset Optical image
Round up Scan Region Selection

. show Manipulation Patter

[ Channel ] [Settings J [Vlew] [ Focus ] [Line \ﬁewer]

for import. Click on the Snapshot icon to acquire an

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; a low resolution is sufficient.
Select the optical image in the Image Record List.
The optical image is now highlighted in green in the
Image Record List and plotted on top of all the
images within the Data Viewer.

Click the right mouse button within the Data Viewer
and select Transform Optical Image. Shift Optical
Image enables an offset correction and will make
the optical image semitransparent.

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, go to the Image
Record List and click on the current scan.

After transformation/shifting, the optical

image is labeled unsaved. Click the unsaved button
to save the transformation offset. A new calibration
file with the extension “transformed” is created.

The Snapshot function can be used to acquire and import additional optical images using the current
optical calibration. First select an optical image in the Image Record List to define the optical calibration

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.
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[® optical-calibration-2015.09.10-16.51.06

File Edit View Go Bookmarks Help
Computer optical-calibration-2015.09.10-16.51.06 + & [ Q
i3 Home Name v
I3 Desktop R
Documents median pg
Downloads D e
- — | optcal-00.jpg
Pictures — optcal-01.ipg
Videos — | optcal-02.jpg
File System — |optcal-03.jpg
& Trash — | optcal-04.jpg
P — = | optcal-05.jpg
BSFTPon.. & = oPiar06ipg
[ Browse Net... optcal-07.jpg
optcal-08.jpg

D optical-calibration-2015.09.10-16.57.41.jpk-opt-cal
D optical-calibration-2015.09.10-16.57.41-transformed jpk-opt-cal

Il snapshot-0
Il snapshot-0

B snapshot-002.jpg
Ml snapshot-003.jpg
Il snapshot-004.jpg

— |snapshot-1

00.jpg
0l.jpg

42863539626535093.jpg

= [_[o]x

Current Image Data
Show

Recent Image Data
Number of listed entries [ ~ |[ 20« ]
'Show

Old Image Data

EJEIEES

The calibration folder that was set at
the beginning of the procedure con-
tains a number of files of different
types.

The 25 calibration images
(optcal*.jpg) are stored along with the
calculated median image.

Both the original optical calibration file
(*.jpk-opt-cal) and the transformed
calibration file with the user deter-
mined offset (*-transformed.jpk-opt-
cal) are located in this folder.

Any snapshots taken while this calibra-
tion is active are stored in this folder as
well.

If there are more than one optical
image in the Image Record List, then
they will both cover the whole dis-
played area. The only visible image
will be the one at the top of the list.

The up and down arrows in the Scan
List can be used to change the order
of the images

channel | [ settings | [ view | [ Focus | [ Line viewer ‘ ‘i‘ \g\
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8.4.5 Manual Calibration

If other optical devices, e.g. a different CCD camera or a confocal laser scanning microscope, are used to acquire opti-
cal images, the DirectOverlay™ calibration can be used as a kind of manual calibration procedure. Therefore the cali-
bration images are taken with the desired optical device (TIFF, BMP, JPG or PNG files) and transferred to the optical

calibration folder.

= =21 For the manual calibration using external image acquisition
O Motorized Stage Calibration @ Tip scanner Calibration (O Single-Image Camera Calibration . e
I ——— software Automatic Image Acquisition must be deselected.
Width: =l 100.0| - [pm
wegt: o] ool e | Click Next to acquire the calibration images manually.
calibration Grid Geometry
foxe * | The manually saved optical images must be transferred to the
Data directory R 3
D3+ hame » paser » piieta » optcalealbration 2015111910 46,52 | | Data Directory. The default name can be used, or a special
Image acquiciti name set.
) Automatic Image Acquisition) ) Trigger TTL Pulses
|Pin 6 (Pixel clock) ~|
Please check all settings, then click 'Next' to start [ * Mext ] { Cancel
The 25 calibration piezo coordinates are listed and the up and
down arrow keys can be used to scroll through the list. As each
entry in the list is selected, the cantilever automatically moves to
that position.
Acquire an image at each point and save the 25 images with
sequential file names (such as 01, 02 etc.). Make sure that the
files are kept in the correct order when uploaded, as the index
counts up to 25. Any names can be used; the only requirement is
——Index Hename | Xlum Al that they must have the correct alphabetical or alphanumeric
: T Tos sequence for the 25 AFM positions.
3 2531 -32.3
4 531 -32.3
5 146.9 -32.3
6 -253.1 167.7
7 531 187.7
8 146.9 187.7
Please specify filenames for all images cancel
Most fluorescence cameras or confocal software packages have the option for collecting a time series.
V. . A . . i . .
Y This can be a convenient way to save and manage all the images. Set the time series running 25 images
\f at 2-3 seconds time interval. As each image is acquired, move to the next position in the list to put the

cantilever in position for the next image.
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Index

Filename

X [um]

Y [um]

optcal-00.jpg

-232.8

-229.4

optcal-01.jpg

-32.8

-229.4

optcal-02.jpg

167.2

-229.4

optcal-03.jpg

-232.8

-29.4

optcal-04.jpg

-32.8

-29.4

[LIFSTAIINII=IP-Y

optcal-05.jpg
optcal-06.jpg
|optcal-07.jpg
optcal-08.jpg

167.2
2328
1-32.8
1167.2

-29.4

170.6
|170.6
[170.6

Click "Next' to proceed

o e

Cancel

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 recognizes any sequentially named images in a basic
graphics format (TIFF (8 bit), JPG, BMP or PNG).

Once there are suitable files in the Data Directory, the SPM soft-
ware will automatically show the Filenames in the list. Scroll
through the list to display each calibration image in the top panel.

From this point the procedure for selecting the tip reference posi-
tion and calculating the values from the other image files is the
same as described in Section 8.4.3 for the Automatic Calibra-
tion. The only difference with an external camera is that the
Snapshot function cannot be used. Acquire the desired snapshot
with the external device and transfer it to the LINUX computer to
import it as described in Section 8.4.4.

Note that if a time series is used in the fluorescence camera software, it is often possible to export all the
images automatically with a certain format and sequential names. The files can be transferred to the AFM
computer in any normal way, for example using an Ethernet connection or USB device. WIinSCP is a useful
free tool that can help make the transfer convenient.

8.4.6 Trigger TTL Pulses

Trigger TTL Pulses is an additional option for optical calibration with cameras/optical devices which are not supported
by JUnicam. The SPM controller provides a TTL output, which can be connected to the camera trigger input. Each time
the cantilever moves to the next calibration position, a trigger is sent to the camera. This option can be used with auto-

matic and manual image acquisition, respectively.

Gl CIo]

O Motorized Stage Calibration @ Tip scanner Calibration O Single-mage Camera Calibration

Size of the Calibration Area
Width: =l
Height: =l

Calibration Grid Geometry

100.0|| - pm

100.0| - pm

[3x3 el

(Data directory)

|&& » home » jpkuser + jpkdata * optical-calibration-2016.01.20-09.15.16 \

Image acquisition

) Automatic Image Acquisitio@ ™! Trigger TTL Pulses
—
FIm o TR -

Please check all settings, then click ‘Next' to start

[ et | |

Cancel

Trigger TTL Pulses has to be selected. Typically, the manual
calibration procedure is used, and therefore Automatic Image
Acquisition is disabled.

The manually saved optical images must be transferred to the
Data Directory.

Here, the calibration procedure with an Imaging Source camera is described exemplary. Please read the JPK Software

Integration for Cameras user manual (88) for detailed information.
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8.4 DirectOverlay™ - importing calibrated optical images

Camera settings x] Adjust the camera on Trigger mode, and Image series mode.

Scalebar | Presets |
Camera settings \Expnsure " Device \ Color \\.ﬂdeo \ Image Display \

Select the corresponding Data Directory for saving of the

Strobe mode |f\xed duration

Strobe duration & 100 |us acquired images. The images should be saved with sequential

us file names (alphanumeric or alphabetical sequence) for the 25

Strobe delay

Strobe polarity |actlve low

(- Tnéger mode__$3 [mode 0 >

Trigger polarity |fang edge

cantilever positions.

3
=
<<EI<

4

Timeout & ' [1.00

Enable frame drop | Enabled |

Frame drop count |0.00

= ==} scroll through the cantilever positioning list starting at Index 0
using the down arrow key or by mouse click. A TTL-trigger will
be induced for each cantilever position and the corresponding
image acquired.

Index Filename X [l ¥ [pm]
0 -253.1 -232.3
1 -53.1 -232.3
2 1469 -232.3
3 -253.1 -32.3
4 53,1 323
5 146.9 -32.3
6 -253.1 167.7
7 -53.1 167.7
8 146.9 167.7

Please specify filenames for all images Cancel

= =21 once the images have been collected, they have to be trans-
ferred to the Data Directory chosen at the start of the calibra-
tion. The SPM software will recognize any sequentially named
images in a basic graphics format (TIFF (8 bit), JPG, BMP or

i 1 PNG).
rl
- | 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 8.4.3 for the Automatic calibra-
e . tion.
— Index Filename X [um] Y [um]
[ optcal-00.jpg -232.8 -229.4
1 optcal-01.jpg -32.8 -229.4
2 optcal-02.jpg 167.2 -229.4
3 optcal-03.jpg -232.8 -29.4
4 optcal-04.jpg -32.8 -29.4
S optcal-05.jpg 167.2 -29.4
6 optcal-06.jpg. -232.8 170.6
7 |optcal-07.jpg |-32.8 |170.6
8 [optcal-08.jpg [167.2 [170.6
Click ‘Next' to proceed \ » Next | Cancel
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8.4.7 Import Optical Images

Already existing optical images and calibration files can be imported together in the SPM software.

|J"‘ECEE§0”95 | Choose Import Optical Image in the Accessories drop-down menu.

