Environmental and In Situ Imaging

Using th&eysight500 & 9500 AFM
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Seminar Agenda

I Atomic Force Microscopy Basics

I Design and Benefits of Keysight 7500 & 9500 AFM
platforms

I Imaging under Controlled Environments
A Atmosphere/humidity
ASample heating & cooling

AFluid imaging at solid/liquid interface

AElectrochemical potential
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Photodetector

Atomic Force Microscopy Basic

Lasar Beam

A Sharp tip (~5-10 nm radius) fixed to
cantilever is rastered across sample &
cantilever response is monitored by
optical lever.

Cantilevar

Line Scan

A Tip/Sample force held constant by -
changing vertical position of probe ? _
— Tip Atoms

A Topography image formed by recording
Dz as a function of position.

eaes
A Simultaneously collect other information 2t ees

about sample (e.g. stiffness, adhesion, . Surtaca Atoms
electrical properties).

¥ Force

A Surface measurement can be made
under various conditions and on any
material (biological, conductors /
insulators, inorganic, polymers)

Micrograph of Si tip Atomic steps of Au(111)
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AC Oscillatory AFM Madasermittent Contact

Less lateral / shear force, greater vertical force

Contact AFM Dynamic AFM

Animations courtesy of http://www.freesbi.ch/en/afmmovies
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AC AFM: Phase Imaging of Polymers

Drive Signal Detected Signal

/\/\/\/ : /\ /V\/ Before contact

Contact with hard Topography image

material dampens of block copolymer
amplitude but has IULe

little effect on phase

Contact with soft

X material effects
phase and amplitude
Phase lag related to
material stiffness

Phae iage f
SEBS block copolymer
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Essential partsasf AFM

I Sample holder / mount

I AFM cantilever probe
mount

I Optical lever / laser
detection / photodiode

T Piezo actuation XYZ
axis

I Optical access for
tip/sample alignment

T Mechanical frame
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Desigrstylesof AFM
Piezo actuation along XYZ axis

Sample scanning tip scanning combined scanning

O cantilever stationary 74
ple scanning [] T/
4% 4 Z tip scanner
777 i ,:..: ?ﬂnncr I

p T cantilever scan over sample
0 ' o 7™

D 7 'R
scanner stage ‘

Cantilever fixed Sample fixed Sample scans in XY plane
Sample moves in XYZ Cantilever moves in XYZ Cantilever moves along Z axis

oy

Keysight preferred AFM design
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Keysight500 & 9500

Atomic Force Microscope
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T Atomic Resolution with 90um

7500/9500 AFM Features

closed-loop tip scanner

' Exceptional environmental and
temperature control

' Superior scanning in fluids,
gases and ambient conditions

' Standard nose cone supports
expanded set of imaging
modes

' Outstanding electrochemistry
capabilities

- Can be combined with inverted
optical microscope and dual-
chamber glovebox
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7500/9500 AFM Environmental Chamber

I Fully sealed scanner and
sample environment

" Integrated humidity and
temperature sensors for real-
time monitoring

I Replaceable o-ring seals to
match experimental condition

I 6 feed through ports with
adapters for gas/fluid tubing &
electrical lines

I Compact design and high
stability
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Introducing the 7500/9500 Scanner

I Completely new scanner design
- Flexure based XY scanner; Z diaphragm
- Integrated photodetector

- Well sealed to accommodate environmental
studies

- > 90um X/Y, >12um Z scan range
- <0.15nm xy position noise in closed loop
- <0.03nm z noise
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ModularityNose Cones and Sample Plates

I Nose cones

AMade from PEEK polymer and quartz glass, fitted
o-ring provides liquid tight seal to scanner

AStandard nose cone enables the use of most
common imaging modes (Contact, AAC, CS-
AFM, EFM, KFM, MFM)

AAdditional modes (STM, DLFM, SMM) and
techniqgues are implemented using nose cones

I Sample Plates
ADesigned for stability and versatility

ANo delicate electronics below sample i no risk
exposure

ATemperature controlled plates offer ranges from
-40C to 250C

ASimple fluid cell accessories (static, flow-through,
closed)
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Mlcroscope:

ARigid mechanical
design

AHigh resonant
frequency

ALow thermal drift

AClean electronics

AHigh precision
control
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Controller:
ADigital FPGA-based
AHigh bandwidth /
resolution |/ Ob6s
AProvide support for all
current AFM modes
AFlexible - room for
expansion

Software:

AThe fAfaceo of t

AUnique Ul designed for every
level of expertise

ACommon tasks made easy

AProvides intuitive workflow,

AFlexibility to facilitate new
experiments
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9500 AutoDrivéptimize Parameters
Remove scanner resonances to extend bandwidth

I AutoDrive technology automatically sets
the optimal feedback gain for

Normal piezo response
= AutoDrive piezo response

AXYZ closed loop for spectroscopy &
positioning

AFeedback loop for force control

Response

i Feedback gains are set by applying
advanced control theory to our AFM

i Improved speed by compensating Frequency
mechanical resonances
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AutoDrive Set optimal imaging conditions
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