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Today’s goals DSERIRD,

ASYLUM RESEARCH

YOURS

- Discover or Improve your understanding on AFMs
What can | measure with my AFM? How?

OURS

- Increase our understanding on what users are doing on their daily
basis research

What are you measuring with your AFM? How?

- Understand your future needs

What will be for your the perfect AFM in 10years from now?

- If you’re not AFM user, how AFM can help you
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Oxford Instruments History [P

The Business of Science

Materials growth
and deposition

Low temperature
.. and ultra low
temperature tools

UHV Scanning Probe Microscopy and
spectroscopy, Atomic Force Microscopy, SEM

based nanoanalysis and nanomanipulation F@RD I

TRUMENTS

The Business of Science®
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Nanotechnology tools

Ultim Max: grande surface active de 40 mm?
jusqu'a 170 mm?

127eV MnKa @ 130.000 cps/s —56eV CKa @
130.000 cps/s

Quantitatif a plus de 400.000 cps/s

Cartes X a 1.000.000 cps/s

Jusqu’a 4 détecteurs controlés sur la méme
microscope

Ultim Extreme 100mm? sans fenétre
Angle solide jusqu’a 0.35 srad
Détection du lithium

Résolution de 10nm @ 1.5kV

Caméra EBSD CMOS Symmetry

CMOS et fibre optique / 5FSD

EBSD et EDS en simultané a plus de 3000 Hz
Haute résolution 1244 x 1024 pixels

I Sensible a partir de 100 pA et 5kV

Résolution angulaire meilleure que 0.05°
Nouveau logiciel de post-traitement ESBD AZtec

ICE = :

60 millions de pixels traités en quelques secondes

OXFORD |

INSTRUMENTS
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Who are we?
.I IF'
Founded 1999 by former Digital Instruments .

employees-self funded, no venture capital
120+ employees worldwide today

>1500+ customers in industry/academia
Worldwide sales & support network

Acquired by Oxford Instruments in Dec. 2012

2 persons in France for sales and
technical support
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Introduction SYLUM

What is an AFM? ESEARCH

an Oxford Instruments company

aAtomic Force MICTrOSCOpPY

Visualization tool

10 um 50.00 nm

Uses a sharp stylus
e Vs. light, electrons
e <10 nm probe radius
e Below diffraction limit

37.50

25.00

Surface topography

12.50

“Touches” the surface
e Contact or proximity to the

surface allows us to probe local : 5 o _ 0.00
material properties 0 Polymer fllm imaged in
e Mapping of electrical, magnetic, 0 tapping mode

mechanical, thermal properties



Introduction

What is an AFM?

“Feels” the surface
* Micromachined cantilever with tip
* Contact or tapping mode

Benefits of tapping mode
* Fast

* Gentle

* High spatial resolution

Spatial resolution determined by

- - i fl fl rl n n l'l |'| \\\\\\

" Tipsize : AR AR |“|,I| I | | Ih' I||'I1||,|I | III| it ||II|||I|I
* Instrument noise AHTRIEIL A L
* Drift and thermal variations ; E' — 1z
SR W4

500 nm

MDMO-PPV:PCBM solar cell
D. Ginger group, Univ. of Washington

@
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EDS /EBSD /WDS /..

Analysis of a direct band gap 2D semiconductor

violybdenum disulfide (Mo a layered 2D material similar to

araphene. However, unlike Graphene it has a band gap which make

attractive for electronics and optoelectronics. Like Graphene, its
que properties are strongly dependent on the number

it layer

ent
-
Xt 1 Instruments Layerprobe confirms the AFM imaage of the same flake usin 7 an Asvium Research Cypher
elemental comt tion of an M flake and AFM pper line profile indicates tf thers ne layer above the
sures the t} Knesses art nw wCalions ear ‘,’”..“,, ne ',|'“‘|.“‘Ilj 3tes that a ’ laver D
ng the preser e of one ersus t T

ilts on the left
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Fresh news: SRAM EDS + EFM

The Business af Science’

SRAM 30x30um.