M CCD Camera
[ DirectOverlay Optical Calibration |
i H= Pump Control
| i FluidicsModule
Temperature Controllers 3
Voltage Qutput Settings
ExperimentPlanner

Conductive AFM

= _—| x|l Select the desired Calibration and Image File in
the file browser to open.

Calibration File: ||.’homefjpkuserfjpkdatafopticaICaIibration_examplesfop| . =

Image File: |-al-calibration-2015.08.10-16.51.06/snapshot-001.jpg | =

' Open | cancel

Optical images can also 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 Data 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.

8.5 Absolute Force Spectroscopy Mode

In & Absolute Force Spectroscopy mode, the z piezo is moved for absolute, defined distances, independent of the
vertical deflection of the cantilever. l.e. there is no setpoint that defines the turnaround point of the force-spectroscopy
movement, but the z piezo moves for an absolute distance towards and back from the sample.

The general functionalities, such as tip positioning or selection of force spectroscopy points, are the same as in Basic
force spectroscopy mode. Please read Section § 6 for a detailed description of the basic functionalities.

Contact Mode ~ Select Contact Mode in the Feedback Mode drop-down menu.

AC Mode

Contact Mode

I‘D

Select Force Spectroscopy in the Measurement drop-down menu.

‘g Imaging -

(—‘. Force Spectroscopy
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8.6 Advanced Spectroscopy Mode and Force Ramp Designer™

¥ Spectroscopy Control
[ ] (]

Absolute Basic Advanced

Z Length D| 99|me
Z Scan End [:]| 5.1|[:]pm
TipSaver &

Setpoint (][ so|[<v

Z Movement |C0nstant Speed v|

Extend Speed [Z]| 19.8|[Z]|Jmfs

Extend Time 0.5 s

Ext. Delay lZ]l—DDHZ]S
Retr. Delay 13'700”38
Delay Mode  |Constant Force v|

Sample Rate B|
Z Closed Loop [

2048[ = |Hz

Select the Absolute tab from the Spectroscopy Control panel.

Set the absolute Z Length of the piezo movement range. Z Scan End de-
fines the position of the turnaround point relative to the total piezo range.

Force Fishing is a special mode for the €& JPK Force Wheel and is only
active if this accessory is plugged-in. Please see the JPK Force Wheel user
manual for a detailed description of this mode.

It is possible to set a maximum cantilever deflection value at which the piezo
movement stops. Enable the TipSaver and define the Setpoint in terms of
the maximum cantilever deflection. If the TipSaver Setpoint is reached dur-
ing the force measurement, the piezo movement stops and starts the retrace
segment, i.e. the resulting Z Length is smaller than set value.

The settings to control the speed, timing and resolution of the force curves
are described in Section 6.2.

8.6 Advanced Spectroscopy Mode and Force Ramp Designer™

The © Force Ramp Designer™ provides several segments that can be combined to force ramps, i.e. individual force
distance experiments can be designed. A detailed description of Force Spectroscopy mode and the basic functionality

can be found in Section § 6

Contact Mode -

. AC Mode
[o]]

Contact Mode

‘E Imaging A‘

(—‘. Force Spectroscopy

¥ Spectroscopy Control
| ¥ (22 ] | |
EAEHIENEN
|Abso|utem

Rel. Setpoint |~ || 0.4« ]v

Baseline n.a.

Select the desired feedback mode, usually Contact Mode, in the Feed-
back Mode drop-down menu.

Select Force Spectroscopy in the Measurement drop-down menu.

If Advanced mode is selected in the Spectroscopy Control panel, the
Force Ramp Designer™ opens automatically.
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File
Ramp Settings
Baseline n.a. w Segment 0 ¥ Segment 1 ¥ Segment 2
Adjust Baseline
Z Closed Loop O Extend Pause (1) Retract (1)
2 TR e Duration 0.5 Duration (=] o|[«]ms | Duration 05
Description
B Z Length E]| 1.0 E]um Sample Rate E]| 0 E]Hz Z Length \ 1.0 E]pm
Z Speed E]| 2.0 pmfs Sample Num, 0 Z Speed E]\ 2.0 E]pmfs
Sample Rate E“ 2048 E]Hz Delay Mode Sample Rate E]\ 2048 E]Hz
Sample Num.1024 Gain [~]| 10.0][~|Hz | Sample Num.1024
setpoint  [~|| o4l ]v PGain [~][ 0.0010
Setpoint [_) Target Force
Pause Setpoint

The Force Ramp Designer™ allows for the assembly of individual force spectroscopy experiments by sequencing dif-

ferent force segments.

w Segment 1

F

Two extend and retract segments, in absolute (Z) and relative (F) mode.

Two pause segments in constant force (F) and constant height (Z) mode.

Sine modulation segment for microrheology measurements (see Section

8.6.3)

TTL Level/ Pulse segment to control TTL signals within a force distance

curve (see Section 9.8.3)

Removes the selected segment from the force ramp.

In F Extend and F Retract segments, the piezo moves for the distance Z
Length but stops if the Setpoint is reached. If the Setpoint is not reached
during Z Length, the piezo continues to extend/retract until it is reached.
So Z Length is an expected value that helps to set parameters like Z

Speed or Sample Rate.

Extend (2)

Duration 0.5s

Z Length E]| 1.0 E]pm
Z Speed E]| 2.0 E]pmfs

sample Rate [ - || 2048|[ = |Hz

Sample Num.1024

Setpoint

e
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8.6 Advanced Spectroscopy Mode and Force Ramp Designer™

w Segment 0

z
Extend (1)
Duration 0.5s

Z Length |z] | 1.0] |Z] im
Z Speed |Z] | 2.0 |Z] /s
Sample Rate |z] | 2048] |Z] Hz
Sample Mum. 1024

optional values:
TipSaver 0

TipSaver Setpoint[zﬂ ||z]‘\.-"

w Segment 4

—F
Pause (1) -
Duration |;] |ﬂ| [;]ms
sample Rate |Z]| 2048“3 o=
Sample Num. 1024

Delay Mode  |Constant Force ~|

IGain (~][ so0.0][+]|re
PGain |~ || 0.0010][ « |

Setpoint [C] Target Force
Pause Setpoint

w Segment 5

—
Pause (2) -
Duration |~ || 500||«|ms
sample Rate [ = || 2048|[ « |Hz
Sample Num.1024

Delay Mode |Constant Height =|

The Z segments extend/retract the piezo for the distance Z length, inde-
pendent of the vertical deflection. A TipSaver may be used in order to
stop the motion if the TipSaver Setpoint is reached.

By default, the F Pause (constant force) maintains the Setpoint force of
the previous segment for a defined Duration by adjusting the piezo
height.

The IGain and PGain determine the reaction speed of this height adjust-
ment (feedback loop) in order to keep the force constant. The higher the
gains, the faster the feedback and correction. If the feedback is too fast,
the cantilever may start to oscillate (depends on the cantilever proper-
ties).

Instead of the Setpoint of the previous segment, the Setpoint can also be
set to a different value. Enable the Target Force tickbox and define the
Pause Setpoint used for the pause segment.

The Z Pause (constant height) maintains the piezo end position of the
previous segment for a defined Duration.

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

Mew
Default Settings +»  clamp
= Open Force Settings | absolute-retract
2 Save Force Settings relative
T | absolute

The File drop-down menu provides several pre-set force ramps for
standard applications like force clamp (Default Settings), as well as
opening/saving of self-designed force ramps (Open/Save Force
Settings). Click New to remove all segments and design a new
force ramp.
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Ramp Settings The experiment Description is saved along with the force ramp
Baseline n.a. .
settings.

Adjust Baselinell

- |

Z Closed Loop [J

Z Start Option |Continue from prewi... v|
Description

Default force clamp settings. Initial
retract is absolute, to move past
non-specific adhesion. The Clamp
Retract segment then has a force limit,
which is the clamp setpoint.

Click Edit to open the Edit Force Settings Description window.

Edit Force Settings Description S Type any comments and confirm with OK.
Default force clamp settings. Initial retract is absolute,
to move past non-specific adhesion. The Clamp

Retract segment then has a force limit, which is the
clamp setpoint.

| oK | Cancel

8.6.1 Ramp Settings

gamr Settings The Ramps Settings provide automatic Baseline Adjustment (Sec-
aseline n.a.
Adjust Base|ine|l -] tion 6.2.1), Z Closed Loop (Section 6.2.3) as well as different Z Start
Z Closed Loop [J Options that define the piezo position at the beginning of the force
Z Start Option |Continue from previ... A| curve.
Description 4 Piezo retract If Piezo approach is selected, each force curve of the experiment
Piezo approach starts in idle mode, .|.e. the cantilever is approached to the surface with
Continue from previous the approach setpoint.
Distance from surface In Continue from previous mode the force curve is repeated right
Absolute Z position after the last force curve segment without any special starting position.
Z Start Option |Piezo retract v| Piezo retract starts each curve in piezo retracted mode. The cantilever
velocity [3| 15.0| - umss s moved with Velocity until the first segment begins.
Z start Option |Distance from surface ~|  Itis also possible to start each force curve from a defined Distance
Height [Z]| 15,C||[Z]|Jm from surface. Beginning from Height relative to the measured surface,
velocity E]l 15.0] B pm/s the piezo extends with Velocity to the first force curve segment.
Z Start Option |Absolute Z position | Similar to Distance from Surface, the Absolute Z position option
Height [3| 15.0] [3 pm starts from a defined, but absolute piezo position, i.e. there is no corre-
vVelocity [Z“ 15.0] lZ] s lation to the surface determined by the precedent approach or F extend
segment.
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8.6.2 Advanced Spectroscopy Control

¥ Spectroscopy Control

BN

Absolute | Basic| Advanced

RampDesigner Settings
Preference |Sample Rate |

[[J synchronize Sample Rates
& synchronize Gains

z Mcvement|C0nstant Speed v|

Spectroscopy Settings

End Option |As Starting Mode |

X, Y Positior As Starting Mode

Nr. Constant Height apm

Retracted Piezo

Idle (Approached)

8.6.3 Sine Modulation

The Advanced panel in the Spectroscopy Control window provides general
settings that are valid for all segments.

