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Scanning Probe Microscopy (SPM)

Conductive tip

Sample with conductive surface

Silicon cantilevers with aperture
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NT-MDT produces all hardware and software to
work with such probes at all SNOM modes.




1966-1981T RL tsBtejIsjdedj wu [ 1966) QM fp jdiezigdde®s B  tsic (1879) , C tclzip® O
(Cf) 1t8Bjdz oMCEOW fJtojdZddwy L O dqLBBW]lIs] dzd | l]59|86)Z,dZ‘.JNdZJI
19861 RL 5B W] Isj dedJ 10ckded ds fedtbs 5w j 6 | J BRY)BE 5 dz S I

In 1987, while on sabbatical, Vergil Elings co-founded Digital Instruments (DI), which bee¢
the worl ddés | eader i n the design and ma

2000,
Asailum
Researc

1988,
PSI, USA
CA, Santa

1997,
Park Systems,
South Korea

2014
Oxford
Instruments
Asylum Research,
USA, CA




Global Atomic Force Microscopes (AFM) Market Insights,
Forecast from 2018 to 2025

Chapter Eight Manufacturers Profiles
8.1 Bruker Corporation

8.2 JPK Instruments

8.3 NT-MDT Sl

8.4 Keysight Technologies

8.5 Park Systems

8.6 Witec

8.7 Asylum Research(Oxford Instruments)
8.8 Nanonicsimaging

8.9 Nanosurf

8.10 Hitachi High-Technologies
8.11AnasysiInstruments

8.12 RHK Technology

8.13 A.P.E. Research
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In modern SPM more than 40 different modes of studying the surface

Force-distance curves

S

DFL (2)

X X

Contact AFM mode Copyright © NT-MDT, 2009 www.ntmdt.com

Copyright © NT-MDT, 2009 www.ntmdt.com

Semicontact SPM i Noncontact SPM mode
Tapping mode

-10 0 10 A°

Scanning Force spectroscopy i Hybrid
(PeakForce) mode

Research environments: Air, controlled atmosphere, liquids, electrolytes,
vacuum from 10-3 to 101! torr



Physical principles of Aperture Less
Scanning Nearfield Microscopy

Laser Detecto
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AL SNOM Resolution i up to 10 nm!!!




iElectron state density and work function distribution to use Scanning Tunneling microscopy and
spectroscopy;

iThe profile of surface structures and its dependence on the pressing pressure;
ilnhomogeneity of the frictional force in the probesurface system;

iHeterogeneity of adhesion forces;

uDistribution of surface potential (Kelvin-mode);

uDistribution of electrical conductivity and capacity in the cantileversurface contact;
uDistribution of thermal conductivity;

iYoung's modulus distribution;

uDiagnostics of limits of elastic deformation;

uDistribution of undersurfaces magnetic forces;

uDistribution of piezoelectric characteristics of surface structures as for the hard and delicate materials such
as peptides nanotubes;

uThe distribution of the optical properties of the surface with a resolution significantly exceeding diffraction
limits in aperture and cantilevers aperture less neafield optical microscopy with a number of AFM modes;

uPossibility of surface modification by tension, current or electric fields actions.



NT-MDT Spectrum Instruments Product Line
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High resolution Optics Solver NANO

High resolution stand along optic.
2.5 um optical resolution.
Continuous manual zoom.

And
built-in USB camera.




NANOEDUCATOR-2 allows to obtain atomic resolution, and to
measure the sizes and properties of microcircuits and to
Investigate biological structures

Human erythrocytes, AFM IC, AFM HOPG, atomic resolution, STM
scan size 501 50 O m scan size 301 30 O m scan size 21 2 nm
: B — e




Cantilevers

AFM probes ' |
with

Conductive -
and -

Magnetic = AFM probes
coatings . with

: talibrated 2 The radius of curvature of the tip
SEM phOtO _ is about 3 nm
for each tip l'l Qj -~V
L "-‘ Y4 » " || AglAgCl electrodes 1t
- EBD Whlsker Type prObes || J'I — —> 1.5 @t
| \I\ "/ elecirolyte
\ \ {/ .

S re— \lil ;
blloidal probes T > ﬁ_i
| SThM probe_




FIRST REVOLUTION in AFM

I SEMICONTACT or TAPPIG MODE!!!

Semicontact or Tapping modes SPM strongly (by 3 orders) reduce the pressure of the tip on the object and enable to
conduct nondestructive studies (proposed by IBM engineer Christoph Gerber, real application Dr. Virgil Elings , Digital
Instruments named it as TAPPING MODE, 1993)
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TINTMDT Tapping Mode AFM OPEN the EYES FOR MATERIALS RESEARC

Spectrum Instruments

AFM studies in the TAPPING s S et R = N
MODE mode opened their eyes to S0 D, "‘ o P AT

the structure of LB films as a much
more complex object than they were
thought of and without the AFM
methods the development of
functional systems based on them is
Impossible
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The model of the B e
structure of LB

e
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films. which has At thg SPM S_olveP47 It wz_as shown tha_t th
lived in the minds atomic force image of LB films of cadmiumn
of more than 50 arahidatenas no relation to the model

years, Is not true understanding of the structure of LB films

1 domain structures



botton-up cbjective (For high optical Stablity).

