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Mikpookormrio Arouikn¢ Auvaunc
Atomic Force Microscopy AFM

'@ Vssics Binoa. HAEKTPONIKH MIKPOZKOMIA, ®-277




Mikpookorrio Atouikn¢ Auvaunc
Atomic Force Microscopy AFM

* Eicaywyn
« Apxn Acitoupyiacg / Avatouia AFM

AANNNAETTIOPACEIC UE TNV ETTIPAVEIQ

Tpotrol Asitoupyiac Tou AFM

[ewpeTpia akidag kal Mop@oAoyia EtTipaveiac

E@appoyeg
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Mikpookorrio Arouikng Auvaunc
Atomic Force Microscopy AFM

OTrTIKO HIKPOOKOTTIO

~ 1700 1942

HAekTpoviki MikpookoTria Zdpwong
Scanning Electron Microscopy (SEM) 419g1

2apwrtikA MikpookoTria ZApayyag
Scanning Tunneling Microscopy (STM)

1931 1986
HAekTpoviki] MikpookoTria AlEAEuong Mikpookotria ATopikig AUvapng
Transmition Electron Microscopy (TEM) Atomic Force Microscopy (AFM)
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Mikpookorrio Atouikn¢ Auvaunc
Atomic Force Microscopy AFM
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Mikpookorrio 2Zapwonc¢ ue AKioa
Scanning Probe Microscopy SPM

AAANAeTTIOpOON PETAEU AKIOAG KAl ETTIPAVEING OEIYMATOG

1. ZapwTik MikpookoTria

; 4. MikpookorTria
Zupayyag

MayvnTiknig
Auvapng
1‘//" .‘ l.
|: AFM Sy
2. Mikpookotia =~ SR , 5. AMec péBodol
ATOMIKAC | -
AUvapng e

3. MikpookoTria |
MAEUPIKIC ‘

Abkaniric MéBodo1 o1 omroieg Bacilovral

oTNV oApwon Tng EMQPAVEIQS e
OIQQOPETIKES TPOTTOTTOINOEIC N
KaBepia atrd auTég
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Mikpookorrio 2Zapwonc¢ ue AKioa
Scanning Probe Microscopy SPM

STM scanning tunneling microscope Family of SPM
AFM Atomic force microscope

FFM (or LFM) (Lateral or Friction) force microscope
SEFM Scanning electrostatic force microscope
SFAM scanning force acoustic microscope

AFAM atomic force acoustic microscope

SMM scanning magnetic microscope

MFM magnetic force microscope

SNOM scanning near field optical microscope
SThM scanning thermal microscope

SEcM scanning electrochemical microscope
SKpM scanning Kelvin Probe microscope

SCPM scanning chemical potential microscope
SICM scanning ion conductance microscope

SCM scanning capacitance microscope
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Mikpookorrio 2Zapwonc¢ ue AKioa
Scanning Probe Microscopy SPM

AAANAeTTIOpOON HETAEU AKIdAG KAl ETTIPAVEING OEIYMATOG

2.apwTIKN MIKpooKoTTia 2payyag
Scanning Tunneling Microscope (STM)

MikpookoTria AToOMIKAS AUvaung
Atomic Force Microscope (AFM)
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Mikpookorrio 2Zapwonc¢ ue AKioa
Scanning Probe Microscopy SPM

. 1981 - Swiss scientists Gerd Binnig
and Heinrich Rohrer
. Atomic resolution, simple

« 1986 — Nobel prize

y-piezo Coarse positioner

(the louse)

FORTH/IESL/TCM . . . .
@ Vassilos Binas Chen: Introduction to scanning tunneling microscopy, 1993




Mikpookorrio 2Zapwonc¢ ue AKioa
Scanning Probe Microscopy SPM

XPNOoIJoTToIoUVTal YIa TNV HMEAETN
ETTIPAVEIWV KAl VIO TNV MEAETN TWV
I0IOTATWY TOU UAIKOU OTn TAEN
MEYEBOUC £WC HEPIKA UIKPA
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Mikpookormrio 2apwong ue Akida
Scanning Probe Microscopy SPM
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Mikpookorrio 2Zapwonc¢ ue AKioa
Scanning Probe Microscopy SPM
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Mikpookormrio 2apwong ue Akida
Scanning Probe Microscopy SPM
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Mikpookormrio 2apwong ue Akida
Scanning Probe Microscopy SPM

Baoikég ApXEG
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Mikpookormrio 2apwong ue AKioa
Scanning Probe Microscopy SPM

Baoikég ApxEg
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Mikpookormrio 2apwong ue Akida
Scanning Probe Microscopy SPM

NMapadeiypa

Fig. 1.4. Example of an STM image with atomic resolution. The image shows an atomic-resolution
image of the 5 x 5 reconstruction of the Si(111) surface. Individual atoms, defects and vacancies are
visible. Reproduced with kind permission from Dr. Randall Feenstra.