Preference allows typing the force curve resolution as Sample rate (in Hertz)
or as Sample number (in data points per segment). Correspondingly, editable
input fields appear in the force curve segments.

It is also possible to Synchronize sample rates and to Synchronize gains
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.

For microrheology measurements a Sine Modulation segment is available as a software add-on.

0E
Modulation

Sample Rate |1£|Hz

Sample Num.3200

Periods |EE|

Duration 20s

Frequency |T 50 Tle

Amplitude |T 200 T|nm
Phase - o} Tldeg
Direction |Z '|

For each Sine Modulation segment the Sample Rate can be adjusted.

Depending on the measurement the number of Periods can be set between 1
and 10000.

Frequency and Amplitude of the modulation can be modified.

The starting position of the sinusoidal movement can be changed by adjusting
the Phase value.

For the Direction of the movement the Z as well as X dimension can be select-
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8.6.4 Display force ramp data

As in Basic force spectroscopy based mode, the Force Spectroscopy Oscilloscope opens automatically upon select-
ing Advanced mode. Please see Section 6.1.2 for a detailed description of the functionality of the oscilloscope.

e
14 . 14 (I=)=)ET] (=)
12 412 i i -
Bl Qperation |Baseline ‘
_ 1 y < Baseline Subtract Baseline Offset
z @ Automatically subtract the baseline offset.
S 8 {s 2
E o Name
o

& ] 46
ai % Segment |Fletract (2) -
c o r 1
=] 4 44 = X Channel
=] S Extend
= = ¥ Channel
z 2 42 o Retract (1)
] o 0 a Fit Range Retract (2)
E 'g X Min (Bd]| L.ouzsu;" o

2 15 X Max [~]|  =s101)[+]%

Wertical
-4 14 Deflection 36.32 nil
1 1 L 1 1 1 1 1
ZbdlE 317 319 3.21 Zhz
Height (measured & smoothed) (um) [add New Operation ,‘ Y| =

Operations can be added and applied to any segment. Select the desired segment in the Segment chooser.

[=[o]x]
10 J10 (aJ®B](=](T] (=)
8 18 ) Measure Slope
Display Measure the slope of the curve by fitting over

& 18 the chosen fit length,
< <
& El & easeine Name |Measure Slope 1 |
2 & 1% 5
% ) 1, :‘.é | @ /N Weasure Slope 1 | Segment | & Extend (2) v|
= = X Channel | Height (measured) 'l
5 53
= 0 10 g ¥ Channel Vertical Deflection
oz =]
“g 2 42 @ Fit Range |Re|ative Position 'l
T . . P X Min | 0|Bnm
= - — —+ - =
£ 2 X Length B|—50|Bnm

B -6

Slope n.a
8 —-8
10 i I i i i 10
-15 -10 5 0 & 10 15
Height (measured) (pm) [add New operation v| Y| =

Invalid operation warning icons may come up if segments chosen for the corresponding operation are removed. Add-
ing segments may result in the renaming of existing segments, which causes invalid operations if the renamed segment
is chosen for any of the operations. E.g. if only one extend segment exists, its name is Extend. If another extend seg-
ment is added, the Extend segment is renamed to Extend (1) or Extend (2), depending on the segment order. The
invalid operation waring icon will disappear as soon as a valid segment is selected in the Segment chooser.

Invalid operation warnings may occur if segments chosen for the corresponding operation are removed or
renamed, or if the required channels are not activated in the Channel Setup (see Section 6.1.2). Always
check whether all required channels are activated in the Channel Setup (Section 3.2.7) when the invalid
operation warning icon appears for any operation.

To display the desired channel in dependence on time and to visualize pause times, open the Force Time
Oscilloscope. Please see Section 6.1.3 for details.
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8.7 Manipulation and lithography

& Manipulation allows defining paths over the sample surface that the tip will follow. In Imaging mode, the tip moves
back and forth in scan lines across the sample, and in Force Spectroscopy mode, the tip moves vertically over a speci-
fied point. In Manipulation mode, the tip moves freely across the surface, along user-specified paths. Between the
paths the tip is lifted from the surface; a series of disconnected lines can be drawn. Manipulation mode can be used for
two main kinds of experiments: The tip can be used to move particles or molecules around on the surface (nano-
manipulation). Or the tip can be used to draw a pattern across the sample, e.g. scratching with a higher force (nano-
scribing).

et [ A Select Contact Mode in the Feedback Mode drop-down menu.

. AC Mode
[o]]

Contact Mode

‘E Imaging o

| B Force Spectroscopy
E Imaging
g Fast Imaging
@ Force Mapping

Cauh Manipulation

:’;‘Joltage Spectroscopy

Select Force Spectroscopy in the Measurement drop-down menu.

8.7.1 Manipulation Control

At the beginning, it is useful to calculate the Setpoint force applied in order to choose suitable values for manipulation
of the surface or objects lying on the surface.

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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. . The whole set of movements for the manipulation is divided into paths
¥ Manipulation Control

—_— and points. Each path is a set of (X, Y) points, and the tip moves from
‘@l one point to the next with a constant Velocity. During the movement
velacity |.E] |71.0| |.3|-‘m"5 along each path, the Se.tpoint is hgld an.d controlled using the IGain and
Setpoint |z]|—m“3v PGe.un feedback values in the l\_/lampulatmn F:ontrol panel. The§e vaIueTs
cain l'z] |ﬁ| l'Z] e are .|ndep_)endent of the normal imaging setpoint and fee_dback gains sgt in
S — the imaging Feedback Control panel. Often the setpoint for the manipu-
Feain l-i] |ﬂ| l-il lation is set at a higher force than for imaging, so that objects can be
moved or the surface modified.
| Path 1 v‘

During the manipulation, the tip moves along the list of specified paths in
order. Between the paths the tip is lifted from the surface, forming a se-

| Delete | | Clear | [ New |

X, Y Position ries of disconnected lines.
M. X i . . . .
: oL =L The paths for manipulation can be drawn freehand in the Data Viewer, or
loaded as a scalable vector graphics (.svg) file created by typical vector
! 0.0 4.33 graphics software, such as lllustrator or CorelDraw. The path is defined
2 5.0 -4.33 as straight lines joining the points, so a curved line will have many points
3 -5.0 -4.33 very close together, and for a completely straight line only two points are
required.
| Delete ] | Clear] | New]
8.7.2 Paths and points
|0/ x| InManipulation 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 con-
verted into a set of points in the Manipulation Control
panel. When the mouse is released, then the next click and
drag is saved as a new set of points in the next path.

The example here shows a single freehand path, the cur-
rently selected path is always displayed in blue.

B
=
2
<
2
@

The mouse function can be changed with the right-click
menu to change the view in the Data Viewer.

Channel Filters Colorizer ] | | Q | = ]
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When a point in the path is selected in the X,Y Position
list, then it is shown highlighted as a blue dot in the Data
Viewer. The selected point may be moved around using
the mouse (click and drag).

Slow Axis (um)

[ channel |  Fiters | colorizer | (H[Q |[=]

For drawing straight lines press the control key “Ctrl” and define the start and end position with the left mouse
button

| |0 x| More than one path can be drawn — this example shows
three paths. A path can be selected from the drop-down
menu in the Manipulation Control panel. The currently
selected path is displayed in blue.

| Path 3 |
E | Delete | | Clear | | New |
3 elete | Lear | New )
0 X, ¥ Position

M, Xin pm ¥oin pgm

2
._% 0 -2.852 2.14
7]

1 2,525 2,257

| Delete | | Clear | | New |

| Channel Filters | Colorizer | | | Q | |

|Path 3 -| 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.
| Delete | | Clear | | New |

X, ¥ Position The buttons Delete, Clear and New at the bottom apply to individual points with-

. . 2:5'2 KT 2:” KT in the selected path. Delete removes the currently selected point, and Clear
1 — - removes all the points of the current path.

| Delete | | Clear | | New |
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8.7.3 Run Manipulation

B
=
2
&
E
@

[ _[ofx

|_ Channel

Filters

Colorizer

H[a =]

8.7.4

Define a manipulation pattern/path and click Run to
perform the entire manipulation movement (all set
paths). The current point is shown in red in the Data
Viewer during the movement.

When all paths are performed, the cantilever is left in
the retracted position.

Importing and exporting scalable vector graphics files

Manipulation mode allows importing manipulation patterns/path of the scalable vector graphics format. Prepare your
manipulation pattern in any corresponding graphics software and export the pattern as *.svg file.

Manipulation

Manipulation Pattern Manager |

& Import Manipulation Pattern [

& Import Pattern for Background

- Save Manipulation Pattern

Import Manipulation Pattern

Select Import Manipulation Pattern from the Manipulation drop-down menu
on top.

