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Conventional Scanning Probe Microscopy

contact mode Tapping mode non-contact mode
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Tip angstroms from

Tip hundreds of angstroms from
surface (repelled)

surface (attracted)

Constant force Intermittent tip contact  \/ariable force measured
Highest resolution Variable force measured | owest resolution
May damage surface Improved resolution Non-destructive

Non-destructive
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Functional Advances in Scanning Probe Microscopy

Not Only Topography

Electrical Magnetic Mechanical Thermal Chemical
Properties Properties Properties Properties Properties

» Conductivity » Magnetic  Friction e« Thermal

« Charge domains * Adhesion conductivity

* Resistivity « Stiffness « Temperature

« Impedance * Modulus * Melting point

» Photo-conductivity » Visco-elasticity

* Piezo-electricity  Hardness

Workfunction
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Peak Force Tapping Technology

Controls and measures force as feedback

Z motion

Resembles a
typical force
curve...
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Peak Force Tapping Mode:
e Probe modulated at small amplitudes at low frequency (1-2kHz).
e Feedback signal is peak force between tip and sample.

e Direct control of imaging forces with ultra-low set points (<100pN).

Images acquired at typical scan rates (1000’s force curves/sec).
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Peak Force QNM: Complete Solution for
Nanomechanical Characterization

Elasticity
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PeakForce QNM

Feak Force Imaging
stiffness: DMT model
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Simultaneously obtain
guantitative data:

Topography

Modulus
<10kPa—100GPa

Adhesion

Energy Dissipation

Deformation

Indentation
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Magnetic Force Microscopy

Metal coated tip

Lift Mode Lift height

P Al

MFM/EFM (Phase) Data
\_/ \_/

Topography & Magnetic Phase of floppy disc (100
amplitude um scan)
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Electrical Properties BEa= B
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electric fields
charges conductivity
surface potential resistivity

impedance
capacitance
resistance

piezo-electric

work function

Electric Field Microscopy Conductive AFM (C- MISCcrigzcl)ggy Capacit?snéil) Piezorespons?Pll-':cl)vll’)ce Microscopy
(EFM) AFM)
T ing AFM (TUNA) Scanning Spreading HV-PFM
. unneling Resistance Microscopy
. Kelvin Probe Force (SSRM) Dual Frequency Res. Tracking
KPFM & FM-KPFM ) Scanning Microwave -
) (PC-AFM) Impedance Microscopy Switching Spectroscopy PFM
(sMIM) (SS-PFM)

HV-KPFM
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Scanning Kelvin Probe Microscopy KPFM

Generates a map of electric potential of surface

Metal coated tip
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Lift

Lift Mode height
AM-KPFM /‘\\ Regular tapping mode

TappingMode AFM with ,
Amplitude Modulation potential
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Cantilever only driven with electrical forces during lift line (V¢ + V,c applied to tip).

-1 V\

When Vpc = Vgm0 Cantilever does not oscillate.

Use feedback to maintain this condition; record V.
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Peak Force TUNA

T EEBEaE Peak Force TUNA SPM Platform:

CMT Modulus Photodetector

Adhesion

Dissipation

=» Imaging mode

I =» Maps the electrical current and

Conductive AFM Rrobe > Conductivity p |
Sample

o T >Current Spectroscopy Mode
S"""“"‘”l Z] I =>» Current voltage curves

Deformation

Z po -itio/-
Force /\
A E

B
approach pV withdraw
Current [\

Time

NUANCE B R

Northwestern University Atomic and

Nanoscale Characterization Experimental Center EXPLOR’NG ’NNER SPACE




AFM Infrared Spectroscopy & Imaging: Chemical ID

Highest performance spectra with FTIR correlation
 AFM-IR monolayer sensitivity and surface sensitive measurements

 The most advanced correlative microscopy with PeakForce Tapping
modes

Broadest range of AFM modes and accessories

1550 1500 1450
Wavenumber (cm)

High performance, sensitive, AFM-IR spectroscopy <10 nm chemical imaging spatial resolution &

nanoscale property mapping and correlative
with correlation to FTIR monolayer sensitivity

microscopy
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Advances in Functional SPM: Non-Invasive Imaging
using Ultrasonic Waves
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Near-Field SPM Platform:
=» Excellent Lateral Resolution

Ultrasound source:
=» Non-destructive and Depth-Sensitive
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Science 310, 89 (2005), Nature Nanotechnology (2008 and 2009)
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Sub-Surface Nanomechanics
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Science Advances 2017: 3;e1701176, Nature Scientific Report 8 (1) 1002 (2018),
Nature Scientific Report 7, 14152 (2017)
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ACS Nano 12, 2 (2018)
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Temperature Mapping

aTemperature Mapping

nTemperature Mapping
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Bringing AFM together with Raman/PL

Silicon substrate
Amorphf:}us GElI'bDI"I Confocal Raman and TERS of the same area, graphene

oxide and CNTs
BiLe2Le3L
i Confocal Raman : TERS map
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5 ) How is it possible?...
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Tip-enhanced Raman Spectroscopy (TERS)

* Combine AFM, Raman, and LSPR effect to get nanoscale spatial resolution and surface analyte detection!

/—1 TERS Tip &

in * Confine plasmon resonance effect to nano-sized “hot spot” at tip-sample junction.

Reflection E o , . . :

Configuration - . Eaer(j]wlzes right instrument configuration, noble metal tip and substrate, and very thin (1-2 nm preferable)

w, Q pe.
Raman \\‘ Field
scatteng)g Enhancement @
Sample

L

Raman Excitation
scattering ®, 0

S

Transmission
Configuration

- Amplification of Raman signal by 1057 in TERS
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TERS and TEPL for materials research

AFM provides: Optical spectroscopy:

Topography Structure, defects (Raman)
* Adhesion / stiffness Electronic band structure (PL)
« Surface potential Mechanical strain (Raman
« Conductivity peaks shift)

« Capacitance ( charge Doping (PL and Raman)
carrier concentration) Photocurrent

* Photocurrent

TERS/TEPL
all this at the nanoscale

Available lasers for TERS & TEPL:
532, 473, 633,785
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Electrochemical Techniques (EC-AFM

. Complete solution, highly chemically inert, RT to 60C
. Bruker unique SECM capability for sub-100nm local EC and electrical measurements in liquid

Integrated sample heater and
thermocouple for temperature control

Kel-F body for Li battery research

Teflon body for GP EC researc

Vapor seal ensuring solvent
compatibility and instrument
protection

Perfusion option for bio applications

Flexible electrode connections

Model 760D Bipotentiostat

Cu Deposition on Glassy Carbon In CuSO, solution

N UANCE Northwestern

Northwestern University Atomic and

Nanoscale Characterization Experimental Center EXPLOR’NG ’NNER SPACE




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28



