Combination of Atomic Force Microscopy and X ray beam :
experimental set up and objectives
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X ray and tip:

first exercise....




Designed of a very simple machine (2002)

combining surface pressure (not local enough, poor control)
and_X ray diffraction/topography (D19 coll. J Hartwig/J. Baruchel)
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test of AFM deformation of a MEMS: mechanical Euler instability
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Brownian motion:
Vibrational characteristics changed by applied stress




X ray and tip:

but....




Implementation of current AFM

on beamline not easy....




X ray and tip: some interests....
1-Mechanics: deformation and structure
2-Local detection of X ray induced charge
3-Positioning of nanoobjects

4-mechanical effect of X ray....2 hbar k

Few photons but large k...




Estimation of the spring constant of a double fixed micro-beam

Laser-

4

I 00nm

Spring constant measurement

/..

Spring Constant [N/m]

2

20 40 60 80

Distance from beginning [um]

Photodetector

Piezo
tube
scanner

Diamond tip/
steel cantilever
Manobeam sampl

| Sample stage |

dVama

Piezo
ube
scanner

Dyp=sensitivity x
dVama

Dbea.rn‘

N

il

Digam= D;i.em_Dtip
Fraam= Fyp=stiffness of cantilever x Dy,

—e— Experimental curve

—m— Theoretical curve




Nano accelerometer
Size nano << optical wavelengtl

diffraction of light

F237P PB3 8.2| 25 ATTVERL®

Images MEB
LETI CEA Grenoble




AFM Imaging of NEMS: true nanostructure
coll. ESRF-LEPES-LETI Grenoble
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Deformation of NEMS:
nano-electro-mechanical-system

Signature of in situ real time
deformation
at nanoscale in X ray scattering
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AFM Charge detection by force

easily down to a few electrons!!!




EFM Detection of 20-40 electrons
In dry air at RT In semiconductor nanostructures
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Charging experiments on 7 nm SiO,,
(injection time: 10 s)



Ge dots on silicon wafer: charge tip injected by contact
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Detection of charge induced by X ray in Ge dots
at Ge absorption edge (see Ishi work)
Electrostatic Force Microscopy




Then thanks to AFM/X ray combination, you can try:

- to locally deform a single object and to probe it by X ray scattering
In situ and real time

- to detect charged induced by X ray ionization (semiconductor)

- to put little sample in the beam to study it: nanomanipulation

BUT...




Implementation of current AFM on beamline not
easy....but can be done

See Olivier Dhez talk already for current detection....




Fabry Pérot cavity:
combination X ray
force detection
nanopositioning
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Coll. ESRF-LEPES-Spectro
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Nanomanipulation
real time In situ controlled

deformation of a nanoobject

dé (par MBE)
(DRFMCI/CEA)

Méthode schématique :
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TRANSPORT and ABSOLUTE nanoPOSITIONING
of Carbon nanotubes

Before After
contact mode non contact mode
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Careful AFM nanomanipulation
of a LETI nanosystem
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However....
Life can be somewhat tricky !!!

300 nm
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Nanomanipulator system :
real ime coupling between real
and virtual nano-world

Force amplification
10°
bandwith 3kHz

nm to cm 107




Here the basic manipulation is:
- pushing- pulling -

more IS needed to truly manipulate
micro/nanosample

say object with size 100nm-1zm
and interaction control
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