+ + x

+ 3] |Q » home » tneumann » jpkspm » data » manipulation

[t bl &

- | ) Downloads
- | ) jpkdata firlc_le_.svg
2 | jpkspm .
& | bin dots11x11.5vg
& | config 56 KB
= | data
B | cantileverpics dotséxs. svg
B |y fluorescence L.52 KB
[¢ 0 e |, manipulation |

@® Scale to fit scan region
O Fixed metric scaling:
() Arbitrary scaling factor:

SV file, size 20,00 nm x 20.00 nm Suggested
scaling factor: 500.00001263106276

Selected files: | |1

circle

I |_ SVG vector graphics v| | + Open | | X Cancel |

Choose the desired file and set the scaling:

Scale to fit scan region (best for vector graphics created by external software packages).

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).
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8.7 Manipulation and lithography

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 102, 10° and 10° to be quickly selected or any arbitrary num-
ber can be entered in the input field, 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.

The SVG files must contain only outline objects. Other elements, e.g. font objects, filled or patterned objects,
will be 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 depends 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".

[_[o[x] 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 sim-
ple 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 lllustra-
tor. Free software is available to create vector graphics
on www.inkscape.org

Slow Axis (pm)

|_ Channel | Filters | Colorizer ] | | Q |@ ]

8.7.5 Simple manipulation examples

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 AC mode cantilever with a spring constant of around 40 N/m was used.
Imaging in AC 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 depression is moved to the edg-
es, which become raised. The overall topography of the scratch was a few nm. Deeper lines could be produced by
applying higher forces. The image below shows a height image (5.0 x 2.2 um).

3.606 nm

ﬂ

onm

slow um]

fast [um]
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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 AC mode in air, which did not disturb the spheres, and
manipulation could then be performed using a very small setpoint in contact mode (around 0.05 V 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.

8.7.6 Background patterns

In some cases, for instance the example above moving spheres, it is useful to have a background 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.
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Manipulation Select Import Manipulation Pattern from the Manipulation drop-down menu

I on top.
Manipulation Pattern Manager | P

| B Import Manipulation Pattern

(@& 'mport Pattern for Background

o Save Manipulation Pattern

The import dialog is very similar to the manipulation path import dialog (see Section 8.7.4 for details of the options).
Patterns can be found under /opt/jpkspm/data/manipulation/*.svg

=t © L » home » tneumann » jpkspm » data » manipulation [t | BT | X\
s : ® Scale to fit scan region
& luy Downloads fnjc_le.svg O Fixed metric scaling:
@~ Lj jpkdata T O Arbitrary scaling factor:
- jpkspm - - =
= SVG file, size 1.000 km = 1.000 km Suggested scaling
& [ bin dotsl1x1l.svg factor: 1.0E-8
|l 1 3.56KB
- | config
=) data
s : ) dotséxb. svg
@ | ) cantileverpics | | 152k8
- | fluorescence
[ - L |

Selected files: || | dotsllxll | |_ SVG vector graphics v| | « Open | | X Cancel |

— 0| % 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.

E
=
-
]

4 6
fast (pm)

| channel | | Settings | | View | | Focus | | Line Viewer |

8.8 Environmental control for experiments

8.8.1 Temperature control and data saving

Many different temperature control accessories are available from JPK, which can be used to heat or cool the sample.
There is a general interface for controlling the temperature from the SPM software. This Temperature Controller inter-
face allows displaying and controlling the temperature as well as saving the temperature profile of an experiment.

The corresponding temperature control accessory must be connected to the PC using the dedicated USB port. Please
find a close description of your temperature controller in the specified user manual.
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Accessories Open the list of installed € Temperature Controllers and select the corre-

L | sponding device from the Accessories drop-down menu.
amera |

| DirectOverlay Optical Calibration |
| [E Import Optical Image

: H= Pump Control

| i FluidicsModule

Temperature Controllers 3

' Woltage Output Settings
‘ ExperimentPlanner

Conductive AFM

' il | —| % '|' The Temperature Control panel for the chosen device shows the

control 37.3 ¢ Control temperature, which gives the actual temperature of the sam-
- : ple holder. Type the desired Setpoint temperature.

Setpoint [~ || 37.0|[ « |°c

[ Saving Settings “ Save ] Save allows saving of the temperature data along with the time as
well as other channels in the form of a text file. Select Saving Set-
tings to set the channels to be saved.

EN —[o[x| The Temperature Data Settings panel
Filename root: [temperature )| remperature sensors: s provides several data channels like the
L > jpkuser » jpkdata > | EZP;E,‘."m 8 Setpoint, the Control and Sample tem-
E};ti;ahtchannels to save alongside temp%ature: peratures.
Vertical Deflection O
RS = The temperature text file is automatically
:::g:g m::x:g’& smoothed) 8 updated as the temperature changes, with
Time O more data points being taken when the
temperature changes more rapidly.
Edvaf‘“d The temperature is usually a direct control, so that the value entered in the panel is
immediately used by the temperature device.
JPK SPM Jython Console It is also possible to vary the temperature over time in a controlled way using
=] Real Time Scan scripts. These can be used for instance to run a temperature ramp over minutes or

Logging Settings overnight. Please read Section 9.6 for more information about JPK scripts.

Advanced System Status

8.8.2 Pump control for syringe pumps

4 Many different liquid cell accessories are available from JPK; most can be used with perfusion either manually or
using a syringe pump. The SPM software provides control and monitoring of several syringe pump models, such as the
KD Scientific Model 200 Series as well as various models from WPI.

154 NanoWizard® Series User Manual Version 6.0



8.8 Environmental control for experiments

|Accessories

B CCD Camera

DirectOverlay Optical Calibration |

| [E Impert Optical Image

| fii FluidicsModule
Temperature Controllers
Voltage Output Settings

‘ ExperimentPlanner

Conductive AFM

:

—|O| X

Start all
|
Stop all

Preferences

Open the Pump Control window from the Accesso-
ries drop-down menu. The pump must first be con-
nected to the power supply and to the SPM computer

(serial connection).

If no pumps are connected and configured, the main
Pump control panel opens as shown here.

Syringe 1
S/M: FTWSBEDN

0.0 dlimin

Syringe 2
CS/M: FTWSBBEL S

0,000 | left

ERROR

(@[« )m(>)»)
(=) 17oa](~Jumn

(@[« m>)»)
(=) 17oa](~Jumn

|inject v|

|inject v|

Show details

Start all
|
Stop all

[ Couple pumps l [ Preferences l

Error

%)

The Aladdin pumps inter-
face via USB and are
automatically recognized
when connected, even if
the pump itself s
switched off. The serial
number of the connected
pump is indicated.

|£ Switch the pump on; a popup will show to indicate the pump reset.

Pump-Alarm: Pump was reset
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0| X When the connected

Syringe 1
S/M: FTWSEBBDN

0.0 dlimin

Syringe 2
S/M: FTWOBEE4

0.0 dlfrmin

e m>»
) w7os][Juimn

@« m>»
) w7os][~Jumn

|inject

h |

|inject v|

Show details

Start all
|
Stop all

pump is switched on, the
pump settings can be
adjusted.

All pumps can be con-
trolled with Start all and
Stop all.

[ Couple pumps ] [ Preferences l

[4¢](«][m][> ][]

|inject

A.|

withdraw

inject

Individual pumps are controlled with their button bar, and can pump to both, inject

or withdraw direction.

Hm

Click on Show details to open the list of full settings for

Syringe 1
S/N: FTWSBBDON

0.0 dlfrmin

Syringe 2
S/N: FTWSEBE4

0.0 dlfrmin

e m»»
() 1788~ Jumn

e m»»
() _1768) = Jumn

|inject

v|

|inject v|

(| show details }

Properties of the pump "Syringe 1"

Name |Syring

el

Serial number

Standard flow rate EH

440.2|[ = |pifmin

Fast flow rate E]|

2.179]( = | mlimin

Pump mode:

Status:
Selected syringe:

® continuous
O volume to pump
O time to pump

continuous

Air-Tite Inc® - 1 ml - Plastic

- ] [Add new syringe type ]

U iameatar:

Ajr-Tite Inc®

Becton Dickinson®
Hamilton®

Harvard Apparatus®
Kendall®

Popper & Sons, Inc
Ranfac®

Scientific Glas Engineering®
Terumo ®

Unimetrics &

.

A TON mm

Tata| yolume: 1,000 ml

F ol du Restore last

» | 0.5 ml - Glass

b | 1 ml-Glass i

» | 1 ml-Plastipak™
b | 2.5 ml-Glass

v | 3 ml-Plastipak™
» | Sml-Glass

b | S ml-Plastipak™
» | 10 ml - Glass

» | 10 ml - Plastipak™

20 ml - Glass

the pump currently selected.

It can be useful to enter a sensible
Name for the pump to reflect its con-
tents.

The Standard flow rate and Fast
flow rate are the speeds used for the
single and double arrows in the button
bar.

The Selected syringe settings are
used for the conversion from distance
to pumped volume. It is important to
enter the used syringe type in order to
obtain a properly calibrated flow
speed. Custom syringes may be add-
ed and saved.
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If more than one pump is available, then the option Couple pumps can be used for push-pull systems, where the same
volume should be injected with one or more pumps and withdrawn using another pump. The pump speeds are adjusted
so that the net rate is constant.

Ham E The settings in the Preferences panel affect all pumps at
Stepsize for flow rates [Z]| 50.00 Bplfmin once.
Timebase for displaying flow rates |minutes ~|I|  The step-size for flow rate settings can be changed, as well

c : as the time unit for flow rates.
0K || Cancel

The settings for the pump control are saved in /home/<username>/jpkdata/configuration, along with the general settings
for the NanoWizard™ software. The connection and syringe settings are remembered as long as these files are not
deleted or overwritten by a new software installation.
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9.1 Spectrum Analyzer

Using the spectrum analyzer, acoustic or electronic noise on the cantilever can be detected. The calculation is made
using an FFT of each scan line and combining the data from several consecutive scan lines to give an average noise

spectrum.