Contral unit with integrated




ATOMIC FORCE MICROSCOPY
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Piezoceramic elements for sub nanometer displacement
but CREEP and HISTERESIS!!!

www.ntmdt-si.com



DECISION 1T 3D High accuracy capacitance sensors !
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Closed-loop control as used for nanolithography, scan size 1.9x1.9 O m

Closed-loop operation off Closed-loop operation on



High resolution AFM and STM of graphite structures

=
=
o
~N

The highresolution AFM image showing an Atomic resolution STM image of graphite
assemblyof singlelayer, functionalized Graphene (HOPG)
sheets

Someof the sheetsare many square micrometers

large Thethicknessof eachsheetislessthan 1 nm. Image courtesy:

Dr. Hannes Schniepp (The College of William & Mary, USA



JUMPING MODE

0 O O TSI

. US005229606A
United States Patent (9 (111 Patent Number: 5,229,606
Elings et al. (451 Date of Patent: * Jul. 20, 1993
[S4] JUMPING PROBE MICROSCOPE Primary Examiner—Jack 1. Berman

Assistant Examiner—Kiet T. Nguyen

(75] Inventors: Virgil B. Elings; John A. Gurley, both Attorney, Agent, or Firm—Donald A. Streck

of Santa Barbara, Calif.

[73] Assignee: Digital Instruments, Inc., Santa 57 ABSTRACT

Barbara, Calif. il . : -
microscope of the scanning probe variety. This de-
Virgil Elings, president, Digital I - [*] Notice: The portion of the term of this patent vice circumvents one of the serious problems of prior
gs, president, Digital Instruments subsequent to Jun. 20, 2008 has been art scanning probe microscopes, i.e. that the probe is
disclaimed. always near or on the surface of the object being
[21]) Appl. No.: 361,545 scanned, creating the danger of damaging the probe on
. the surface especially on large scans or at high scan
[22] Filed: Jun. 5, 1989 speeds. The microscope of this invention jumps the
Bl Bt OFF nissnsimnisssimiimisisaiog HO1J 37/26  probe over the surface, causing the probe to be near or
o M L T S 250/306; 250/307 on the surface during only a very limited portion of the
[S8] Field of Search .........ccceeeeunenn. 250/306, 311, 302 scan and therefore able to scan quickly over rough

surfaces without undue damage to the probe or surface.

(6] References Cited Both scanning tunneling microscopes and atomic force
U.S. PATENT DOCUMENTS microscopes employing the invention are disclosed.
4,618,767 10/1986 Smith €t al. wooocveeeecvererereeneee 250/311 The scanning tunneling microscope is shown with both
4,665313 5/1987 Wells o 250/306 digital and analog control of the movement of the
4,724,318 2/1988 BINNig ....ccccvvicrrrcrnrscssresssons 250/306 probe.
4814622 3/1989 Gregoryetal ....eeeueee 250/306
4,823,004 4/1989 Kaiseretal .verieercaaennns .. 250/306
4,902,892 2/1990 Okayama et al. .....ccooeenunennnn 250/306 30 Claims, 4 Drawing Sheets
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Basics of the Hybrid Mode
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Temporal Deflection Plot — The Bank of the Local Properties!
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Predecessors

H. Becker, et al “Stylus profiler featuring an
oscillating probe” US Patent 2728222, 1955.

V. Elings, & J. Gurley “Jumping probe
microscope” US Patent 5.229.606, 1993.

Pulsed Force (Witec), Jumping Mode
(NanoTech). Peak Force (Bruker), Anasys

Real-time Wavelet Filtering
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The properties of the materials obtained from the force curve

& NT-MDT

Spectrum Instruments

Peak Force

Adhesion

|™

i i aseline Phase
DMT fit for IV Stiffness linear Separation B = .
S (long range forces)
modulus 10.319«‘-\10“\ time .
ISC1Uat1oln
Deformation Stiffness
—_—
_— Snap-in Repulsive 2 points
e : Costact T Oscillation Frequency
. i ;
3 Amplitude Ratio
b ; \ Adhesion
Dissipation
Tad
> :
Contact "
Tip-sample Separation o Contact Time

From each power curve the following values are calculated:

I

U
U
u
U
U

The height of the relief for a given clamping force (Set Point)
Elastic modulus

Strength of adhesion

Deformation (hardness)

Energy dissipation

Quality of damped oscillations



Controller for Hybrid Mode +

PX ULTRA CONTROLLER

[Topography Memury]