The sample is a SRAM standard sample. The
red color is As dosed in Si (2x10/20 cm/ -3).
The second is SKPM result.
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The Business of Science

Quantification

. Spectrum 21
Spectrum 11 ~

Ca  —
Ti -
Pb |
]

Mg
Weight %

“Sortir” un résultat/une analyse

@
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Introduction

A large number of applications

Materials science / polymers
Physics and chemistry
Biomaterials / biophysics
Molecular and cell biology
Magnetics and data storage Pollen Read write head
Photovoltaics / solar / battery / energy research
Semiconductors

Cell biology

Photoconductivity Garnet

®
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AFM modes

Back to basics...

Basic

Tapping Mode /
AC Mode

\ -
==
Bimodal
Dual AC

N
Ny |
==

Force Curves —
Contact

L
© Asylum Research 2017

Voo e
== R

— v Topography VWaah SN “‘ss
Wiods v" Protein unfolding #%%884*y -
v Adhesion '
v Sample viscoelasticity

& v ..etc “ 4\\

Lateral Force ' :.’ =
Microscopy 7 LS

3 L A 500}
) l )
: &
= B -
Force Curves - Frequency i
Tapping Mode Modulation*
-500pN [L=124.83 nm| [L=237.36 nm
I ] I 1 T ] 1
] 50 100 150 200 250 300nm
Extension
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AFM modes

Highest Resolution Imaging

Calcite with repeatable,
single isolated atomic
point resolution (in water)

DNA helix

Every Cypher must demonstrate point defect resolution
during testing... So Easy ©

Patterned silicon with zoom.
Courtesy O. Gang,

Brookhaven Nat. Lab
&0 —
© Asylum Research 2017
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Some AsGa papers

. . a b
Particle Analysis " 3
Ga 2 2 2 A a_ » -Gas: E 2 2 F)
o o o 9 o 0 ‘e _eo_9o_»
e 0 0 0 0 0 PATAYAY A
o _ o _o_®
El 2 7 el 2 L . . . .
o e e ’e”
2 ) e ] t ] 2 ”
o o o o 0o @ PLILIL D
o o _o_®
.J.J.J.J.J.J > e J e
Sice-view Top-view I k

2L

0 1 2 3 4
Refative height (nm)

AFM image of ultrathin GaSe grown on the surface of
GaAs using MBE. The scale bar is 500 nm long. Labels
1L, 2L, and 3L refer to monolayer, bilayer, and trilayer

CAFM conductivity image of GaAs
quantum dots, 700 nm scan. Courtesy regions of the film
of T. Jones, U. Warwick.

’-e
© Asylum Research 2017 CONFIDENTIAL Page 17



Process status

The Bus

Os 60 s

{ Figure 1: Oxygen plasma treatment of polyethylene terephthalate
(PET) films. PET fibers coated with a conducting polymer such as
polypyrrole could be used in "smart” electronic textifes. However,
achieving good coating-to-fiber adhesion remains a key challenge.
Images of PET films exposed to oxygen plasma show that RMS surface
roughness increased with exposure time. Films processed longer than
60 s displayed surface etching and uniform nanoscale features. The
graph reveals a linear dependence of roughness on treatment time
after ~30 s. Combined with data on surface chemistry, the results
can be used to optimize treatment parameters for improved coating

300s

-

6 Wi adhesion and conductivity. Scan size 1 um, height scale 35 nm
g 5F 7 Imaged with the Cypher S AFM. Adapted from Ref. 2
~ a 3 3 ,.'

$-

£ 3} ;
£3 3
S 2§
o .

