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Scanning Probe Microscopy (SPM)

Any sensor of Silicon cantilevers with aperture
lever displacement
Flex lever ] l l
Resonant
sensor
Conductive tip 100X
\/ 0.7 NA
= O 400 nm
T et
m | Optical tip 1
Sample with conductive surface .
' . , Atomic Force V
Scanning Tunneling Microscopy g s A
Microsco - : i ‘N y,
, pYy Any solid surfaces / l 12 ym
Conductive samples o v
5 Aperture —"
Scannlng Near—Fleld NT-MDT produces all hardware and software to
MinOS C Opy work with such probes at all SNOM modes.
Optical properties

Ag/AgCl electrodes

Scanning Electrochemical
electrolyte . .
Capillary Microscopy,

[-10°-1015




1966 - 1981 — N306peTenne CTM, Paccen Anr (1966), ['epa buHrur, Tepbepa Popep (1979), DpHct Pycka (M)
HobeneBckaa npemus 3a nsobpeTeHne TYHHEABHOM U SAEKTPOHHOM MUKpockonum | 986)
1986 — 306peTenne ACM (Tepa Bunur, Kpnctodep 'epbep, KeassuH KysiT)

In 1987, while on sabbatical, Vergil Elings co-founded Digital Instruments (Dl), which be
the world’s leader in the design and manufacture of Scanning Probe Microscopes (SPM:

87
DI, USA, CA
Santa Barbara

JIGHAI

Bruker,
USA

2000,
Asailum

Research,
SA, CA

1988,
PSI USA, CA,
Santa Clara

S
Park System:s,
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 SI

8.4 Keysight Technologies

8.5 Park Systems

8.6 Witec

8.7 Asylum Research(Oxford Instruments)
8.8 Nanonics Imaging

8.9 Nanosurf

8.10 Hitachi High-Technologies

8.11 Anasys Instruments

8.12 RHK Technology

8.13 A.P.E. Research
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1993,

2013,

1995,

2012,

000 «HT-MT», CromnkoRo,

R&D, npoussozactso, Poccuiicknii

“~\

Bulgaria, USA

2012,
-MAT, 3A0 HT-MAT, OcBoenne MupoBoOro pelHKa
3eneHorpaa, 3eneHorpaa, «HT-MIT» «HT-MJIT Criektpym ‘
Mocksa WHCTPYMEHTCY (HT-MJT + NT-MDT 2012,
v l Mocksa I \ Ameri(g}jr Spectrum Enstrumcnt:, Ireland + NT-MDT CHINA
NT-MDT CHINA)
| | \
\
| | \ \
\
| | \ L\ P - ~N
I I D ’ 2015,
\ ‘ 3A0 «HT-MJIT»,
I \ OcranoBmIa paboTy,
‘ \ IlomnpITKa pelinepckoro
1998, 3A0 P
Cunukon-MJIT 1 2007, il ) — ot
1992, 3aBox K ’ NanoScan
Iporon- aHTHIICBEPBI Technology >
MUDT» Jloaronpyanblii >
(B.A. Jlorunos)
>
\‘ 20086,
AVCT, >
1988, Llentp \ 3eAeHorpaa
MIePCIICKTHBHBIX ‘_ A
TEXHOJIOTHI = >
MY
2012,
MicroMasch Nanosensor, >
’ France
OcTOoHUS
2010,
MicroMasch, —
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KosiekTuB pa3pabOTUUKOB — CaMblil OIIBITHBIN Ha MI/IpOBOM PBIHKE — OIIBIT pabotsl ¢ 1989 roga

1993
I ‘ TOO «HanorexHo

CKaHupyIoLLMe 30HAOBbIE

. MUKPOCKOInbI I - L
Knaccbl ans obpasoBaHus " /
B 0BnacTv HaHOTEXHOMOrniA / mn=ad Y
¢ npu6opamu 4 e -
HAHO3abtokaTop L AKceccyapbl

IR ALSNOM,
2016 - 2017

polvSi-Technology, R,- 3-5 nm

=

THTAHHYM 2016

IS NT-MDT

Speoctrum Instrumen’



