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Scanning Probe Microscopy

1714 » Measuring physical interadion
XY,z W2)

*Use it as a control parameter to
map the surface

Tip

surface -

S

%
gl Nanoprobes, Spectroscopy & Scattering k

.F o (A LN
CLumeing arent (STH)
*CapaCity (SCANV

sLight (SNOM)

*Thermal properties

Lecture 5: Nanoprobes: Frontiers of scanning probe techniques

Eledron tunneling
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Tunneling current

S f . Local tunneling barrier
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Fig. 1.41. Tunnel resistance and current versus displacement of a Pt sample
with respect to the tip for different sample and tip conditions (Binnig ef al.,

1982a)
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Tunneling current in STM

Tersoff-Hamann-simplification (1 atom tip): Y,
2p62 2 2
1 =2=U§ M, [ dE, - E)x(E,- E) fr
mn

- 2 - * o~ ~ *
mn = m Ojs)(YmNYn - YnNYm)

Y .(2) U N exp(cz) WO\/O\AA/O\/O\/

o YU
I uUon (Ec)expReR)q | Y, () P d(E, - E;)
1Y, (%) Pu expl- 2¢(s+ R)]
| LU expé2cs)  imeges
. . of Si (111):
Atomic resolution of |Y |2 (no atoms!) Binnig and
Rohrer 1982
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Mapping eledronic states

Imaging the dedronic states
of the semiconductor
SiC(0001) (3x3)

Can we quantify
the process?

Sample +
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Scanning Tunneli ng Spedroscopy
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Comparison photoemisson— STS

examples

0. Sanchez @ al. PRB 52, 7984 (1995)
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Spin dependent tunneling
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Special requirements for thetip (=>n' or T'):

» Zeaman-split dengty of states of a superconductor

» Ferromagnetic semiconductorginsulators (e.g. EuS)
e Opticdly pumped semiconductors

+ Haf-metallic ferromagnets (e.g. CrO,)

o ‘classcd’ ferromagnets (Fe, Ni, Co)
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SPSTM on Cr(001)

W tip

Wiesendanger et al.: PRL 65, 247 (1990) CrO, tip
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Tednicd Design

UHV compatible STM (Omicron)

He-cooling

Tip/sample
stage\ —

Damping system

Piezo effect ~ 10° V/Im
=>nm precision
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STM-Tips
Tip radius< 20 m
—

Tip artifads

VoL
SVAVA

STS:
Which atom is at the tip end?
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Force microscopy

U A U Single aom at awall:
U - _ Cpr 1
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One commonly measures in the tapping mode,
i.e. with an oscill ating tip

Shift of the resonance frequency of the cantilever is
amassfor the tip-sample forceinteraction
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Atomic Force Microscopy (AFM)

AFM on SITiO, (001 surfacestructures

STM image
1000 nm
Monoatomic steps tmm—
=>‘'gtomic’ resolution atomic resolution of a
NaCl(001) surface ~ s??
200 nm

%
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Magnetic Force microscopy (MFM)

Magnetic tip feels
strayfield

M.R. Koblischka and U. Hartmann, Ultramicroscopy 97 (2003) 103-112

x{Ex
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Scanning Nea Field Microscopy SNOM
Far-field optics: Abbé-limit

illumination -.g

B Can be surrounded by using evanescent

= light

-4
| U s
evanescent field
Source Omicron
sample => Raster method
*Resolution ~ 50 nm (tip!)
*(Magneto-) optical effeds
*Can be ombined with STM....
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Atomic structure of surfaces

Indexing by Miller

1

(009) indices of the
corresponding bulk
planes

(112) (110

Deviations from bulk planes (recnstructions)
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b, & d, dy, , g

gl Nanoprobes, Spectroscopy & Scattering

Lecture 5: Nanoprobes: Frontiers of scanning probe techniques

Red vs. reaprocd space

Real Space (i.e. spacing of surface #omsin nm)
%2 ® oo

a
k-Space (i.e. spacing of diffradion spotsin nm1)

ST™M

o, ® 00 e.g.LEED

G:%
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larger real-space smaller k-space
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k-space square lattice reconstructions

Real space k-space

O

il
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k-space ad eledronic structure
Y(d)=Y(d+a)p Y pe¥* =¢*

6+ kw20

Important property is d/a Can be understood as awave
with wave length a

Largest wavelength => infinity (k=0), smallest => a(k=p/a), because
Y(K)=Y(k+2p/a)
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Brill ouin zones

o o—>
4 5
2D Brillouin zone &
g
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Structures of red surfaces
Remnstruction and relaxation of metal surfaces

hcp(0001) Re(-5%), Sc (-2%), Ti (-2%), Zr (-1%)
feq(111) Al (+1%), Ag (0%), Cu (0.7%), Pt (+1%), Rh (0%)
fcq(100) Al (0%), Cu (-%), Rh (0%)

fcq(110) Al (-8.5%), Ag (-8%), Cu (-8.5%), Rh (-3%)
beq(110) Fe (+0.5%), V (-0.3%), W (0%)

beq(100) Fe (-5%), Mo (-9.5%), W (-8%)

Missing row reconstruction of (110

metal surfages Rh(110 (1x2)
ya
T\
2x/2al2>
E.Vesdli etd., J chem. Phys. 114, 4221 (2001)
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Surfacestructure of S (111)

<— LEED: (7x7) recnstruction, red space
unknown for yeas

~ DAS-model

e O

erholes
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Eledronic structure of surfaces