18 INSTRUMENTS

| 1 1 ! 1 1

0O 100 200 300 400 500
treatment time (s)

The Business of Science®

&@- — — — — — — — — — -

© Asylum Research 2017 CONFIDENTIAL Page 18



AFM modes OXFORD

INMSTRUMEMNTS

Electrical properties

The Business of Science

Electrical

oy \ v" Local charges

: v" Current leakage
BET — . B¢
Conductive Scanning Electrostatic v" Surface potential

AFM* Kelvin Probe Force Microscopy
v" Dielectric

breakdown
v ...etc

~ N

Fast Current Scanning Microwave
Mapping* Microscopy* Impedance Microscopy™

HV w KPFM of a charge

pattern written on
Bl

Nano Time Dependent
Dielectric Breakdown*

KPFM distinguishes Graphene and Boron
nitride on a copper substrate.

@
© Asylum Research 2017 CONFIDENTIAL Page 19



CAFEM SYLUM

Conductive AFM (ORCA™) ESEARCH

an Oxford Instruments company

Rg|ain

A =
A

Conductive
AFM™

conductive
probe

S

\ Rsample

%\/ CNT surounded by graphene on glass surbstract
bias

Conductive AFM (CAFM) looks at current

passing through the tip and sample. It generates a 4pA
current map or current-voltage spectra of the surface.

Current
Current
a0 a N

Current is measured with a transimpedance amplifier,
which converts the current signal to a voltage signal.
The amplifier gain is defined by the gain resistor.

N

-2nA-

-1.0v 05 0.0 0.5 1.0 -1.0v 05 0.0 05 1.0
Bias Bias



Datasheet Image

PV general (AR CdSe/ITO Test Sample)

Current Image
2-um scan

40 pA

30

20

CdSe on ITO imaged with ORCA™ conductive AFM at

1V sample bias. The Infinity PV Package used an

included 530nm was used to irradiate the sample with
up to 0.9W/cm2 intensity. lllumination was turned off

for only the middle portion of the scan.

@
© 2018 Oxford Instruments Asylum Research

CONFIDENTIAL

The Business of Science

AFM Characterization of . Mot

Emerging Photovoltaics Donna Hurey
Speakers

® F Ted Limpoco

Aty Ontord Instruments Asy'un Research

Rajiv Giridharagopal
2 ™e Genger Group Lab, Univeraty of Washington-Seatte
.
»
NRS o ®oa ' - <
» S ;
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Corrosion

Tags: Electrochemistry, Oxidation, Embrittlement The Busines ofSience

Corrosion’s impact

e Losses due to corrosion costs $2.5 T annually

e Impacts and :
especially from

e Estimated 15-35 % could be saved if best
practices and technologies are applied

Jobs to be done:

e Corrosion potential of materials (metals)

e Nanoscale topographic changes of bias-
dependent reactions

e Real time changes at the charge transfer
interface

e Fundamental understanding of corrosion
mechanisms

Hydrogen ,
'_em'brittle'ment .
of steel, """,




EC-AFM Imaging of Li-O, Battery Solid- QFORD

INSTRUMENTS

Electrolyte Interface/Interphase Dynamics

The Business of Science®

Anode Current Collector

Interfaces

Where Separator ’ !
Reactions and/or Electrolyte § | |
Occur = !

Cathode

what structural changes
happen inside the battery i
during charging or
discharging?

40+

A

Discharge 15+ Chargo‘ i3
Voltage

V)
30+

8 9 10

o ' 2 3 4 S5 6 7
© O Corgurwtion 201 1 Capacity (A h)

© Asylum Research 2018 CONFIDENTIAL — NanoPiC / UCCS 2018 Page 23



SRAM Memory Device

5 5 5 5 . . ®
Example Ident'fylng unexpected dopant Var'atlons The Business of Science

Jobs to be done:

e Semiconductor devices consists of segregated
regions of and silicon

e Failure occurs when there is an unexpected
variation in dopant type

e Goal: Map out to
determine failure in devices

Solution: sMIM dC/dV Mapping

(Scanning Microwave Impedance Microscopy)

e dC/dV Phase image gives charge carrier type

e Strong contrast (signal) indicates doped
regions, e.g., red is p-type, blue is n-type

e Image shows a leak of the n-type region into
the p-type region between two devices, which

may indicate failure

dC/dV phase shows possible
failure on an SRAM device



EFM, KPFM SYLUM

ESEA~RCH

Probing Long-Range Forces an Oxford Instruments company

EFM
(Velostat)

CAFM image DVD
recorded marks, 5 um
scan

KPFM
(CNTs in
Polyimide)

EFM image of CNT attached to an electrode,
5x2,5 um scan




AFM modes

And much more....