In modern SPM more than 40 different modes of studying the surface

X |

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

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

Semicontact SPM — Noncontact SPM mode
Tapping mode

Force-distance curves

-10

AO

Scanning Force spectroscopy — Hybrid
(PeakForce) mode

Research environments: Air, controlled atmosphere, liquids, electrolytes, vacuum

from 103 to 1011 torr
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TyHHEABHAs MMKPOCKOMMS 1 CNEKTPOCKOMMS;

[ TPOdMAL MOBEPXHOCTHBIX CTPYKTYP M €ro 3aBUCMMOCTb OT AABAEHWS MPWKUME;

HeoAHOPOAHOCTb CHABI TPEHMSI B CUCTEME 30HA — MOBEPXHOCTD;

HeoAHOPOAHOCTb AAFE3VMOHHDBIX CUA,;

PacnpeaenreHre noBepxHOCTHOrO NoTeHuMara (KeAbBUH-MOAR);

PacnpeaeseHe s3AeKTpUYECKOM EMKOCTU B CUCTEME KaHTUAEBEP —MOBEPXHOCTD;

PacnpeaeAeHvie TeNAOMPOBOAHOCTY;

Pacnpeaeaerre moayas KOHrg;

AMarHocTuKa NpeEAEAOB YNpYyrom aAedopmMaumy;

PacnpeaeaeHvie MarHUTHBIX CUA;

PacnpeaeAeHie Mbe303AEKTPUUECKMX XaPaKTEPUCTUK MOBEPXHOCTHBIX CTPYKTYP;

PacnpeaeseHve onTuyeckmnx CBOMCTB MOBEPXHOCTM B BUAMMOM (CMEKTPOCKOMMS KOMOMHALIMOHHOIO
PacCesHMA C MPOCTPaHCTBEHHbIM paspelleHnem A0 |10 HM) 1 VIK obaacTi cnekTpa ¢ paspeLueHnem
3HAYMTEABHO MPEBbLILAOLLMM AMDPAKLIMOHHBIE OrpaHMyeHNs (DAKHENOAbHAs beannepTypHas ONTUYecKas
MUKPOCKOMMS);

besanepTypHasa VK 1 TeparepuoBast cnekTpoCckonms ¢ MPOCTPaHCTBEHHBIM pa3pelleHmnem A0 10 HM —
KQUYeCTBEHHbIV aHaAM3 MOBEPXHOCTY;

Bo3MoOXHOCTb MO,A,VIq)VIKaLLI/IVI NOBEPXHOCTU C CO3AAHMEM N MCCACAOBAHNEM CBOWCTB HAHOCTPYKTYP



NT-MDT Spectrum Instruments Product Line

IR ALSNOM, | COﬂBEP HEKCT
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/,

polySi-Technology, R¢- 3-5 nm

-

Hogeie Tunst kautuinesepos (2015 -2016 r.r.)

Z NTEGRA-Pri
N NT-MDT © e
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O6pasoBaTenbHbin npoekt CTAPT

MHnumnaTtopom npoekrta rno UCnorb3oBaHUK CKaHUPYIOLLNX 30HO0BbIX
MMKPOCKOMOB B LUKOSAX, Kosnemxax, BbICLUMX Y4EOHbIX 3aBedeHNSIX
bbin naypeat Hobenesckon npemumn no pusmnke >Kopec VieaHoBuY
Andepos. Naes okaszanacb XX13HeCNoCobHOM 1 MONynspHOMN.

Paspabotkm npubopoB Hadanucb ¢ 2002 ropa.
[MocnegoBatensHO 6ObISI0O  BbIMYWEHO TPXM  MNOKONEHUS
npMbopoB 3TOro Tuna. Yxe BTOpass Bepcusi NpudopoB —
HAHOJ3OAbKOKAPOP-II Bowsia B COTHIO NyYLWNX MUPOBbLIX
pa3paboToK.