Z Servo
Phase
: Lock-in 1 4 1 Tou
AC Deflection > APM Digital Lock-ins
‘. -
AM-AM - L :
Laser Amplitude/Phase
= H [Frequens-,r Servo |-(—| Phase ] e
o (e
3 E v Amplitude/Phase
= KPFM Servo
E‘ {m Lock-in &
& | Phase Shifter |<@ —r-
Shaker —_AC Drive | Ampitude/Phase )
B Cantilever
Frequency range I up to 5SMHz Use Dri
. . y g . P SCS:mpIE Tip Bias Voltage e bve
5 lock-ins amplifiers ner L €| Phase Shifter ﬁ_@_
ADC rates 7 500kHz Usc Drive + DC Servo =

ADC resolution 17 18bit
Phase noise floor 7 0,01°



Quantitative nanomechanical measurements

Ultimate spatial resolution

Topography Young’s modulus Young’s modulus..

.

HD QNM study of PS-b-PMMA. Right image demonstrates around 10 nm spatial resolution.

Braking the force limit

2 07 :
£ . 2dzy3Qa az
| O ] .
S Si:70GPa
b= , Tin:50 GPa
o .
31/ Bismuth:32 GPa
230 40 50 60

Z Axis, 10°Pa

S ntmor P QNM study of TiBismuth alloy Scan sizetOF10k Y @

Spectrum Instruments



HybriD Scattering Scanning Ne&eld Microscopy
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AD s-SNOMstudyof PS/PBDfilm demonstratdetterthan 100nmoptical resolution



LIVING stem cells
Topography Hardness
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An array of data from 180x300 power curves allows you to build a stiffness map of the
sample (right) and an image of its relief (on the left)
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HybriD Mode: loose CNT conductivity

HybriD Mode LR T

Set-point
deflection
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Baseline ‘\2’ i
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nanotubes on SIO




N
QtNmTMPT HybriD PFM: Principle of

j -

AFM Probe

b)

Applying voltage

Lateral PFM: Gating “time :-chg;Jdri\r!wZ s in “time window”
* Amplitude |<— window”, < Vie + Vic
+ Phase Signal processing ¢

Photodiode

Vertical PFM: Gating “time

Amplitude |<— window’,
+ Phase Signal processing
+ Topography _ . Pelr::I{;rEiLilr:;e XYZ Scanner
« Adhesion |<— Signal processing |-
« E modulus 9

The principle of HybriD PFM. (a) Typical curve
of the probe-sample interaction force per
measurement cycle. (b) Scheme of interaction
of a probe with a piezoelectric. (c) Method of

Nnnaratinn nf tha MmaoathnAd

Key Features:

x The supply of voltage and the
recording of the phase and
amplitude of the piezoelectric
response strictly during the
contact of the probe with the
sample

X The ability to measure at
voltages up to 150V

X Simultaneous measurement
of the modulus of elasticity,
sample probe adhesion and
permittivity

X Minimizing the lateral
Interaction of the probe with
the sample due to its removal
from the surface at each scan
point

X Compensation for beam
bending drift at each scan
point



HybriD Piezoresponse Force Microscopy

HybriD Piezoresponse Force Microscopy (HD PFM) is a novel approach for compositional study of
topography and electromechanical properties of soft and fragile samples. HD PFM is based on fast force-
distance curves measurements for each scanning point with simultaneous piezoelectric excitation. It
allows nondestructive investigation of surface morphology, piezoelectric coefficient and polarization
direction including continuous measurements under variable temperature.

a) \Z  Piezo responce Topography P|ezore_sponse Plezoresponse U S
g , | amplitude _____Phase RS5 60
|3 ‘
! e
Baseline | Ly — .
t, us TN
i )
b) I

Domain — Y4l § 8

HD PFM working principle: a) HD PFM images of triglycine sulfate crystal.

typical force-time curve; b) tip- Temperature dependence of domain structure while continuous scanning is
sample position in each scanning shown for the fist time. Scan size 81 15 um. Temperature change less then 0,1

point; c) tip-sample interaction grad/sec

scheme Image courtesyArseniyKalinin, NIMDT Spectrum Instruments, sample courteRy:
Gainutdinoy Institute of Crystallography RAS



X NT-MDT HybriD Scanning Thermal Microscopy

Spectrum Instruments

HD Scanning Thermal Microscopy (HD SThiM) allows studying local
thermal properties — temperature and thermal conductivity -
simultaneously with QNM measurements.

Topography: Tempeialie llemperattiie

SEM image of AppNano VertiSense™ thermocouple probe and compar/son of HD SThM and
AM SThM techniques. Scan size: 17x17 ym.

Fed Ul U S
W &

HD SThM study of PS-LDPE. Scan size: 10x10 um.




Thermal conductivity measurements of supported and
suspended graphene single- and multilayers

Special SThM tip works al local heater and

R areisensor Thermal conductivity map

(sensor tip temperature)
Thermal resistance profiles: supported and

suspended bilayer graphene, supported bi-
and single layer graphene.

N NT-MD | Nano Lett. 2012, 12, 2906—2911
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