The maximum frequency is limited by the so-called Nyquist-Frequency which depends on the scan rate, duty cycle,

image size and pixel number.

Imaging

- s Open Saved Image  Ctrl+0 I

| 8= Image Record List

9, Advanced Imaging Settings

Hover Mode Settings
[=] Oscilloscope

(=] Spectrum Analyzer

=5 Calibration Manager

Open the Spectrum Analyzer via the Imaging drop-down menu.

EEE

0.001

Vertical Deflection: Trace (Vi/Hz)

The main display controls are similar to the Oscil-

. (@[T ]&] ) .
~ Horizontal Axs loscope window (see Section 5.5.1).
X Max = 569] [~ | He
Jo1 Elim I of[-]we . .
[ spatial Frequency | All the available channels (depending on the
o on s Ten g on STea] imaging mode) can be displayed as a function of
channel }W ;: temporal frequencies (1l/time, as normal) or as
Displa: Both -
o0 v G 1)) spatial frequencies (1/distance) if Spatial Fre-

¥ Min = 1E6][« ] virz

Color (Trace) | == Light Blue -l

quency is selected.

(ZH1:N) BIBA3RY SLOIIBEA [EIIHBA

Color (Retrace)| S Dark Elue -|

~ Advanced settings Multiple channels can be selected using the
1E5 J1Es maxhistory (][ 10/[-] . .
status 1010 channel tabs for the Vertical Axis.
[ Reset History
15 s (_ Show Current Spectrum |
0 100 200 300 400 500
Frequency (Hz) @
¥ Advanced Settings _ The Max History input field of the Advanced Settings allows for settings the
S I [ZH—NHE] number of scan lines used to calculate the average spectrum. The Status box
Status 10/10 shows the number of scan lines being used to calculate the spectrum. Click Reset

[ Reset History

[ Show Current Spectrum ]

(]

History to remove the old scan lines from the calculation. Show Current Spec-
trum displays the spectrum calculated from the current scan line independently of
previous scan lines. The save icon on the bottom allows saving of the current
spectrum.
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9.2 Real Time Scan

|Advanced |

58 Open Script

JPK SPM Jython Console

(] Real Time Scan

Logging Settings

Advanced System Status

Open the Real Time Scan via the Advanced drop-down menu.

The Real Time Scan oscilloscope displays the channels data continuously as a
function of time. The display is similar to the output from a conventional oscillo-
scope connected to the particular channel.

= o =aa =2l The main display controls are similar to the Oscil-
4,44 | W . -
s Display |channel saving | loscope window (see Section 5.5.1).
Rd ~ Horizontal Axis
g 2@ X Max S}ME The Sample Frequency defines the data sampling
o -4.48 X Min - 39.9747 || ~ |s
T 4 Sample Freq. [~ 10000.0][ = | He rate. If the data is sampled with high frequency, the
| &‘:giﬁ‘a performance may start to suffer. Check that only the
5 s T et e required channels are being collected (see the
T 453 Chl|ch2|ch3|ch4 . P .
e channel  [Holght imemmred 1] Channel Saving tab) to optimize the high-speed
459 vva [ _aea)l-]em performance.
assl o ¥ Min [~][ -ass|[~]pm
- S Color [mmpaksive ]
Click Start to collect and display the real time data.
To save the data, enable the Autosave button
before Start is clicked.
C .
= (&) &) ()LL) 221 select the Channel Saving tab to select the chan-
-4.44 e
445 Dispey| channel Sovg nels to be collected and saved. Collect means the
Channel Collect Save
j:j e = data is collected for being displayed in the Real
= " Lateral Deflection . . .
£ ol dan Time Scan. All channels with the Save tickbox
Sl S enabled are saved when Autosave is enabled.
E -4.51 [B)IAESEDE(E
e Precision 3
g -4.52 Precision 5
I recision
453 :elght (m;asured) i)
-4.54 Time
-4.55
° EBjBE ‘ 4U‘IUU ' 40?02 ' 40“04 ‘ 4Uj05
Time (s)
Y _ x .
» L1o] The channels to be saved can also be selected in
) Use one folder for all data types (T2 » home » jpkuser » jpkdata » ]

Q™ Advanced Imaging | Q1™ Imaging | Voltage Spectroscopy the Real Time Scan tab of the Saving Settings
Real Time Scans | Voltammetry | Temperature data

Sawve with Scan

Directoverlay Optical Calibration |

Force Scan Maps |

Channel

Height
‘ertical Deflection (v}

Lateral Deflection

Lock-in Amplitude

Lock-in Phase

lauxiliary Channel 1

lauxiliary Channel 3

isuxiliary Channel 4

Error Signal

Blank Data

[Time

DAC 3

Precision 3

Precision 5

Precision 7

Height (measured) o

Lock-in Amplitude 2

Lo tra Pk

Image Scans | Force Scans |

window (see Section 3.2.8). Here additional set-

Filename root; |real

CJ » jpkuser » jpkdata »

Folder:

tings concerning the file name and location can be
set as well.

Channel Setup | 8%

Enable the Save tickbox for all channels to be saved. If only Collect is enabled but not Save, the corre-
sponding channel data can be displayed, but are not saved. Open the Channel Saving tab of the Real
Time Scan Oscilloscope and tick the Save tickbox for the channels to be saved.
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9.3 Logging Settings
|gdvar1ced|

I8 Open Script
|PK. SPM Jython Console
[z Real Time Scan

Logging Settings

Advanced System Status

=En

Log - File - Logger |Log monitored tasks v|
Dialog - Logger |Log each message v|
StatusBar - Logger |L0g monitored tasks v|

=ER

Log - File - Logger |Log monitored tasks A|

Dialog - Logger ' '
- e Log method traces

StatusBar -Logger | 5 jepugging message

Log hint message

Log monitored tasks
Log each message

Log errors and warnings
Log only errors

Log nothing

Open the Logging Settings via the Advanced drop-down menu to
adjust the settings for error logging.

The Loggers determine where relevant messages, errors and warn-
ings are displayed:

e Log-File: information written in the log file, which is automatically
saved in the directory “/jpkdata/*.log”.

e Dialog: information displayed in pop-up dialogs.

e Status Bar: information appearing in the lower status bar of the
SPM software

Each Logger can be adjusted separately by setting what is to be
logged. Warnings and errors can give useful information about the
status of the AFM and may be a guide to the source of a problem.

Before deactivating all loggers, please keep in mind that these loggers are used to track unforeseeable
errors that might occur. Especially the log files can be used for later bug fixing.
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9.4 Voltage Output Settings

The Voltage Output Settings allow sending a variable voltage to a free DAC on the Signal Access Module (see Sec-
tion 11.1.1). This enables electrical measurements without using an external power supply, such as oxidation lithogra-

phy, conductive AFM or electrochemistry measurements.

|Accessories |

B CCD Camera
| DirectOverlay Optical Calibration |
| [E Import Optical Image
| H= Pump Control
| fii FluidicsModule
| Temperature Controllers 3
|
‘ ExperimentPlanner

Conductive AFM

A =ER

Output Channels
Axis 4 | Axis 6 | Axis 7 | Ais 8 |

0] External Hardware
(KPM or CAFM module)

Output type: |Constant Voltage v|

Voltage (-]l 0.000[ + Jv

Input Channels
Precision 5

Set the conversion for Precision 5
Conversion|CJ Not calibrated |apn

Voltammetry Oscilloscope | [

Open the Voltage Output Settings via the Accessories drop-down menu.

The Output Channels settings are stored in the property file
for the instrument, and depend on the controller type. For the
standard SPM controller, typically Axis 4 would be used; see
the channel assignment list with the controller information for
the Channel number of the BNC connection.

External Hardware is a switch that changes between the
default 0 — 10V range (directly from the Signal Access Mod-
ule) and -10V — +10V range (only available if a €& KPM box is
connected in between).

If Output Type is set to Constant Voltage, then the output is
taken directly from the Voltage input 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
Input Channel.

There is a built-in Voltammetry Oscilloscope for such appli-
cations using the corresponding Axis as the default input.
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_ o x '| Before starting measurements, check that the selected Input

ooo
RS

Inputs | Internal| Outputs | apc and Output Channel are enabled in the main Channel Set-

E el dhemmE] (s crereE Enable up (see Section 3.2.7). Otherwise data from these channels

Axis 1 ¥ Pasition (Tip) v will not be seen in the software, and hence cannot be dis-

Axis 2 ¥ Position (Tip) %4 played in the oscilloscopes.

Axis 3 Height

Axis 4 Axis 4 v} Usually this means that Axis 4 and either Precision 5 should

i G 0 be selected.

Lxis B Axis B 0

zis ; i's ; g The channel saving for data display is handled separately in

15 15 . .

the corresponding oscilloscope (see below). Make sure that
the desired channels are enabled in the Channel Saving tab
of the Voltammetry Oscilloscope (see below).

Approximate scan file size: 5242.88 kb

Approximate scan memory size: 13631.49 kb

A, —_|o|x '| If the settings are changed to €& Cyclic Voltammetry, then
Output Channels the output will produce a triangular / saw tooth output with the
Ais & | Axis 6 | Axis 7 | Axis 8| corresponding settings.

0 External Hardware
(KPM or CAFM module)

Output type: |Cyc|ic Vaoltammetry -

® triangular
O sinusoidal
Turn round potentials
Max Voltage E]| 1'000|E]V The cycles can start and end at either the Min Voltage or the

Min Voltage E]| 0.000|E]v Max Voltage.
Starting voltage |min -

The time for the cycle is set implicitly by a Velocity in V/s.

