INanoscience & Microscopies

Opftical Microscope
SEM, AFM & STM




Optical system of Metallurgical
Microscope

A few more
lenses than A Pyepicee

we used in
class | .

-'-'r-'-'-'-'-"-"-"-"l-'.-

—J
Condensing
System

Objective

& Specimen

./lwww.substech.com/dokuwiki/lib/exe/fetch.php




Principal Light
Pathways in
Confocal Microscopy

In-Focus —
Emission
Laser Light Ray

Excitation
Smlm:e

|
Light Source
inhole :
Aperture

Figure 1
Speci
pecimen_

Focal
Planes -E

I—thmmu Itiplier
Detector

= Detector
Pinhole
Aperture

Out-of-Focus

—Fluorescence
Emission
Light Ray

=—Dichromatic

Light Ray

Used in
medicine
& medical
research

http://www.microscopyu.com/articles/confocal/confocalintrobasics.html




www.answers.com/topic/microscopy



http://www.answers.com/topic/microscopy
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SEM Picts

Dendritic Growth

Ostrinium Nubilialis
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Nanowires &
Nanosheets

7| 1242007 | HV | WD | mag |det| vacmode | ——300nm— &7 1/24/2007 | HV WD ‘ mag | det
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vac mode | ~—— 300 nm —
High vacuum




Control voltages for piezotube

Tunneling Distance control
current amplifier and scanning unit

with electrodes
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STM Basics




INoL A_ Prize

o 1981

m Invention by two scientists from IBM
Zurich
o Gerd Binning & Heinrich Rohrer

o 1986

m Nobel Prize awarded !/
® Only 5 years later -- a record !

http://nobelprize.org/physics/educational/microscopes/scanning/



http://nobelprize.org/physics/educational/microscopes/scanning/

Qua
Tunnellq'g
"seeing” surfaces

Piezo-electric

Effect for
scanning surfaces

This is the STM image of Si(111)-

7x7 surface, the white spots
represents the position of the

afoms.




Elzerron Wavz BzaaVlds
utside +he Barrier

 |Wavefunction extends outside of STM tip




Electron Waves can Breach the
e .

e Electrons can
/\W tunnel through
the air from
Z;ip to sample
epending on...

| W\/\A’” =Barrier

separation
Etectron-energy

http://phys.educ.ksu.edu/vgm/html/qtunneling.html



http://phys.educ.ksu.edu/vqm/html/qtunneling.html

Introducing the STM...

Control voltages for piezotube

Tunneling Distance control
current amplifier  and scanning unit

Piezoelectric tube
with electrodes

Tunneling
voltage

Data processing
and display

http://www.lap.tuwien.ac.at/www/surface/STM Gallery/stm schematic.html



http://www.iap.tuwien.ac.at/www/surface/STM_Gallery/stm_schematic.html

&

WWW.Nnano.geo.uni-muenchen.de/stm



STM Tip.in detail..

STM Tip

www.chem.ucla.edu/~kodohert/0f1b3060



http://www.chem.ucla.edu/~kodohert/0f1b3060

Scanning.the STM tip..

www.surfaces.lsu.edu/STMoverview.html



http://www.surfaces.lsu.edu/STMoverview.html

Modes.of Operation '

e Constant
current

e Constant
Height

userpage.chemie.fu-berlin.de/.../ntml/node5.htm




porIanisnote:

e Remember, the STM works because
of electron tunneling between the
surface of interest and the
scanning tip.

e Thus--> Nuclear position is NOT
probed

o THEREFORE --> we are probing
what?




(VA

e Excitation of different vibrational
modes depending on species (CzH:
vs. C2D2)

m Science, 280, 1715 (1998).

® Single molecule chemical reactions
m Science News, 158, 215 (2000).




o This /s the STM image of Si(111)-7x7 surface,
the white spots represents the position of the
AT OMSsm




hemical Constrast |

|l started with an (111)
oflented surface of a PtNi alloy
(Bulk composition 25% Pt, 75% .
Nif surface approx. 50% of each).

= found that we can distinguish *
bgtween Pt and Ni atoms on this
sWrface with the STM!

e brighter species is Ni. The
ite blobs in the image are
purities of unknown nature.

http://www.iap.tuwien.ac.at/www/surface/STM_Gallery/chemical_resolution.html



Focus Archive PHU Index

Image Index

Focus Search

Researchers usually compare "before"
and "after" pictures of typical regions of a
material to see how it changes during a

r phase transition. This is now see on an
atomic scale.