'@ Vssics Binoa. HAEKTPONIKH MIKPOZKOIMIA, ®-277




Mikpookorrio 2Zapwonc¢ ue AKioa
Scanning Probe Microscopy SPM

Avaykeg

MN aywyipa deiypaTa

AovnTikég TTapepBoAég (Vibrational interference)
QuoikEG (OKOVEC Kal pUTTOI OTTO TOV QEPQ)

& XnNMUIKEG BPWHMIES (XNHIKA OPACTIKOTNTA)
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2APQTIKH MIKPOZKOIIA ZHPAITAZ
SCANNING TUNNELING MICROSCOPY (STM)

Avaykeg

AvAyKnN YIO TNV KATOOKEUR EVOG HIKPOOKOTTIOU TO OTToio O TTapEXEN
artouIK avaAuon Kai o€ JN aywylipo deiypaTa

« AovnTtikég TrTapeuBoAég (Vibrational interference)
« Quoikég (OKOVEC Kal pUTTOI OTTO TOV Q€Pa
o & XnMIKEG BPpWHMIEG (XNMIKA OPACTIKOTNTA)
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Mikpookomio Arouikng Auvaung

Gerd Bimmg (lefth and Heinrich Robrer (night) who wewe aw arded the Nobel
Prize tor their invention of (e scanning tunpeling micsoscope

Optical Microscopy
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Mikpookorrio Atouikn¢ Auvaunc
Atomic Force Microscopy AFM

Table 1.1. Comparison of AFM with SEM and TEM.

AFM SEM TEM
Sample preparation little or none trom little to a lot from little to a lot
Resolution (.1 nm 5 nm ().1 nm
Relative cost low medium high
Sample environment any vacuum(SEM) or gas vacuum

(environmental SEM)
Depth of field poor cood poor
Sample type Conductive or conductive conductive
insulating
Time for image 2-5 minutes ().1-1 minute ().1-1 minute
Maximum field of view 100 pwm | mm 100 nm
Maximum sample size unlimited 30 mm 2 mm
Measurements 3 dimensional 2 dimensional 2 dimensional
F(;RJ;;:ESLAJ;M HAEKTPONIKH MIKPOZKOINIA, ®-277




Mikpookorrio Arouikng Auvaunc
Atomic Force Microscopy AFM

Baoika Mépn
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Mikpookorrio Atouikn¢ Auvaunc
Atomic Force Microscopy AFM

\

Baoika Mépn

« 1. Laser

« 2. EUKauTtrTOQ
Bpaxiwvag (cantilever)

« 3. KarotmrTpo

* 4. PWTOAVIXVEUTAG .
* 5. HAekTpOVIKO KUKAWMHO » o
* 6. Scanner with sample
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g[};l]jtadinde Ikng Auvaung
photo- sroscopy AFM

Hefecle ,ﬂ‘

AvaTtopia AFM

A

Cantilever holder

Motarized %
| stage y KPOZKOIMIA, ®-277




a) AMM photodiode | Laser diode Laser diode

posttoner | ¥ positioner - _ ¥ positioner O,Trlo ATO”'K”?S' A‘]V“’Jng
ot Force Microscopy AFM

_ Preamp houzing

AvaTtopia AFM

| Canbilever mount

FFM _ :
photodiode A0 T S
positioner. AN L B

) AR =y Positioning
stage

Scanner iDn ! 4
=il ' e SCANTIET SO PO
ring

Coarse adjust

/_ BEMCW S

——___ Motor drve shahi

Mlator control
switch
:I'.-'E-:-tn:-r housing

1

Base A ﬂ P ir AFM valimeter

AFM DVM
contrad switch

E] FFM DVIM

control switch

\ FFM valtmeter

.KTPONIKH MIKPOZKOIIA, ®-277




Mikpookorrio Atouikn¢ Auvaunc
Atomic Force Microscopy AFM

AvivrAnniey AFM
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Mikpookorrio Arouikng Auvaunc
Atomic Force Microscopy AFM