Miscellaneous

)
\aEEED

Magnetic Force
Microscopy

s o 0 0 Seeq]
[0:0..9:6:808::0.7

Electrochemical
Strain Microscopy’

~ N
% i
Nano Nano

Manipulation Lithography

© Asylum Research 2017 CONFIDENTIAL

The Business of Science

v Magnetic domains ( variable
magnetic field IP & OP)

v" Charge carrier measurement

v" Nanomanipulation

v Nanolithography

v Thermal (melting point)

v .etc

Thermal

-

Local Themal
Analysis*

5
L

Scanning Thermal
Microscopy*

Page 26



MFEM

Probing Long-Range Forces

|Hours

20

MagneticField: 196.27

© Asylum Research 2017

OXFORD

INMSTRUMEMNTS

The Business of Science”

“* %) CCINSTITUT
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Advanced AFM Modes

AFM as a Materials Characterization Tool The Business of Science

NanomechPro™

—

A/ S 2 A 1 !:-
Y 4 P { | 4
prom . ; 4
AM-FM Viscoelastic Calibrated Contact Resonance
Mapping* Loss Tangent Viscoelastic Mapping*

QUANTITATIVE:

v" Loss Tangent
(dissipation/stored)
N v Adhesion

} ; v Sample viscoelasticity

opne il ¥ Stiffness

v Young modulus
v ..etc

= - VLW \ = /
NanomechPro Sy v
“ AMFM Viscoelastic Mapping @

Cantilever Instrumented
Indentation Nanoindentation*

o
© Asylum Research 2017 CONFIDENTIAL Page 28



Spring Constant SYLUM

ESEA~RCH

Selection Guide: Nanomechanics an Oxford Instruments company

1 kPa 10 kPa 100 kPa 1 MPa 10 MPa 100 MPa 1 GPa 10 GPa 100 GPa

T IIIlIII| T IlIIIII| T IIIIIIII T lIIIIIII T IIIIIIIl T I-IIIIII| T IIIIIII| T IIIIIII| T T TTT

Force Curves
& Fast Force Maps

AM-FM —

Viscoelasic Mapping

2 N/
Contact
Resonance 40 N/m

1 IIIIIII| 1 IlIIIIIl 1 IIIIIIII 1 IIIIIIII 1 IIIIIII| 1 r||||||| 1 IIIIIII| 1 IIIIIII| 1 11111

1 kPa 10 kPa 100 kPa 1 MPa 10MPa 100MPa 1 GPa 10GPa 100 GPa

T—




Fast Force Maps of

Live Bone Cancer Cells (U2 OS)

« 50um scan, 512x256, Z Rate = 100 Hz, Setpoint of 4nN, Force distance = 2um
« The data was acquired in approximately 27 minutes.

The Business '::l-f--.';fl-.['-ft"n'i'li'l'_‘

 \We can see incredible detail of the cell extension.

* In the Fmax channel there isn’t any sign of the tip disturbing the fine cell structures
(red arrows).

ZSensor 2P Hertz Fit

Sample courtesy of MD Dong, Aarhus University

@
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AMEM

Example: Polystyrene/Polycaprolactone Blend

Topography

Indentation

Images of a thin polymer film composed of polystyrene (E~3 GPa) and polycaprolactone (E~0.5 GPa).