As the lead atoms in this 20 x 13
nanometer region are warmed from 40 to
136 Kelvin, they switch from the
corrugated to the flat arrangement at the

transition temperature of 86 Kelvin .
Vienna University of Technology
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Phys. Rev. Lett. 94, 046101



http://link.aps.org/abstract/PRL/v94/e046101

® Reguires electrical path - for
tunneling

® Gives information of heights of
electron clouds above surface - eg.
graphite structure

® Some questions cannot be explored




®
¢ eSQGQ

o http://www.almaden. ibm.com/vis/stm
(Interesting STM images)

o htto://www.nobel. se/physics/educational/
microscopes/scanning/ ﬁreresriry STM

images)

ﬁ...

e http://www.nanoscience.com/education/e
lery/DDB.mpg (movie of scanned image)



http://www.almaden.ibm.com/vis/stm/stm.html
http://www.almaden.ibm.com/vis/stm/stm.html
http://www.nobel.se/physics/educational/microscopes/scanning/
http://www.nobel.se/physics/educational/microscopes/scanning/
http://www.nobel.se/physics/educational/microscopes/scanning/
http://www.nobel.se/physics/educational/microscopes/scanning/
http://www.nobel.se/physics/educational/microscopes/scanning/
http://www.nobel.se/physics/educational/microscopes/scanning/
http://www.nanoscience.com/education/gallery/DDB.mpg
http://www.nanoscience.com/education/gallery/DDB.mpg
http://www.nanoscience.com/education/gallery/DDB.mpg

Atomic Force Microscopy

_——laser beam

cantilever

nanoatl asifs. hr

surface
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nic Force Microscope
was de ve/opea' in 1986 - soon after the
STM

The AFM was an offshoot of the STM
which was limited to samples which were
conaucting in order to scan them

The AFM can operate in contact mode
or non-contact mode




e The tip is usually
pyramidal or conical in
shape with a ~10 nin
end (~100 atoms)

o\ The tip must be
durable, and sharp
enough to see surtface

features

http://www.weizmann.ac.il/Chemical Research Support/surflab/peter/afmworks/



http://en.wikipedia.org/wiki/Atomic_force_microscope

AFM Canti lever

Cantilever

o The AFM tip is
attached to a
cantilever ~10
microns long

e The cantilever
must be flexible to
allow for the
scanning across

various surface

http://www.mobot.org/jwcross/spm/ /7 e I_q /7 f <



http://www.mobot.org/jwcross/spm/

/@ Wafer & TIP
e S/ or SiN - 10 nm
at end - ~100 atoms

h Electron micrograph of two 100 um long V-shaped cantilevers
(by Jean-Paul Revel, Caltech; cantilevers from Park Scientific

Instruments, Sunnyvale, CA).

Three common types of AFM tip.
(@) normal tip (3 um tall); (b) supertip; (c) Ultralever (also 3 um tall).
(b) Electron micrographs by Jean-Paul Revel, Caltech.

http://stm2.nrl.navy.mil/how-afm/how-afm.html



Ip Shape urface shape
re convolved into shape
ecorded by probes.




Detector and
Feedback

ThegAF CST

Photodiode o When f'ip IS
close to sur lace

Electronics

Hooke's Law
takes over

e Hooke's Law.%

e F-kx
Sample Suﬁa&‘ SUMSER M) o Forces between
T surface and tip
PZT Scanner def/e.Cf fhe
cantilever

http://en.wikipedia.org/wiki/Atomic_force microscope
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http://veecolifesciences.com/AFM_Basics.aspx


http://veecolifesciences.com/AFM_Basics.aspx

AFHM Coanti Lever
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cans microns of area

® Can be in contact mode
If surface is strong

e Can be in non-contact
mode if have objects on
surface to scan

m ® Can also use tapping
. mode




m Low and High éain.

e Low gain - “drag” tip across sample see deflection
which is OK for relatively flat surfaces

e High gain - tfries to push down on sample to maintain a
particular height which is OK for more bumpy
surfaces, buf not for soft surfaces

- Tapping mode

® Good for local surface distortions fo measure friction

and spring forces on surfaces

Non-contact

m Reqguires a frequency modulation technigue which
/s good for biological samples- repulsive forces
from surface




Metrology.=- Fabrication

e AFM can be usea S
fo study the i P -
success of e-beaf® ||
lithography and
subsequent

3 -

L elecirade

{dy

Nanotechnology, 13 659 (2002).




Joumal of Imorgane Baochamastry 98 (004) 510-521

Fig. 11. TMAFM mmape corresponding to: pBR-[PrCE 2, 3dat)] (a)l; pBR-[PrC]3, dda )] (bl pBR-[POCL: (4S5 da)] (cf amd pBR-[PrC] 2, Sdaph] (d)







Non-Contact Mode - Solid
Lipid Nanoparticles

i 10,01 -
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Fig. 10, RNoncontmect-mode APM mmmge of the sohid hpd nanopariicles

formed by SCD2Z1C,; on mica ab scan =iz 10 pm.




yhich probe microscope doj

Optical Microscope - good for objects
in the 1-100 micron range (10°m)

SEM - provides range from microns to
10 nm

AFM - microns of scan range, 10s of nm
resolution, tip 10nm

STM - nm of scan range, angstrom
resolution, tip single atom
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