AvaTtopia AFM
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Mikpookorrio Atouikn¢ Auvaunc
Atomic Force Microscopy AFM

.".”,_ > A
i} ol "

Ly i o, ~ AvaTtopia AFM

> -
B

— IKH MIKPOZKOIMIA, ®-277




Mikpookorrio Arouikng Auvaunc
Atomic Force Microscopy AFM

AvaTtopia AFM
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Apxn Asiroupyiac | AFM

AAANAeTTIOpOON HETAEU AKIDAG KAl ETTIPAVEING OEIYMATOG

uiroaioinmpag

(A+B)- (C+D)
CTOdCRN N KaTd T ORPpwTT
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Apxn Asiroupyiac | AFM

AKida

Ewcoveg S13N4 axidov AFM ano Hisktpoviko Mikpooxomo (SEM).(a) Awaxpivoviar on

Tpryevikol mpofoiotl duo and TS TEooEPS OKIOES, 01 omoies vadpyouy of kaBe popia/teudyo. (f)

Eaticon o pie and Tig akides, MOKpIVETOL 1) TUPCPOEIHNS HOPPY] TNG.
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Apxn Asiroupyiac | AFM

AKida

Atomic force microscopy
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MIKPOZKOIMIA ATOMIKON AYNAMEQN
ATOMIC FORCE MICROSCOPY (AFM)
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MIKPOZKOIMIA ATOMIKON AYNAMEQN
ATOMIC FORCE MICROSCOPY (AFM)

Oxide sharpening of silicon tips
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MIKPOZKOITIA ATOMIKQON AYNAMEQON

ATOMIC FORCE MICROSCOPY (AFM) AxiBa

Carbon Nanotube Tips

200 nm
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MIKPOZKOIMIA ATOMIKON AYNAMEQN
ATOMIC FORCE MICROSCOPY (AFM)

AKida

Carbon Nanotube Tips
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MIKPOZKOITIA ATOMIKQN AYNAMEQON

ATOMIC FORCE MICROSCOPY (AFM) AxiBea

Assembled Cantilever Probe (ACP)

AcoV SpotMagn WD F——————————{ 100 m
100KV 40 8650 92 PIBSIA (Cantilever | 01105
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MIKPOZKOITIA ATOMIKQN AYNAMEQON

ATOMIC FORCE MICROSCOPY (AFM) AxiBa

A mechanically cut STM tip (left) and an electrochemically etched STM tip (right)
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Apxn Asiroupyiac | AFM

2Z0pWTAG - Scanner
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Apxn Asiroupyiac | AFM

2Z0pWTAG - Scanner
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Apxn Asiroupyiac | AFM

2Z0pWTAG - Scanner
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Apxn Asiroupyiac | AFM

2Z0pWTAG - Scanner
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Apxn Asiroupyiac | AFM

Laser & ®PwT0diodog

‘ETOI MEXPI Twpa KATAQEPAUE /o
OKIQYyPAPAOOUUE TIC KABETEC JOVO avWUAAIES TNG

emQAvelag yag. Mévo dnAadn katd rov aéova z.

[Mw¢ GuWC TTaipvoupEe TPIOOIACTATN EIKOVA?
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Apxn Asiroupyiac | AFM

Laser & ®PwT0diodog

O1 duvapeig TTOU aAvaTTTUCOOVTAl METASU TNG
ETMIPAVEIOG KOl TNG OKidag TTPOKAAOUV OTH
Bdaon Tng akidag piIa KAUTTH | MIa atTOKAION).
AUTEC o1 aTTOKAICEIC | 01 KAUWEIC TG Bdong NG
akidag PE TN Xprjon €vog atrAou laser ptropouv
va peETpnBouv amd €vav avixveutr) (QwTtodiodo

OTNV OUYKEKPIYEVN TTEPITITWON)
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AAAnAemdpaoceic ue Tnv em@aveia

MéyeBog akidag

'.f" x 108

l,l

Source: http://iwww.chem.gmw.ac.uk/surfaces/scc/scat?_6 htm
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Tporrol Asitoupyiac AFM

I L i IS
distance fnm]

repulsive  attractive
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van der Waals

‘electrostaric
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Tporrol Asitoupyiac AFM

Tpotrog AciToupyiag e eTTa@n Tpo1rog AciTOUupyiag Xwpig eTa@n
Contact mode Non Contact mode