@
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Nanomechanical Characterization

OXFORD

INSTRUMENTS

The Business of Science®

New AFM technigues for nanomechanics have many new capabilities

* Wide modulus range (~10 kPa to 100" GPa)
* Fast qualitative imaging (down to ~10 s per image)

Quantify elastic and viscoelastic behavior conductings,

hydrophobic i
blotompanble'l‘ranspafenf %

porousfoa.m Smoldable

shatterproof

e nsoug m;";;::';.c

elastic

modulus Gl protecnve

heat-resi sfanv-

hm’

|' htwe| p
bl'“'ﬂe th'Ovhn.c

Structure

1pum

2000 Properties

2000+

1000

o T T
s 1.0 1.5 20 25 30
Modulus (GPa)
s Performance
—
[}
L =
Iif__.
| —|
L J

©2017 Oxford Instruments Polymer Characterization with Today’s AFMs

s:ra'ch—rcsnshm

su‘a““g

natural
rubber

butadiene rubber

relative
stiffness

barrier

ne

barrier he metal
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Wide range of moduli with AM-FM

The Business of Science

Bimodal AM-FM imaging covers a wide range of moduli
All samples measured with the same (~30N/m) type of cantilever

Polystyrene/ Tin/Lead Titanium/

Polycaprolactone ' T A A . Silicon
e e~
W '

3 orders of magnitude

© Asylum Research 2017 CONFIDENTIAL
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' SYLUM
IEEnV|.ronmer_1taI Control et
xample: Polymer Melting (Temperature)

an Oxford Instruments company

Melting and recrystallization of a sSPP-PS polymer film

N
=]
|

@
o
|

(&)
N
o
g
=2
©
[
9]
o
£
]
i

Advanced Scan Options

blueDrive™

. : vancead
heating, cooling

[Jcontinual Retune

[Jcapture All Data

ift Y Drift

0 nm/min 0 nm/min




The Business of Science

MFP3D Platform

L
© 2018 Oxford Instruments Asylum Research

CONFIDENTIAL

Easily the best AFM at
this price point
Supports large

samples—up to 80 mm
(100mm special)

High performance—
single scanner achieves
atomic resolution but
also

allows huge 120 um
scans

Simple to use without
sacrificing experimental
flexibility
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Asylum Research AFM family

MFP-3D Family Cypher Family

* High performance SSEA'IETD
* Greatest versatility
* Mid-size samples 625

lines per second

CdSe on Indium Tin Oxide (ITO)

C o eo
L 3 3
5 e &
{3 A
e

X

©Asylum RESearch 54 StSPM19EV Bologna 2019

* Ultra-high resolution
* [Fastest scanning
* Ease of use
* Small samples




Jupiter joins the Asylum AFM family

Jupiter is ideal for: NEW!
* Fast scanning and automated data acquisition
* Ease of use
e 200mm samples
* Automated measurements

Asylum Research commitment
* Provide highest possible AFM performance

* Support advanced research with
innovative measurement modes and accessories

* Deliver highest level of customer support!

Carbon nanotubes in polyimide Carbon black-filled polymer film Sol-gel piezoelectric thin film
@
© Asylum Research 5o, StSPM19EV Bologna 2019 Page 5,



Performance =

High Speed Specifications
* Improved productivity * Laser spot size
e Scan rates 5-20 Hz are routine * compatible with small levers

for fast imaging
* blueDrive for force control and tracking

* images in 5-100 seconds
* Large scans, rough samples

Celgard membrane imaged at 40 Hz Razor blade edge imaged at 2 Hz gl
; (3 um scan 26 seconds) (100 um scan in 130 seconds) e

© Asylum Research 5o, StSPM19EV Bologna 2019 Page



Conclusion

The Business of Science

Tapping Mode — Fast, easy, high resolution
Perfect complementary technics to SEM

Different Physical properties investigation: Mechanical,

e}

Electrical....

Watch our free online Webinar

PR

INNOVATION DAY

DECEMBER 10-11 2019
INSA, LYyown

Thank you for your attention