Y4yebHo-uccnegoBaTenbCkMn nabopaTtopHbI KOMMSIEKC
HAHO3OKOKATOP

ycTaHoBIieH B bornee yem 80 BY3ax, n 320 wkonax B

Poccuu v 3a pyBexom. @ [ﬁ]sﬁ

& B HacTosulee BpemMsi co3gaH 3-1 BapuaHT 3TUX NpUBopoB C
MOLHbIM MHTENNEKTYanbHbIM HaNofIHEHMEM Ha 6ase
anropuTMOB NCKYCCTBEHHOIO MHTESNSEKTA, MNO3BOMSAOLWMN
COCPEeaOoTOUNTb BHUMAHNE yYalWMXcsl He Ha MeTOoAVKE U
npubope, a Ha NpegMeTe UccrnegoBaHUa UccregoBaHUd —
Brnonornyecknx npenaparax KrneTok, BUpycoB, Mosiekys. Ha
CBOMCTBax uUccrieayemMblx MaTepuanos.
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Consep-HAHO — HoBas reHepaumna HAHOS1bIOKATOPA -BroaKeTHbIM CKaHUPYIOLLLMM
30HA0BbIN MUKPOCKOM C Pa3BUTbIMWU ONMUUAMU TYHHENbHOU U aTOMHO-CU10BOM

MNKPOCKOMNUU

HOPG, atomic resolution, STM
scan size 2x2 nm

scan size 50x50 um
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A =

MOMHQA pewiemxa L Knemxu Kposu. MazHumHsble CepebpsaHobie Cmecob nonucmupeH

BOITT. - Pazmep cKaHa domeHbl HXM/. POBOSIOKU. noausmMuneHa.

Pasmep ckaHa 4 x4 PZ AE e CI.{CIHCI 50x50 MKM. Pasmep ckaHa Pasmep ckaHa  Pa3mep ckaHa 20x20

HM. s g e AM ACM 30 x30 MKM. 4 x4 MKM. MKM.

KoHmakmHaa ‘ y g AM MCM AM ACM HybriD memoo ACM
AM ACM

namepansHaa ACM

[lonyyeno Ha
mprOoOpax
COJIBEP-HAHO

®1yopoasiKaHsI. C60H122 Ha BOM.

Pasmep ckaHa 500 x500 Hm. Pasmep ckaHa 250 x250 Hm.
AM ACM AM ACM
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HAHOTEXHONOIMYECKOE
OBUWECTBO POCCHH

v Nt >
m@m STH heost wm@
AN Araradscer \5 Ntegpq

NTEGRA I

Topography Memory]

- Phase
| AC Deflection (o (— Digital Lock-ins )
A b-mc(lgein3
© Laser AM-AM Amplitude/Phase
YacrorHbIil nuana3on 10 SMHz g >
e :g Amplitude/Phase
5 npeaycunuteneu §€
& -Phase Shifter —> Soor.
ADC ckopocts orpadotku — S00kHzZ L @c Ore | ampiceiphace

ADC paspenienue — 18bit Cantiever

Sample

[Iym das3er o — 0,019 scamer c

Tip Bias Voltage

e
Uac Drive + DC Servo

Phase Shifter

e l

Uac Drive
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5X5 nm, HOPG

8x8 MKM

diphenylalanine peptide

nanotubes
[lenTnaHblE HAHOTPYOKM

AdeHnAanaHmHa, 8X8 MKM.
PacnpeaeneHvie
AVISAEKTpPUYECKOM
MPOHULIAEMOCTU

VEGA — ACM aas 60AbLLMX o6pa3uos

<30 nMm

o

Diphenylalanine (FF)
0
:\.)Lon

CroneunmalibHO pa3paboTaHHaAs OITHYECKas
cxeMa  00JajaeT  caMbIM  HH3KOIO
3HAYCHUSA YPOBHSA CIIEKTPAJIbHOM
IJIOTHOCTH Imyma (25 (])M/\/Fu) TaTyYnKa
OIITUYECKOU CUCTEMBI pErUucTpanuu



ATOMIC FEINEE MICROSTORY

Scanner X, Y, Z

| e
L |
i
N,
] I X| (¥ S | SPM
s 0
% £ Processor
& v
SPM \»\
processorr Q\
I Coarse approach Photodiod
otodiode
SCrecw

Piezoceramic elements for sub nanometer displacements,
but CREEP and HISTERESIS!!!

www.Nntmdt-si.com
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Shectrum Instruments NHcTpyMeHTa/IbHBbIE apTe(paKkThl, CBA3aHHbIE ¢ KOHCTPYKLMEH CKaHepa