NMaAAbpevog Tpotrog Acitoupyiag

Tapping mode MikpookoTria NMAsupikwv AuvAapewyv

Lateral Force Microscopy
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Tporrol Asitoupyiac AFM

Tpotrog AciToupyiag pe eTa@n Tpo1rog AciITOUpyiag Xwpig eTTa@n
Contact mode Non Contact mode
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MIKPOZKOIMIA ATOMIKON AYNAMEQN
ATOMIC FORCE MICROSCOPY (AFM)

Tpoémol Asitoupyiag & Eidn Auvaueswyv

MeTpouvTal QUVANEIC AVAPECO OTNV aKida Kal OTNV TTPOC £€ETAON
ETMPAVEIQ HEOW TNG METATOTTIONG TNG AKIOAC

* Van der Waals
* HAEKTPOOTATIKEC
* MayvnTiKEC

* ATIO eTAQN
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swuerpia AKidac kai HopPoAoyia EmPaveIac

AAANAeTTIOpOaON HETAEU AKIDAG KAl ETTIPAVEING OEIYMATOG
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Zyqpe 10.8. H AL repropiletan amd Ty TETEPUGHEVT KUUTLAOTITA TNS CUUNS TN OKIOUL.
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swuerpia AKidac kai HopPoAoyia EmPaveIac

AAANAeTTiIOpOON HETASU OKIOAG KAl ETTIPAVEIAG OEIYMATOG

I‘:(’_ijeling Electrons
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When the tip of the STM probe is sufficiently close to the surface of the
specimen (~ 1nm) a tunneling current can become established
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swuerpia AKidac kai HopPoAoyia EmPaveIac

AAANAeTTIOpOaON HETAEU AKIDAG KAl ETTIPAVEING OEIYMATOG
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swuerpia AKidac kai HopPoAoyia EmPaveIac

AAANAeTTIOpOaON HETAEU AKIDAG KAl ETTIPAVEING OEIYMATOG
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MIKPOZKOITIA ATOMIKQN AYNAMEQON
ATOMIC FORCE MICROSCOPY (AFM)

E®PAPMOrEZ

1)Navodiaraésic
2)MoAupspn vAikd

3)Eupeon EAarrwudrwy os uAIkd

4)MsraAAoupyia

S5)AvaAuosic os onrTiké Sioko DVD
6)AvdAuon usuBpavwy
/)Bioiarpikn

K.d.
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Surface-/ Tip-Functionalisation

e Surface modification - SAM formation
self assembling monolayers (SAM) _5‘lanes Ty e e ey

|
- silanes on glass- and Si-surfaces g § gégé §

- thioles on Au-surfaces

I )
* Tip modification Bilotes
— Adsorption of molecules from solution " y
e.g. proteins i
— Decrease AFM tip radius with
attachment of molecules or nanotubes o O
o
- Attachment of linker molecules
e.g. PEG linker for antibodies, f'
crosslinker for SH-, NH-groups o S
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Llfesuence
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Materials and Surface Science

Organic film Transnstor
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Nanolithography & Nanomanlpulatuon

Polymer film
engraving
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Anodlc
oxidation

on mica http://www.jpk.com/
http:/fwww.veeco.com/nanotheatre/

http://www.ntmdt. ru/Scan-gallery/
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MIKPOZKOITIA ATOMIKQN AYNAMEQON
ATOMIC FORCE MICROSCOPY (AFM)

EQOAPMOrEZ

1)Navodiaralsic

Carbon
Nanotubes
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MIKPOZKOITIA ATOMIKQN AYNAMEQON
ATOMIC FORCE MICROSCOPY (AFM)

EOAPMOrEZ
2) NoAuuepn vAika

Video microscope image
of AFM cantilever directly
above A glass sphere.

(image size .9 X.9 mm)

Defects at surface of Glass Sphere
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MIKPOZKOITIA ATOMIKQN AYNAMEQON
ATOMIC FORCE MICROSCOPY (AFM)

EQOAPMOrEZ

3) Eupson EAarrwuarwyv os UAika

AFM cav gpyaAgio perpoAoyiag

OuclaoTIKa oTnVv Biounyavia
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MIKPOZKOITIA ATOMIKQN AYNAMEQON
ATOMIC FORCE MICROSCOPY (AFM)

EQOAPMOrEZ

4) MeraAAoupyia

2.UXVA OTIG BIOPNXAVIES VIO AviXVEUan KAANG TTOIOTNTAG
TWV UAIKWV avaAUOVTOG XOPAKTNPIOTIKA TOUG

MeAETWVTAC TNV ETTIPAVEIQ TWV UAIKWV BPIOCKOUNE TNV
aVvTOXH TOUG Kal TNV avTidpaaot] Toug o€ dIAPOPOUS
ECWTEPIKOUC TTAPAYOVTEC OTTWG BEPUOKpATia Ka.