Resting voltage |mir'| i v|

— When RUN is clicked, then either continuous cycles or a
Timing

velocity E]l 0.200|E]w$ Fixed number of cycles will be started. When RUN is not
Number of cycles active (between cycles), the voltage stays at the Resting
O Fixed number: voltage.

@® Infinite o ] )

The current-voltage amplification will generally be provided

RUN by some external hardware, and the Conversion factor can

Input Channels be entered here. For instance, if the gain is set to 1 micro

Precision 5 Ampere per Volt, the conversion can be typed in as le-6.

Set the conversion for Precision 5 This will automatically be updated to show the current in the

Conversion | Mot calibrated |AN correct unit.

Vaoltammetry Oscilloscope

Open the Voltage Oscilloscope using the corresponding shortcut icon.

=
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= _[ol=] If the Conversion is set, then
15 - (QJE (=T (&) Axis 4 will be calibrated.
Display m‘
< Gl Please read Section 5.5.1 for a
19 g Sample Freq. [~ || 10000.0|[~ | He o )
Time to display B\iﬁla . close description of the Display
s st (star) [Adtosave) and Channel Saving settings in
= .
£ v Horizontal Axis the Voltage Oscilloscope.
S ol X Max =]l 10|+ v
= X Min -] 0.1][«]v
£ [uds 5 -
g 9y
¥ Vertical Axis
thl|ch2|chz2|ch4
A0y Channel |vertical Deflection ~|
Y Max ]l 15)[]v
15 AR T Y R ST ST ST S R ¥ Mi [+ as|[a v
-0.1 0.2 (5 0.8 " D|7|D
s 5 (V) Color | = Dark Blue -

9.5 Python and macros

Python is a high level, dynamic, object-oriented programming language. SPM provides the Jython console, a Java
implementation of Python, which allows running of individually programmed Python scripts. The Jython console can
also be used to run pre-programmed macros from JPK, so a detailed knowledge of Jython is not required for many
operations.

There is an online tutorial available 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 are recom-
mended:

Markus Lutz, Programming Python, ISBN 1565921976.

Robert W. Bill - Jython for Java Programmers, ISBN 073571119, (recommended for those with experience of Java programming).

|gdva|r1ced | Open the JPK SPM Jython Console via the Advanced drop-down menu.

= Open Script
| |
2] Real Time Scan
Logging Settings
Advanced System Status

e [[o]x] ; :
Sython Conpletion Shell To load the full set of macros provided, enter the following

Jythen 2.5.1+ (Release_2 5 1:exported, Feb 11 2013, 19:23:20) .
[Java HotSpot(TM) B4-Bit Server VM (Sun Microsystems Inc.)] on javal.6.0_28 command:

=>> from jpktools import macros|

>>> from jpktools import macros

This command imports the file macros.py from the directory
com/jpk/tools.

The currently loaded modules can be displayed using the command:

>>> dir ()
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Any macros copied to the file ".spmmacros.py" in the users’ home directory are automatically loaded when the

“n

Jython console is opened. 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. Contact support@jpk.com if you have any particular re-
quest.

Only a few examples are listed here for the more commonly used macros.

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: open the Jython console and import the macros, before
performing the sweep. Perform the sweep, and then save it using the following 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)

9.6 JPK scripts

The JPK Script Center allows for scripting individual applications. This enables Jython programs to run on a separate
thread. Contact support@jpk.com if you have a particular request or question. There are many pre-programmed scripts
that can be used for special experiments.

Advanced Selecting Open Script in the Advanced drop-down menu opens

: | the Open Script file chooser.
@ Open ScripD> |

|PK SPM Jython Console
[z] Real Time Scan

Logging Settings

Advanced System Status
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9.6 JPK scripts

Open Script lE

« 3] IE » home » tneumann » jpkspm » scripts » | tham TN

- , Go to jpkdata folder
| debiannt . . ACKPM_GULpy
| debian-spm senice unstable L | ssezm Go to jpkscripts folder,
Ly doc
- |y dsp 5 ApproachTest.py 5 ArbitraryDirectOverlay... 5 fake.py
[} ete L1 z23zke L 4457kB Ll 1.z6ke
L external
-} firmware 5 Forcesutoscan.py 4 ForceGrid.py 9 HwTest-CH13.py
£ L1 431kE L1 258KB L1 1.52kE
- L tpga
- [ He1z
. ImageScanListenerDe... 4 KelvinForce.py 5 KelvinForceGUIL.py
L jpktoals L1 =236« L | 1542k8 L | 296k
[ lib
L log 5 Multiscan.py 5 RetractAfterimageSc.. 4 ScanandRetractGUILpy
- Ly packaging L | 5.28KE L | 415kB L | 637kE
| i piezojoystick
- [} paol 5 TemperatureScan.py 5 TemperstureUpdater.... 5 TimelLapsScan.py
G- o) scripts L1 s97kB L1 364k L1 7818
Selected files: |;_1_ KelvinForce I ‘,_,'JPKsmpt vl [ + Open ] [ X Cancel]

Choose the desired script and click Open. The two folder icons on the right-hand side allow direct jumping to the
jkpdata and jpkscripts directories.

z =En

[ o |

13

feedbackenable [ 14This script allows setting the important parameters for
foedbackl E] 100.00 E] 15 doing a kelvin force experiment.

16

feedbackP E]E] | 17 Such an experiment has the following steps:

{ 18 * While in IC-Mode images are recorded
squareAmplitude E]E] | 19 * during the trace the topography is recorded

20 * during the retrace the cantilever 1s lifted a specific
21 distance over the surface

22 * The KPM-Box will switch off the signal applied to the
23 IC-Piezo and will redirect it to the cantilever.

l Continue

squareEnable O

The Script Center window opens, containing a description of the script, followed by the script text itself on the right-
hand side, and a panel with the required parameters on the left-hand side. The current status is displayed in the bottom
window, e.g. Image Scan Started or Done....

Set the parameters as desired and click Continue to apply the parameters and acquire data. Stop allows aborting data
acquisition. Click Restart to reload the set parameters in order to start a new measurement. Reload allows returning to
the initial settings, i.e. the source code.

Always use the Continue button to start measurements using JPK scripts. Do not use the Run button (red
arrow in the shortcut icon toolbar).
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9.7 JPK data formats

Depending on the measurement mode, the SPM software generates different file types. E.g. Contact Mode or AC Mode
imaging creates files with the extension “*.jpk”; Force Spectroscopy creates files with the extension “*.jpk-force”. JPK
image files (*.jpk) 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 of the *.jpk-files can be found in the directory “/opt/jpkspm/doc/TifSpec.sxw”.
This sxw file can be opened with "OpenOffice", which should already be installed on the AFM computer.

JPK data files are designed to be read and processed by the JPK Data Processing software (DP). Processed files can
either be saved in the original data format or exported as text or pictures in a standard graphics format (e.g. *.jpeg).

JPK formats Export formats
Export as text Export as picture
Format * jpk (image format) *.out * tif
* force (force map image) *.txt *.bmp
* jpk-force-map (force map curves) |[*.map_txt *.png
* jpk-force (force spectroscopy) *.jpg

* jpk-gi-data (QI™ data file)
*jpk-gi-image (QI™ image file)

*.tnd (frequency spectrum in ther-
mal noise, ascii)

*.cal (height calibration file, ascii)

File contains: Full collected data, scan parameters | Limited information, specific | Single image without
and calibration conversions. to export format. additional information.

Is reload in SPM/DP 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.qg.
PowerPaoint?

Yes (ASCIl formats *.out, *.tnd,

*.dat)
File can be read by Some (e.g. *.jpk) Yes Yes
SPIP AFM processing
software?
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9.8 TTL Control

TTL (transistor-transistor logic) devices can be used to synchronize the NanoWizard® AFM with external hardware
components like cameras and spectrometers. A particular characteristic of TTL signals is the so-called level change,
the switching between a low state (below 1 V for a digital 0) and a high state (above typically 3.3 V for a digital 1) in a
high switching speed. A combination of a fast switch between low and high state leads to a pulse segment.

9.8.1 Hardware configuration

The NanoWizard® controller can be equipped with and without a Signal Access Module (SAM, see Section 11.1.1).

The full range of TTL control elements can only be used with the Signal Access Module.

2u
NanoWizard® controller without SAM NanoWizard® controller with SAM
TTL Signal without SAM
13 1
w | g OO0 O0O0O0O0O 0O O0O0O0OO0 @
. OO0 O0O0O0O0O0OO0OO0OO0OO0
: 25 Sub-D 25 female 14

| - l ; . 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 con-

@ troller without Signal Access Module offers the possibly to use two TTL
- outputs (marked in red).
¥ "y

O The TTL outputs (Pin 1/2) can switch between high and low state (level changer), but there is no possibility to

202/ 0000 ' »
-....o

generate automatic pulses. This is only possible with the SAM (see below).
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TTL

Signal with SAM

nized with AFM

The access to the TTL signal is given at the Signal Access Module of
the controller via a Sub-D 15 female pin assignment (marked in
green). Besides switching between high and low state, automatic
pulses can be generated. Furthermore TTL pulses can be synchro-

measurements through pixel, line and frame clocks.

1 Pin Assignment:

\

O 0O0O0O0O0O0 12
OO0 O0O0O0O0O0 i

9.8.