Schrodinger-equation for bulk states Edeh RSO0 (Rihandoar:
¢ 2 0 F(2) = Ae®,
€ mdz *UOR@A=EY,@ 7 @=6eu, )

(z) =Béu, (2) + Cé®u, (2)
U@z+a)=U(2),Y,,(z+a) = €“u,,(2)

PekeP '

Schrédinger-equation for vacuum

=> Bloch waves with

2 2

o

2 2 vacuum K
é y _ vacuum PL"(
& om dzzutkk(z)-EKFK(z) u

2 / Surface state
FK(Z):?EE‘KZ,EK :Zsz,Kzi 2TPEK

Kisreal (normalisation), while complex /

solutionsare posssible at the surface:

e F(’f))(g)\?(\ﬁ)(.‘m}jggoi‘%)@ 259

Nanoprobes, Spectroscopy & Scattering k
o~

13



Lecture 5: Nanoprobes: Frontiers of scanning probe techniques

Surfaceband structure

15

10 Schockley-state ;

energy (eV)

.

OI
1

-10
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Surfacestates and morphdogy

A. Bendouren et a., Phys. Rev. B 67, 165412 (2003)
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Maaoscopic morphology of surfaces

Definition of surfaceenergy: dW,; ,, = gdA

Cy(hk)dA® Min. P duster on A0,

g = g(hkl) increases with index number

Hansen et a., Phys. Rev. Lett. 83, 4120 (1999)

=> stepped surfaces
1000 nm
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Growth of thin films

—— f external transport

adsorption-
_— desorption
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aad gowth Growth modes Step-flow growth

B. Voigtlander et al., PRL 78, 2164 (1997)

Layer-by layer growth

Links:
http://www.ep4-of.ruhr-uni-bochum.defmethods/imovies.shtml Stranski-Krastanov mode
X
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Growth modes

Phenomenological description (thermodynamic)

Idand growth Layer-by layer growth Stranski-K rastanov mode

gEV >gSE+gSV gEV <gSE+gSV

g’ Step-flow growth?

Wetting layer: 0\ kinetics, nucleaion
gsv
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XX

16



Lecture 5: Nanoprobes: Frontiers of scanning probe techniques

18t Nucledion

Interaction between
evaporant and substrate

p gSE

Ag oan Si(111) (7x7)

D.W. McComb et a., PRB 49, 17139 (1994)

Feon Si(111) (7x7)

Filling factor of the layers:
=> 2D/ 3D nucledion

S Hajar et d., PRB 68, 033302 (2003)
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E Al,O, (0001)
g
g
)
[ [ ]
. . 5
Ehrlich-Schwoebel -barrier: H
Reflection and adsorption at g
ledges Rh on 5
Al,O, (0001)
X
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Growth kinetics

e o et e 7] @I/
diffusional step-flow LZR<<D
Teraselength L, rate R and dffusion convective step-flow LR ~ D
constant D determine the growth mode: layer-by-layer L2R > D
statigtical growth LZR>>D
o
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Birth and deah moded

o) .
[RU 7 M obile adatom coverage:
kéx k - - +
—o8 K a, =91 %4 (kh  +Kih,)
I [ <O I tae
1o - ;éan(qn - qn-l)' kt;%an(qn-z - Qn 1)
= 08 - k;éa-ln(qn-l' qn)' kéﬁnﬂ(qn-l' qn)
< o4l => RHEED-oscill ations
2 immobil e adatom coverage:
§ qn :anka:lhn + k;xlan+1 n
110'
~ o8 Number of nuclei:
= 0.6f
T o0al Electrochemical deposition of Ni
02l / on Au (PRB 56, 12 506 (1997))
0.0

1 2 3 4

tt
M See 40 J. Y. Tsao, Materials Fundamental's of Moleaular Beam epitaxy, Academic PressNY (1993
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Moleaular Beam Epitaxy (MBE)

MBE is the mono-crystalli ne condensation of a
vapor on a mono-crystalline substrate

Semiconductor technology
EEEEEE \
Film
Substrate‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
LTI \ [
incoherent pseudomorphic semicoherent

Growth modes, roughness (e.g. misfit dislocaions) etc. by SFM

Orientation/strain by diffraction methods (Ledure by W. Lohstroh)
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. Manipulating the surface by AFM-
An academic gadiget The data storage future?
=
@
()]
8
&
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Nanotednology

The quantum corral redf-

19
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SPM in Life Sciences

STM image of the double-helix structure

STM image of an unwrapped DNA

SNOM images of chromsomes

Winker et a. Journa of Microscopy, 209, 23, (2003)

%
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Combining Condensed Matter Physics
and Cell Biology

Thefuture....?

Main problem:

Theinterfaced!!! |

Neuron from rat brain onalinea
array of field-effect transistors. The
ionic current in the cll interads
with the eledronic current in the
silicon. Source: MPI Martiensried

%
%I Nanoprobes, Spectroscopy & Scattering k—
o

20



Lecture 5: Nanoprobes: Frontiers of scanning probe techniques

Literature

R. Wiesendanger, Scanning Probe Microscopy and Spedroscopy,
Cambridge Univesity Press1993

J. Y. Tsao, Materials Fundamentals of Moleaular Beam epitaxy,
Academic PressNY, 1993

W. Moench, Semiconductor surfaces andinterfaces, Springer Verlag,
Berlin, 1995

J. M. Howe, Interfacesin materials, Wiley, New York, 1997.

Nanoprobes, Spectroscopy & Scattering

L)

21