4

lMAsoveKkTRuATa

MeyaAn avaAuon

Tpeig dlaoTACEIg

EUkoAo oTnVv Xpnon
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MIKPOZKOITIA ATOMIKQN AYNAMEQON
ATOMIC FORCE MICROSCOPY (AFM)

EQOAPMOrEZ

5) AvaAuoeic og orrriko dioko DVD

Three dimensional image of a stamper surface. The 2-D image of the DVD stamper showing the align-
scan range is 10 X 10 microns and the maximum Z ment of bits. Any defects on the surface are readily
range Is 192 nanometers. identified in 2-D images.

AVOAUOEIC O€ ETTIPAVEIEG OTTTIKWV OIOCKWV
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MIKPOZKOITIA ATOMIKQN AYNAMEQON
ATOMIC FORCE MICROSCOPY (AFM)

E®APMOrEZ 6)AvaAuon usuBpavwyv
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MIKPOZKOITIA ATOMIKQN AYNAMEQON
ATOMIC FORCE MICROSCOPY (AFM)

E®APMOIEE 7) Bioiarpiki)

* MeAeTouvtal o€ BAGB0C BakTAPIA, KUTTAPA, TTPWTEIVES , TTOAUCAKXAPITEC, 10UC
« DNA

* Bpiokovtal avwuaAieg
*  Mop@oAoyia Toug

*  TpiodIAOTATN ATTEIKOVION
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topographic
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MIKPOZKOITIA ATOMIKQN AYNAMEQON
ATOMIC FORCE MICROSCOPY (AFM)

EQOAPMOrEZ
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SO WHAT DO WE SEE?

Nickel from an STM ZnO from an AFM
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AND WHAT CAN WE
DO?

Using STMs and AFMs in Nanoscience

* Allows atom by atom (or clumps of atoms by clumps of atoms)
manipulation as shown by the images below

Xenon atoms

Carbon monoxide molecules
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The first demonstration of manipulating atoms was performed by Eigler and Schweizer
(1990), who used Xe atoms on a Ni(110) surface to write the three letters “IBM” (their
employer) on the atomic scale
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MIKPOZKOITIA ATOMIKQN AYNAMEQON
ATOMIC FORCE MICROSCOPY (AFM)

NMAsovekTNnUAaTA
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Tp10d1Gd0TATN «PWTOYPAPIO»
[TOAU peyaAn avaAuaon

MTTopouue va JEAETHIOOUMPE UAIKA TTOU OEV €ival
aywylIha
To TTpoC PEAETN UAIKO O¢€ XpelaleTal €101KN

TTpogpyaaia (1r.X. TOTToBETNON METAAAIKOU
MavOUa TTOU PTTOPET VA KATAOTPEWEI TO OEIYHA)

A&IToUpYEi Kal o€ udATIvo TTEPIBAAAOV (BloAoyIKdA
MAKPOMOPIa — (WVTAVOI OpYyaVvIOUOI)




MIKPOZKOITIA ATOMIKQN AYNAMEQON
ATOMIC FORCE MICROSCOPY (AFM)

MeioveKkTipara

X MéyeBoc eikdvag (mm X mm)

X H avaAuaon 1n¢ pwroypa@iac ecaptaTtal atmrd TNV
QKTIVA TNG aKidaC

X Mikpny Taxutnta odpwaong (apPKETA AETTTA)

X Xpelaletal atroyovwon atrd eCWTEPIKEC OOVNOEIC

X Xpeladetal €I0IKN TTPOETOIMOCIA YIa UAIKA TTouU
UTTOPEI VO TTAPAPOPPWOOUV aTTO TO UIKPOOKOTTIO
AOYW TNC dUvauNG TTou gp@avidetal. Agv UTTAPXEI
YEVIKI MEBODOC aAAG KABOE UAIKO BEAEI CeEXxwPIoTN
MEAETN.