15 9 3

9-11
12

13-15

2 TTL Control Panel

ground (no TTL output)

TTL (level change, pulse)

TTL (level change, pulse, frame clock)
TTL (level change, pulse, line clock)
TTL (level change, pulse, pixel clock)
ground (no TTL output)

TTL (level change)

ground (no TTL output)

TTL (level change)

The TTL Control panel offers the possibility of controlling and monitoring TTL signals independently from the chosen

mode (imaging or Force spectroscopy).

|Setup |

e

ooo
LAY

K

Autosave

Scan Repetitions »
Laser Alignment

Z-Range »
Z Piezo Display

Scanner Calibration
Approach Parameters
saving Settings

Channel Setup

Experiment Remote Control
Advanced Feedback Settings
Looké&Feel 3

Exit ctri+0

Open TTL Control via the Setup drop-down menu.
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The TTL Control panel provides an overview about all available TTL outputs.

1o % '| Pin 1 (back) and Pin 2 (back) are at the rear side of the controller

TTL Output |-|_r|_ Input . (Sub-D 25 female pin assignment). These two Pins can be con-
. trolled with and without the Signal Access Module. Pin 1 and Pin 2
Pin 1, back .
are level changer.
Style LEVEL
Level ' All other Pins can be accessed via the Digital out Sub-D 15 female

pin assignment at the Signal Access Module.

Pin 2, back .

Style LEVEL Pin 3 - Pin 6 are able to change between high and low state and
Level e send pulses. The Style can be switched between LEVEL and
PULSE.
Pin 3 [ ]
style [LEVEL .| Pin 6 offers furthermore the option to start a pixel clock via the TTL
Level E Control Panel. During imaging and force spectroscopy a TTL pulse
is sent at each tip position corresponding to a pixel.
Pin 4 o
Pin 9 - Pin 11 and Pin 13 - Pinl5 are able to change the Level
Style |LEVEL -]
" and can be accessed at the Signal Access Module.
Level 9
pin 1, back The Style LEVEL offers the possibility to switch between high and
low state.
Style LEVEL
e (L] L]
Whenever the Level-button is pressed a level change is done.
Pin 3 . The Style PULSE offers the possibility to set pulses. Two sorts of
pulses are available. The Pulse Time can be controlled.
Style |PULSE -|
Level . | i | |_ e I
Pulse Time| ~ || 100.0|[ « |
| Trigger Pulse Trigger Pulse sends a pulse with the defined Pulse Time.

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

The general Pulse settings have to be set at the TTL Control panel. Therefore, the Style PULSE has to be chosen and
the Pulse Time has to be defined. For activation of the TTL clocks the JPK SPM Jython Console (see Section 9.5)
has to be used.
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Advanced Open the Jython console via the Advanced drop-down menu.

= Open Script The Jython console can be used to run pre-programmed macros like TTL clocks

| C_JPKSPM Jython Console > from JPK, so a detailed knowledge of Jython is not required for such operation.

[z Real Time Scan
Logging Settings
Advanced System Status

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 only in retrace (retrace) = (false, true) or

o Pulses in trace(extend) and retrace(retrace) = (true, true)
/ N TTL clocks synchronize AFM measurements and TTL Pulses. A TTL clock starts when the AFM measure-
\f ment is started by pressing the red arrow on the shortcut icon tollbar on top of the SPM software.

. . The Pixel Clock is the only TTL clock that can also be activated
Pin 6 (Pixel Clock)

directly by using the TTL Control Panel

Style |PIXEL_CLOCK_PULSE |
Leve LE\.;EL
Pulse Tlme.u TSR 100.0]| Z]

|1 PIXEL_CLOCK LEVEL
| PIXEL_CLOCK_PULSE

9.8.3 TTL Control with Force Ramp Designer™
The Force Ramp Designer™ (see Section 8.5) provides a TTL segment allowing for the use and controlling of TTL
signals in force spectroscopy mode.

¥ Spectroscopy Control

[(#wew

If Advanced mode is selected in the Spectroscopy Control panel,
| ¥ I | P ™ ; i
l v 3 AR l A% l l \\ l the Force Ramp Designer™ opens automatically (see Section 8.6).

Absolutem
Rel. Setpoint |~ || 0.4][+]v ‘

Baseline n.a.

‘ TTL ‘ Use the TTL Level/ Pulse segment to control TTL signals within a
force distance experiment.
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w Segment 0

TTL
TTL Level Segment (1)
TTL Output  |Pin 3 N
Style Pin 3
Target Level Pin 4
Fin 5
Pin & (Pixel Clock)
Fin &
Fin 10
Fin 11

Fin 13 [

Ramp Settings
Baseline n.a.
Adjust Baselinell

vl

Z Closed Loop [
£ Start Option |Continue from prewvi... v|

JITL Output Pin 6 (Pixel Clock]>
Initial Level '

(L]

Final Level

w Segment 0
TTL
TTL Level Segment (1)

TTL Output  |Pin 6 (Pixel Clock) |
Style [LEVEL -
Target Level |HIGH A|

HIGH

LOW

TOGGLE

Ramp Settings
Baseline n.a.
Adjust Baseline|1

- |

Z Closed Loop [
Z Start Option |Continue from prewi... v|

TL Output Pin 6 (Pixel Clock)

Pulse Level '
~][ " 100.0] - ms

Pulse Time

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 (see Section 9.8.1).

The Style LEVEL offers a
switch between LOW and

* Segment 0

TTL
HIGH state. Therefore the
TTL Level Segment (1) o .
Initial Level and the Final
TTL Output  |Pin 6 (Pixel Clock)  ~|
Level can be set at the TTL
Styl LEVEL - .
s | | Output (marked in red).
Target Level |HIGH -] These values define the level

state at the beginning and
end of a force distance curve.
The TTL Level

itself leads to a change to the

Segment

chosen Target Level.

The Target Level can be HIGH, LOW or TOGGLE. The current level
state will 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 leads to a level change independently of
the current level state.

The Style PULSE offers the

possibility to set pulses. The

w Segment 0

TTL
TTL Pulse Segment

Pulse Level and Pulse Time can
be set at the TTL Output (marked

TTL Output  |Pin & (Pixel Clock) |

in red).

Style |PULSE -

NanoWizard® Series User Manual

Version 6.0 171



l“ I‘ Nanotechnology for Life Sci §10 Ubuntu Linux information

Instruments

8§ 10 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.

A Please note that a simple Ubuntu update is not possible. Contact us for assistance if you
plan to update. E-mail support@jpk.com or call +49 30 726243 500 for assistance

10.1.1 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.

Do not perform LTS updates. It may happen that SPM and DP cannot be started any-
A more.

10.1.2 Basic tools and programs

ZEdoEE

The taskbar along the lower left hand side of the desktop contains most of the shortcuts that are regularly required.

I:;' Internet browser (usually Firefox)
E Console (terminal) window. Here many different commands can be entered directly.

E' Open a file browser for local folders (on this computer)
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[ Test

Computer
Home
Desktop

Documents

Downloads

Music

Pictures

Videos

File System

] Trash

Network

5 Browse Network

« [ Home jpkdata

test-2014.07.11-
13.23.38.479.jpk

File Edit View Go Beokmarks Help

Test

+_D0OX

The file browser window is designed similar to
Microsoft Windows, the data directory is displayed on
the left hand side and the selected folders shown on
the right hand side. The drop-down menus on top
allow for various editinglike changing of properties
(File menu), display options (View menu) or setting
bookmarks (Bookmarks). More information is
available under the Help menu - All Topics.

# Run Program...

B Terminal Emulator

B File Manager
= Mail Reader
(2) Web Browser

@ Settings

& Accessories
Development

[] Education

ff*] Games

& Graphics

@ Internet

[

B Multimedia

¥ Office

[ Help
About Xfce
[ Log Out

& Bulk Rename

(3 Disk Usage Analyzer

| IBus

&/ Jpk Java 6 VisualvM

& Log File Viewer

Network Tools

@ NVIDIA X Server Settings
&} Printing

& Startup Disk Creator

b

[® system Monitor

" [ Task Manager
Terminal

% Thunar File Manager
& Users and Groups
B uxTerm

$® synaptic Package Manager

E The JPK logo starts the main menu system for the Ubuntu oper-
ating system.

There are some commonly used options:
Settings to adjust e.g. display or network settings
System to find system settings

The other menu options contain program lists and small tools or ac-
cessories.

Open the Help option to find more information.

(@ o @ B (@ ek M xTerm

Screenshots of the whole monitor can be taken using the standard Print Screen key. The key combination Alt + Print
Screen takes a screenshot of only the active software window.

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 programs.

In the terminal (console) window, the screenshot can be started directly from a command. Furthermore a small program
to take screenshots can be open via Accessories - Take screenshot. This provides additional options (e.g. a time
delay). The basic command is: gnome-screenshot

To get the list of available advanced options, type: gnome-screenshot —--help-gnome-screenshot

10.1.3 Use JPK scripts with the 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.

The terminal window automatically opens the user specific jpkdata-directory. To apply a script the directory containing

To run a script, open the Linux terminal window.
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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 convert-
ed into out files, the corresponding commands are to be entered:

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
particular reference to files:

d fopt/jpkspm/sbin
/jpkspm/bin$ ./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 be-
fore the command is executed. That means, even if “* file extension” is entered (which means all files in the given direc-
tory 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 exceed-
ed. In such case the directory alone should be specified rather than the filenames.

Jjpk-legacy-export ~/jpkdata/experiment/*.jpk-force -> wildcards limitation
Jjpk-legacy-export ~/jpkdata/experiment/ -> unlimited number of files

For more information about these kinds of scripts please contact support@jpk.com .

174 NanoWizard® Series User Manual Version 6.0


mailto:support@jpk.com

9.8 TTL Control

10.1.4 User account administration

The main administration account in the Ubuntu AFM systems is jpkroot. The password is delivered with the AFM instal-
lation papers, and this account can be used to set up other standard accounts for all the individual AFM users.

#® Run Program...