Co0cTBeHHasI HEJIMHEMHOCTh CKaHepa

NCKA2KCHUSA
OTHoCHTEIbHOE Kpun \
YIJIMHEHUE / |
S A T T ' l - -
l'l.l‘l'|. o manil llllll
§ LS |l‘llll
DJIEKTpU4ecKoe A St enn EEE vy '/
g > g u au il LU I Sy
IoJie 7 E o .'|.|.l . | . |'|'l'l' .
o (3 "B
g psunuesy 5 8BS e NJIOCKOCTH KPpHII NPOABJIAECTCA

NPH nepeMeileHuy Wi
B niaockoctu XY coOcTBeHHAasi HEJIMHENHOCTDh MaCIITA0UPOBAHUY 00JIACTH

IIPOABJIACTCH B HCPABHOMCPHOCTH HIara CKaQHUPOBaHMUSI.
CKaHUupoBaHuda. B Z HanpasiieHuM cOOCTBEHHAA
HEJIMHEHMHOCTH Oy1eT NPUBOAUTH K MOTPEHIHOCTAM
IIPU U3MEPEHUH BBICOTHI MUKpOpeIbeda
IOBEPXHOCTH.

Tepmuueckuu gpend
KomMnoueuTo ACM http://afmhelp.com/

Nckaxenne ACM-u300pakeHus
O0axkTepuu u3-3a apenca



DECISION — 3D High accuracy capacitance sensors !!!

CkaHupoBaHve obpastiom  CKaH1poBaHye 30HAOM
HenunHenHocTb, XY
- <0.1% <0.15%
(c paTunkamm obpatHOM CBA3N)
0.06 HM
0.04 0),
YpoBeHb WwymMma, Z C patymkamm 0.06 HM (TUAn4HO) (TnNnyHo),
(CKB B nonoce 1000 0o A 0.07 HM
)
be3 patuukoB 0.03 HM 0.05 HM

O NT-MDT



Closed-loop control as used for nanolithography, scan size 1.9x1.9 ym

Closed-loop operation off Closed-loop operation on




High resolution AFM and STM of graphite structures

an

showing

assembly of single-layer, functionalized Graphene

sheets.

image

AFM

The high-resolution

Atomic resolution STM image of graphite

(HOPG)

Some of the sheets are many square micrometers
large. The thickness of each sheet is less than 1 nm.

Image courtesy:

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



Graphene in different atmospheric conditions

AFM topography

In ambient After heating In toluene
conditions above 100 °C vapour

D.W.Horsell, P.J.Hale and A.K. Savchenko, Microscopy and Analysis 25(1), 15 (2011),



Nanomanipulation of graphene flake by AFM

Successive steps in multilayer graphene folding

Graphene (multilayer) folded in successive steps (image 3, scans a-d) by an AFM cantilever. The graphene is attached
to a silica / silicon substrate. The degenerately doped silicon is separated from the graphene by 300 nm silica.
Between each fold, 10 V is applied between the silicon and the tip held at the centre of the graphene crystal. After
folding, a ‘ghost’ of the graphene is left behind (see white highlighted region in scan (d). This is from charge built up
in the silica from the applied voltage: charge from the tip is dispersed across the conductive graphene crystal then
charges impuirities in the silica. Even in ambient conditions, this effect lasts for several hours.

D.W.Horsell, P.J.Hale and A.K. Savchenko, Microscopy and Analysis 25(1), 15 (2011),



Basics of the Hybrnid Mode

Predecessors

f‘r;; = 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

H (NanoTech), Peak Force (Bruker), Anasys

Temporal Deflection Plot — The Bank of the Local Properties! Real-time Wavelet Filtering

© g
4\ D A A g
3 A
£S & :
(=% 8 = 5 \
3% -
e b T e e e T
, = — -
. baseline , g 8 |
5 ¢ . |
§ - |
e - ?
“y > t :
(4} . 4
( 1 CyCIC at 0.5 = 3.0 kHZ QIQ—M.A“'-».—-»M“
LINT-MDT ¢ ® . www.ntmdt.com
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HybriD Mode: loose CNT conductivity