B Terminal Emulator
B File Manager

(=) Mail Reader

(@ Web Browser

W Settings »

a4 Accessories ,
@ Development

% Bulk Rename

Disk Usage Analyzer
| IBus

|| Jpk Java 6 VisualVM
# Log File Viewer

[] Education " | Network Tools
fix] Games *| @ NVIDIA X Server Settings
4 Graphics " | & Printing
@ Internet " | & startup Disk Creator
& p " | @ Synaptic Package Manager
& Multimedia " |[@ system Monitor
¥ office " |[@ Task Manager
Terminal
H Help % Thunar File Manager
7.7 About Xfce ‘ nd Groups
Log Out UXTerm
EmEo @8 @ec ®Wxmemn
% Users settings ~0x
JPK jpkroot E e
JPK jpkuser

JPK service

4 Add Felete
[>x]manage Groups
(HiHelp

Account type:

Change...

Password: Change...

Advanced Settings|

ciose

& JPK jpkroot (jpkroot)

You need to authenticate to modify the system configuration

| An application is attempting to perform an action that requires privileges. Authentication
as one of the users below is required to perform this action.

Password for jpkroot

P Details

@cancel | [AUthenticate

Create a new user
Name: Test
Username: |test

Username must consist of:
= lower case letters from

the English alphabet

= digits

= any of the characters ".",

""and" "

| @Cancel | m

To create new user accounts, log in as jpkroot. User accounts creat-
ed using the standard settings do not have administrator rights — this
is more secure, especially when the AFM computer is connected to
the internet.

Use the main system menu (started from the JPK icon in the taskbar
at the bottom left of the software) to choose:

System —Users and Groups

The dialog window Users Settings shows a list of the user accounts.

Click on the button Add to create a new user account.

For security reasons, you need to confirm the account password
again when starting administration tasks.

Enter the password for the jpkroot 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.

NanoWizard® Series User Manual

Version 6.0 175



oK ...

Instruments

810 Ubuntu Linux information

& The Password section is very important. Please choose secure
Y passwords, especially if the computer will be connected to the inter-
Changing user password for: |
Test net!

® Set password by hand
Mew password:
Confirmation:

Generate random password
Password set to:

Don't ask for password on login

@Cance\ m

After the creation of the user profile it is required to click on the button
Advanced Setting in the Users Settings main window, 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

Changing advanced settings for:
Test

Contact Information | User Privileges | Advanced

v Access external storage devices automatically

Configure printers

v/ Connect to Internet using a modem internet.
Connect to wireless and ethernet networks
& Monitor system logs The Contact Information is optional, for a small group of users this
v’ Mount userspace filesystems (FUSE) is probably not required.
v/ Send and receive faxes
Share files with the local network The Advanced Settings should not be changed.

Suspend and hibernate the computer

@Cancel m

- Groups settings +0X

It is possible to control for each user the groups settings by using the
Groups available on the system:

. : option Manage Groups
|adm | ok Add

el N : Make sure that Allowed to use the JPK SPM instruments option is
avahi EPropemes

avahi-autoipd — | ON. The other settings can be chosen as required, depending what is

pelet . .

backup see installed on the instrument computer.
bin
bluetooth

cdrom

At the end, click Close to save the details of the new account.

colord
crontab
daemon
dialout
dip

KT

{iHelp L close

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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10.1.5 Network settings

[®] Messaging and VoIP Accounts
¥ Mouse and Touchpad

# Run Program... B Network Gonnections

B Terminal Emulator Network Tools

B File Manager 2. Notifications

& Mail Reader @ NVIDIA X Server Settings

(& web Browser |#) Open)DK Java 6 Policy Tool
] Orage preferences

F8 Settings

[= Panel
() Power Manager
& Preferred Applications

& Accessories

(@) Development

[*] Education *| & Printing

[l+] Games ' =] Removable Drives and Media
& Graphics " | B session and Startup

@ Internet " |$¢ settings Editor

I Pk " | & startup Disk Creator

i Multimedia " | @ Synaptic Package Manager
" office ' | [ Ubuntu One

# System ' @ Users and Groups

H Help T Window Manager

<= About Xfce [ window Manager Tweaks
B8 Log Out |8 workspaces

(B @ @ 8 [&@ ek & Xfce 4 Printing System Settings
B Network Connections + 0 X

R wired [T] wireless | "}" Mobile Broadband | @ VPN S% DSL

Name Last Used « ok Add
Wired connection 1 4 minutes ago
k
wclcse
|| Editing Wired connection 1 +0X

Connection name: | Wired connection 1
" Connect automatically

Wired | 802.1x Security | IPv4 Settings | IPv6 Settings

Device MAC address: | 00:25:90:22:68:9E (eth0) &

Cloned MAC address: | 00:25:90:22:68:9F (eth1)

MTU: 00:25:90:22:68:9E (eth0)

v{ Available to all users | @Can[el |

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:

Settings — Network Connections

The Network Connections dialog contains all the settings for the

network configuration.

Click on Wired Connections and Edit to configure the network con-

nections.

In the Editing Wired connection 1 tab, Wired Connections can be set

up (ethO or eth1 connection).

Do not modify the ethl connection! ethl is the Ethernet connection between the SPM controller and the

computer.

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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DHCP (dynamic IP address allocation)

| | Editing Wired connection 1 4+ 0 X

For DHCP (dynamic IP address allocation):

Connection name: | Wired connection 1

+f Connect automatically In the IPv4 Setting panel:
Wired | 802.1x Security | IPv4 Settings | IPv6 Settings
=  Select the method Automatic (DHCP)

EEGLLEE A jitomatic (DHCP)
Automatic (DHCP) addresses only Close the dialog with Save to save the settings and return to the

Manual Network Connections dialog.
Link-Local Only

Addresse

Shared to other computers

Disabled
DHCP client ID:
Require IPv4 addressing for this cennection to complete

Routes...

v/ Available to all users @Cancel Save...

Static IP address allocation

B Editing Wired connection 1 +0X
Connection name:
& Eannes; AiEmEEy In the IPv4 Setting panel:

Wired | 802.1x Security | IPv4 Settings | IPv6 Settings

For static IP address allocation:

=  Select the method Manual

Method: | Manual v
i — = Choose Add to set up the Addresses
Address Netmask Gateway b add
I Now the IP address, Netmask and Gateway address from your net-
Bioerete work administrator should be entered in the relevant input fields.

DNS servers:
Search domains: The required DNS Servers or Search Domains have to be added
DHCP C (from your network administrator).

Require IPv4 addressing for this connection to complete

Close the dialog with Save to save the settings and return to the Net-
work Connections dialog.

Routes.

o Available all Lise @Cancel

10.1.6 Timer

A simple electronic timer can sometimes be useful during experiments. First this small tool must be installed with ad-
ministrator 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.
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8§11  Specifications and Support

11.1 Technical specifications of the NanoWizard® controller

Dimensions: approx. W 52 cm x H 50 cm x L 46 cm

Power Input: 88 — 240 V AC, 60 Watt

Weight: approx. 30 kg

Fuses: 2 micro fuses, 20 mm x 5 mm, 2.5 A, 250 V slow blow
Environment: 15°C -30°C

Maximum relative humidity: 80%, non-condensing conditions

11.1.1 Signal Access Module (SAM)

The NanoWizard® controller can be
o equipped with a Signal Access
k ¢ A Module (SAM). The SAM allows
‘ electronic access or modification to
'l L' most of the analog signal channels
‘ that appear in the software — both
input and output. In addition, sev-
eral digital input and output chan-

a JRIC .
‘\ it nels are provided. ‘

NanoWizard® controller without SAM NanoWizard® controller with SAM

The SAM is divided into several logical blocks.
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The MONITOR connectors are analog channels that directly output the unprocessed electronic signals com-
ing from the NanoWizard® 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.

The AXES connectors output the analog signals (DAC) that drive the
Xyz piezos. These signals are wired internally to the NanoWizard® 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 I/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. Contact JPK for assistance if required, including pin
assignments of the 2 D-sub 15 input and output connectors. The digital counter inputs at the 4 BNC con-

nectors may be used for e.g. photon counting. They have a programmable trigger level.

The POWER connector outputs =15V, -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
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Connector Designation Connector Designation
Monitor 3 Not assigned IAnxes 9 Bxe. AC excitation
Monitor 4 Photosum (unprocessed) gxes 10 Axis z piezo modulation
Monitor 5 Not assigned Analog In1 | Vertical deflection or external
Monitor 6 Not assigned Analog In 2 | Lateral deflection or external
Monitor 7 AC excitation 1 (A =0 deg) Analog In3 | External
Monitor 8 AC excitation 2 (A¢ = 180 deg) 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 In 7 | Not assigned
Analog Out 3 | High-speed DAC 3 (120 MHz, 14 bit) Analog In 8 | Not assigned
Analog Out 4 lI)D.itr)ect Digital Synthesizer (DDS; 120 MHz, 14 Analog In9 | 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 0ut | 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 726243 500 for assistance.
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11.2 Technical specifications of the PC

Dimensions: approx. W 21 cm xH 47 cm x L 50 cm
Power input: 100 — 240 V AC, 230VA (550 Watt max.)
Weight: approx. 15kg

Environment: 15°C - 30°C

Maximum relative humidity: 80%, non-condensing conditions

11.3 Technical specifications of the NanoWizard® head

Dimensions: approx. W22cmxH 10cm x L 21 cm

Power input: The NanoWizard® head directly connects to the NanoWizard® controller
Weight: approx. 3.0 kg

Environment: 15°C - 30°C

Maximum relative humidity: 80%, non-condensing conditions

11.4 Support

For more information please contact:
E-mail: support@jpk.com or visit www.jpk.com
Fon: +49(0)30 726243 500

Fax: +49(0)30 726243 999
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