HybriD Mode f topography | ,, stlfths§ = g =
- » od . -~ =i, 5 & A

-

M
T—

3

Force

'\ Stiffness

Distance

Set-point
deflection

e o — e —
O

-

5

Baseline \‘2/ ‘ |
! Adhesion

%
& (7 A

1x1um
Complex study of
”loose” carbon
nanotubes on SIO,




Cantilevers for

ONT-MDT thermoconductivity

Spectruminstruments Z

SThM Probes

Conventional APPNANO

Technology
Tip ROC (nm) 100 nm > 50nm
Lateral Thermal Resolution 100 nm up to 20nm
Thermal Sensor Thermistor Thermocouple
Location Near the Apex At the Apex
Maximum Temperature 160° C 700° C plus

_>Thermocouple

X

Thermistor | Heater

reastrenTets R —



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 Tempeialiie ilemperatie

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

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




Thermal conductivity measurements of supported and
suspended graphene smgle and multilayers

T, 31 )—..--\__,_..-‘" 1 ,'r.'ﬂ| |
Zaol" | i gé
= = BLG \ /’\J trench ,4‘:::
x 27 X /| 23
@25 — 0
100 200 300 400 500
X (nm)

~3n3 -
=333
o 398 Single layer
—2<Clgraphene (SLG) Bi-layer

el 7w e :,;_,322 graphene

||| Sisubsiate | ||| %316 (BLG)

®an

Special SThM tip works al local heater and 100 200 300 400 500 600
temperature sensor Thermal conductivity map X (nm)

(sensor tip temperature)
Thermal resistance profiles: supported and

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

Direct Nanoscale Imaging of Ballistic and Diffusive Thermal
Transport in Graphene Nanostructures

Manuel E. Pumarol " Mark C. Rosamond Peter Tovee,” Michael C. Petty,” Dagou A. Zeze,"
Vladimir Falko,” and Oleg V. Kolosov™

"Physics Department, Lancaster University, Lancaster, LAl 4YB, United Kingdom

N
l‘.’ NT'MDT *School of Engineering and Computing Sciences, Durham University, Durham DH1 3LE, United Kingdom Nano Lett- 201 2, 12, 2906_291 1

Spectrum Instruments
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But to use it correctly to have perfect results it need

you need to optimize at least 4 parameters:
» Amplitude of probe oscillation (A,);

» Feedback set point (SP);
> Integral feedback coefficient (k;)
»> Speed of scanning (V) ;

And 2 additional parameters:

* |P — Low Pass filter band;
* k, — proportional feedback gain



,

¢. & - " y ¥

‘ Mges; g Scan [ronic™ -

s\' frOm raDUlSIOn s R 9

‘*:z:?ﬁ*““'oﬁ ’ Artificial Intelligence to AFM

.-

b’ AR "

.
o ol

Straightforward for beginners
riElEiul e ©x<peris

www.Nntmdt-si.com



Selection of initial parameters for optimization

e P e e

—
e

e

Initial

~

S~
SN

~N
2,

Information

1J ScanAdjusterD... - O X

Scan procedure is over. Please, select the
sample features and save adjuster's parameters

Sample features:
Roughness: Mid Y
Stiffness: Low >
Stickiness: High v
uts>
<I® probe> NsG104 _
<1D onance Static charge: | Semiconductor v
<ReS
~quality”
~stiffness? % Comments:
>
(/P\’Obe\e/featur tgz1
«53 ity > 8
X’s'\7_€7
X,DO"“LC’
Y’s‘\ze?
y_points
~Roughns Save XML [[] save Excel Manual
tiffne
(Sgt\'\ck'\\"e [Jsave Excel
~Static
Save

>5.0 </Argument>
5-(:’</Lir,-,Max>
0</|_|'rr”v”n>
'/Step>
0</Defaylts
£>0.0</st5

rtDefa
0.0</Sta+ ult>

Forw>

).8</Argument>
</LimMax~
</LimMin~

ptep >

~/Defaults

0.0</Start
Defayl
0</StartFory~ =

</Range_1="= o

831117275607205/</MaXAng\e_Heu;
b jght>

< r_Helgh .
7052254/1</Ang\e_HeugI:‘t;ght>
312594191</Rough‘
3913</R2,Mag>
5</perc_Phase>

Mag> - s _Height>

erc_h_!
,p1ss735367
5</perc 11297

P .
. Training

/ Training Based on the backpropagation

/ method using the BFGS algorithm

(Broyden-Fletcher-Goldfarb-Shanno)

The search for the minimum of the objective
function is performed, which makes it possible
to adjust the optimal synapse weights

Way
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A5
KV

HAHOTEXHONOMMYECKOE

DakTopbl 1 MaPaMEeTPbI, BAUSIOWME Ha BLIOOP 30HAQ M MapaMeTpPOB
CKaHMPOBaHMS

=

-ynpyrve CBOMCTBA:

AYAb tOHra E

EAEA YNPyrov AepopMaLiimM €y,
F€3VOHHbIE CBOMCTBA
AEKTPUYECKMe CBONCTBA: O
aTUCTMKA MOBEPXHOCTU:
poxosaTocTb: RMS

A pacrpeaereHms ©

PULMEHT xecTKoCTU Haakm k
OHaHCHas YacToTa W,

MHa KaHTMAeBepa L
03pduLmeHT 105

aAMyC UrAbl

FNE MapaMETPbl, BAXXHbIE AAA
€THOIO MPUAOXKEHNA

peAeA ynpyrov AepopmaLimi 30HAa

Halm xeAaHus.

MeToa ckaHMpOBaHWS
PaspelueHne

CKOpPOCTb CKaHWMPOBaHWS

Cung Bo3AENCTBKA Ha obpasell

Obpase

= [[Som

HaHCHbIE YaCTOTbl Wy, Woy, Woz
potHocTb Qx, Qy, Qz

l<: KaH




Scan Tronic: Examples of application

Al — Schronic!!! Exerienced AFM specialist

'.'."r‘ : ..c-.' \v’

e , -

Tip after manual
invasion

. » » ‘_) ‘,
-~ ",': "’.500 nm,

Al, O, - “Grater” sample for tips.
Left — topography, ScanTronic used, right — manual attempt to adjust scanning parameters



Al — ScanTronic!!!
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S E antomici

4x4 mkm | 5% 15 mkm

@iioicied dye on mica,
Topography in fashion in semi-contact mode Iin ScanTronic mode
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k-\

2x2x0,3 um
Collagen 1s the main building material for connective tissues. On these images you can
see the bunch of rabbit collagen fibers. On right image we can clearly see the periodic
structure of these nano-ropes. Period size is ~50 nm. Image was done in liquid
conditions by means of HybriD Mode. Image by Craig Wall, NT-MDT America




Fast Scan

| | Hz. EB Error RMS 1% g‘_
o
Fastest Scaner. =
: ) o
Max Scan Size XY/Z, um: 90x90x4 +=10% ’ =
10 Hz’ F.B Error R[\‘/IS 2% o
. ¥R ! o
Line speed: 2 mm/sec e N
o
-
o

AFM image of collagen fibers.

1024x 1024
Seam size 90 0 ESkE
N NT-MDT

Spectrum Instruments




NTEGRA Spectra in Upright, Inverted and Side illumination

Ligh
. . : % excitationgl;ﬁt)ll_e@n = Turn i -CCID IS
Light input from side (with — T ]
scanning mirror) ‘ - B oo,
XYZ scanne b1' 00;.( probe [ grating 3
laser spot {r=——_RIECUVE O rmirror

Laser

Top optics
(LED illuminator & camera)

stage

:| Il Polarization \

W - 488nm

W - 514nm

W - 633nm

Light input from top (with
scanning mirror)

Optical AFM (AFM probe + 100x
objective on the top)

XYZ sample stage
(bottom illumination
objective inside)

NTEGRA Spectra

Light input from bottom (with
scanning mirror)

Bottom optics
(LED illuminator & camera)




MpuHuun paboTbl

Beam splitter

CL scanning
mirror

€L
scanning
mirror

Objective )
Probe

Objective

=T

Scanner

CL scanning
mirror

PMT Spectrometer
| o
Q.
I N I <
=
| — ]
Grating 1 @
Grating2 @
Reflection module Grating3 @
Echelle grating O
Laser

Confocal modul

* True confocal design. Motorized confocal pinhole.
* Diffraction limited resolution guaranteed (e.g. 200 nm for blue laser, immersion optics)
» Extremely high optical throughput (~70-80 % for spectrometer, ~40-50% sample-to-detector)

* Fully motorized laser change (up to 3 / 5 lasers). UV — VIS — IR region
 Fully motorized: polarization optics, zoom beam expander, pinhole, 4 gratings

» Can be equipped by fastest and most sensitive detectors available (FI/BI CCD, EMCCD, DD-

@@ .clc.)

« Zoom beam expander — to guarantee diffraction limited laser spot to every objective
 Three optical ports for detectors: two in monochromator, one in separate channel




Sample: SWCNTs, Raman spectrum of nanotube bundle

Grating: 600 lines/mm

30 intensity, 103Counts
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Intensity distribution of different Raman bands &
AFM topography image of individual NT bundle
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RBM-band Dinioand G - band G*- band AF/\;nheigAFM phase

Integration time: 100 ms / point. 50*150 points.

Total spectrum was acquired at each point of the scan. After measurement, different Raman bands are
chosen and their intensity distribution is analyzed. All the images (AFM + all Raman maps) can be obtained
simultaneously, in a single experiment, without any moving of the sample or objective




Nitrogen vacancy color centers in nanodiamonds
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Observation of nitrogen-vacancy (NV) color centers in discrete detonation nanodiamonds

(a) AFM topography image; smallest particles observed are discrete isolated nanodiamonds of ~5 nm size. (b)
Confocal fluorescence map of the same sample area; nitrogen-vacancy luminescence from isolated
nanodiamonds is clearly seen. (c) Luminescence spectrum of individual NV center in a 5 nm crystal host.

C. Bradac et al., Nature Nanotechnology 5, 345 - 349 (2010)

Image Credit: A/Prof. James Rabeau, Quantum Materials and Applications group,
Department of Physics and Astronomy, Macquarie University (Sydney, Australia)



Wavelength dependence of TERS enhancement,
graphene on Si0O2

Laser: 200
633 nm, 532 nm, 473 nm

Away from tip

On tip, 473 nm laser
On tip, 532 nm laser
On tip, 632.8 nm laser

Tip: Au coated cantilever
160 -

Mode: Non-contact
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Graphene, AFM + Raman spectroscopy of Raman scattering
A single scan - a lot of data

Lateral Force Microscopy Electrostatic Force Microscopy Force Modulation Microscopy
(friction) (charge distribution) (elasticity)
v Tt :S; A

— | |ayer

= 2 |ayers

Capacitance Microscopy AFM Topography Scanning Kelvin Probe Microscopy
Size: 30%¥30 um (surface potential)

3B

Raman Map, 2D Band position Confocal Rayleigh Microscopy Raman Map, G-band Intensity



Graphene scales on SI/510;,

Yewyiiku rpadena Ha Si/SiO,

—— Multilayer
— Single layer

Inensity

1500 2000 2500 3000
Raman shift, cm™

UHoeHcusHocmeb 2D nosocsl PamaHoeckul criekmp

The intensity of the 2D-band
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Graphene on S102/Si: AFM topography and single point Raman spectrum

19.7 1F:Height1 Crop "
5 3 I
n
3

......

lopography

600 800 1000 1200 1400
3 G :

0 500 1000 1500 2000 2500 3000
1/em
(=1
[=]
=
o
S
=
(=]
(=]
=]
o
(=3
@
o iAo s v
S
O L i s e s s s e
0 500 1000 1500 2000 2500 3000
1/cm
(=1
=}
hA
o
S
o~
i
(=1
[=}
]
\
[= |
= A
o v € o, s :\‘\« -
o
B e e i R e s s e s e e S
0 500 1000 1500 2000 2500 3000
1/cm

30x30 um AFM (topography) and Raman spectra.

512x512 points. Laser power ~8 mW. 473 nm laser. 0.3s exposure time



Graphene flakes: AFM & Raman microscopy
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Intensity, a.u.

M

Raman spectroscopy of graphene flakes

i ——— i From: Davy Graph et al., 2006
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NTEGRA Spectra Data measured: P.Dorozhkin & E. Kuznetsov, NT-MDT
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AFM [HERS cantllevers HYBRID regime

Area 2x2um -Area 2%2um ] Area 2x2um B Area 2x2u -
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2 AFM topogr‘

.

= TERS (D band) - AFM topography

Typical resolution we obtain: ~ 10 — 40 nm.



Resolution: ~ 50 nm

S.S. Kharintsev, G. Hoffmann, P.S.
Dorozhkin, G. de With, and J. Loos,
Nanotechnology |8 (2007),
315502

Chan KL, Kazarian S.G., Nanotechnology 22,
175701 (2011)

N NT-MDT

Spectrum Instruments

TERS of Carbone Nanotubes

Resolution; ~ 100 nm

. -
- - s

Resolution: <14 nm

Chan KL, Kazarian S.G., Nanotechnology
21,445704 (2010)

0 200 400 600 800 nm

S. Kharintsev, G. Hoffmann, A. Fishman. & M.
Salakhov J. Phys. D: Appl. Phys. 46 (2013)
145501

M. Zhang, J. Wang, Q. Tian, Optics
Communications 315, 164 (2014)



Gated Graphene on SIO,
Real(Reflection) for A= 10.6um Sample schematic

-60V i OV O‘V Single layer

Graphene Ay @

* 4 minutes per
Image
* 10nm resolution

* Tip launched
plasmons clearly
respond to V,

What about Amplitude and Phase7
K The Nano Raman can do that too!

Sample provided by Xu Du (SBU), measured on nR/NTMDT, lab of Prof. Liu, (SBU)
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PUBLISHED ONLINE: 4 APRIL 2010 | DOI: 10.1038/NNANO.2010.44

Carbon nanotubes degraded by neutrophil
myeloperoxidase induce less pulmonary
inflammation

Valerian E. Kagan'*, Nagarjun V. Konduru', Weihong Feng', Brett L. Allen?, Jennifer Conroy?,
Yuri Volkov3, Irina I. Vlasova', Natalia A. Belikova', Naveena Yanamala*, Alexander Kapralov’,
Yulia Y. Tyurina', Jingwen Shi®, Elena R. Kisin%, Ashley R. Murray®, Jonathan Franks’, Donna Stolz’,
Pingping Gou?, Judith Klein-Seetharaman*, Bengt Fadeel®, Alexander Star? and Anna A. Shvedova®
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Figure 4 | Biodegradation of nanotubes in neutrophils evaluated by infrared and Raman spectroscopy. a, Vis-NIR spectra showing biodegradation of
nanotubes and lgG-nanotubes by human neutrophils after O, 6 and 12 h. O.D., optical density. b,c, Raman spectra (excitation, 473 nm) recorded from
different areas of neutrophils containing IgG-nanotubes at 2 h (b) and 8 h (c). Inset shows bright-field image of the neutrophils with engulfed IgG-

nanotubes. The Raman spectra (red lines) with their corresponding G- and D-bands recorded from different areas of neutrophils are indicated by the cross-
wire on the bright-field images.



Aperture Less Nearfield Optical Microscope Head (s-SNOM Head) with IR lens
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L] NT-MDT NTEGRA IR

Detector
IR laser

Objective

NTEGRA IR principal scheme

* IR microscopy and spectroscopy with 10 nm resolution
* Wide spectral range of operation: 3-12 um
* Incredibly low thermal drift and high signal stability

* Versatile AFM with advanced modes: SRI (conductivity),
KPFM (surface potential), SCM (capacitance), MFM (magnetic
properties), PFM (piezoelectric forces)

* HybriD Mode - quantitative nanomechanical mapping

* Integration with Raman (optionally)



Bipolar transistor (Si) Skew plate with a planar p-n-p transistor
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The electron microscope
basically distinguishes
materials ...
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EHT= 500kV  Signal A= InLens Date :12 Jul 2004
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Image No.: 24 Sample No.: 1 Tool: SEM
Lateral pnp transistor, edge - Panorama with trench
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Optical Image

1664 AFM-IR spectra and IR imaging shows
' variation of IR signal at different sites.
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