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« Orientation of the film with
respect to the substrate

e Defects on the film sfructure
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coherent image
integral density
surface topology

Aw2d sin 8 .
atomic order

" energy levels and
wavefunction

angle dispersive photoemission (XPS} microscopy

A dispersive absorption (XAFS, time tomography
Laue method resolved) lithography
magnetic reflection fluorescence flucrescence microprobe

time resolved Auger electrons angiography

Speckle interferomerry phonons holography

multiple diffraction plasmons phase contrast

phase determination luminescence interferometry
ion and atom desorption reflectometry

magnetic states
Compton photons
Raman excitation
nuclear resonance
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Primary beam

Characteristic _
X-r Cathodoluminscence
ays \
(light)
Bremsstrahlung |
X-rays Backscattered
electrons
Auger electrons
Secondary
electrons
Specimen Transmitted Elastically scattered
current electons electrons
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[ Nuclear reaction: ]
S Scattered ions

[ Elastic scattering: ISS/RBS
Inelastic scattering

Characteristic X-rays

[ Core-level ionization ]
PIXE

Ultraviolet to visible rays
[ Shell-level |
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Secondary electrons

Secondary electron ] w
emission

fo) Neutral atoms
4 [ Seuttering |

/I O Secondary ions
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Field Emission Electron Microscope J E M"‘2 0101:

External view of JEM-2010F

‘*¢ |

Field emission high-resolution analytical electron micrascope, JEM-2010F

Shown above is the external view of the JEM-2010F. The instrument can be equipped with optional energy
dispersive X-ray spectrometers (EDS), a parallet detection electron energy loss spectrometer (PEELS), a scan-
ning image observation device (ASIDY, and TV units including one to be installed simultaneously with PEELS.




Image
Processing:

Field emission high-resolution analytical
electron microscope, JEM-20100F
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Sample has to be as thin as possible so ]
the elastic scattering willdominate

Mechanical stability
Cleansample
Sample without substrate

Usually thin so can be mounted on a
proper grd. If necessary ion-milling or
electropolishing.

Sample with the substrate. -

Initial thinning -
Mechanical punch .
lon milling
Chemical polishing
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A variety of specimen support grids of different
mesh size and shape. At the top right is the

oyster grid, useful for sandwiching small
slivers of thin material.
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Spacers Grid

\\\»
L

Schematic sequence for cross-section specimen preparation; the sample is cut
into slices normal to the interfaces which are glued together between spacery
which could be Si, glass, or some other inexpensive material so that they ate
wider tha the slot in the grid. The “club” sandwich is then itself glued to the grid
(over the slot) and ion milled to perforation.



region of
interest

m\n \ pin or

toothpick

1
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Grid Incident

\. / beam
—* Ig50
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M_-_UMN_‘.\ “.M erest

__, Grid A_ﬁ

The 90°-wedge specimen: prethin. to create a 2-mm saqure of the multilayers on a Si
substrate; scribe the Si through the surface layers, turn over, and deave; inspect to

I

make sure the cleavage is clean; giving a sharp 90° edge; reject of not; mount the 90°

I

corner over the edge of a hole in a Cu grid, then insert in the TEM: note that two

I

different orientations are available from a single cleavage operation
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A B
<4— specimen —p was

&
Remove 4 objective lens
aperture -
[ —— objective aperture
Fixed (back focal plane)
_ SAD aperture
- linterrnediate T
' image 1 —> Remove
v Change . _apEFture
' streng?th > intermeditate lens
Second
- intermediate
f image > ;
Dy Fixed rojector lens
TS <+ e > proj
Diffraction ™ .
pattern \ /ﬁnal image
> >

The two basic operations of the TEM imaging system
involve (A) projecting the diffraction pattern on the
viewing screen and (B) projecting the image onto the
screen. In each case the intermediate lens selects either
the back focal plane or the image plane of the objective
lens as its object.
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Electron Diffraction

%W Electric beam

Crystal

Diffracted beams
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ad}

several kinds of diffraction pafterns obtained from a range of
materials in a conventional 100 kV TEM: (A) amorphous carbon, (B) an
Al single crystal, (C) polycrystaline Au, (D) Siifluminated with @
cenvergent beam of electrons. In all cases the direct beam of
electrons is responsible for a bright intensity at the center of the
paftern and the scaftered beams account for the spots or rings  thai
appear around the direct beam.
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electron source

probe-formin :

lens e final condenser

lens aperture C2

electron probe

3 .—:
’QEP' Q*'ip
k]

i /\x:ml
B A

Schematic diagram of convergent beam
electron diffraction. Source point P gives a set
of points P’ in each disk differing by lattice
vectors, point Q defines a different beam
direction and a set of diffracted beams. The
camera length is L.
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Optic axis Optic axis Optic axis

Reflectin . Reflectin ;i . Reflectin i
pare fcident pane™ fcident  “pane ||
Yy ¥ ¥ Yy ¥ ¥ w Y

— ﬁ ‘ specimen “ .P specimen wk specimen
h, ', .-

—} —__Objective lens —L ___Objective lens ~—— _ Objective lens
B S W B W I B
Direct U_mmwmwma Direct , U_Mm_.mmm._mma D_memwma
beam beam
Objective ., Objective Objective
aperture aperture aperture
Optic Objective Optic Objective

[

~ H irect
oﬁ_.mﬂma _umm_.\ Diffracted beam mma

Diaphragm

axls / apgrture axis aperture
e H (& Lv y V\ ‘ ;

Ray diagram showing how the objective lens/aperture are used in combination to produce
(A) a BF image formed from the direct beam, (B) a displaced-aperture DF image formed
with a specific off-axis scattered beam, and (C) a CDF image where the incident beam is
tilted so that the scattered beam remains on axis. The area selected by the objective
aperture, as seen on the viewing screen, is shown below each ray diagram.
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WAVELET

* MASK

° NOISE FILTERING

* HISTOGRAM

* EXPANSION
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FOR AN IMAGE OF PERIOD X

W (OPTIMUN) = 0.75 1/x

PROBLEM - SUBSTRATE - PARTICLE
INTERFACE NOT WELL DEFINED

RING FILTERS

W IS THE MOST IMPORTANT PARAMETER
W ") SMALL SUFECRT CONTRAST

W ") LARGE NOISE SUBTRATE
W (OPTIMUN) ~ 0.5 1/X
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~ Electron Sample Interaction

nelastc

X-Ray emission

Slow secondary electrons
Fast secondary electrons
Auger electrons
Electron-hole pairs
Plasmons and phonons

Radiolysis
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Field Emission Electron Microscope J E 31—20 10 }?

Measured probe diameter and lattice image of carbon graphite
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an Au particte, which were photographed on the
imaging Plate (IP}.

Probe diameter and specimen illumination current

Shown above is a micrograph showing a measured minimum probe diameter of 0.4 nm using an imaging
plate with excellent linearity of electron sensitivity over a very wide range. to record the probe imags. The
probe size is in good agreement with the calcuiated value. There is suificient prabe current in this probe
to provide effective analytical results with the highest possible spatial resolutioin.

- ¢-GRAPHITE.
- .§MBBBL. 206KV

Shown above is an STEM image of carbon graphite, observed with the Scanning Image Observation Device.
A lattice image of 0.34 nm is clearly observed, proving that the probe was this order of diameter.
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Magnification
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Pt-Ru on Al,O,

SuperTWIN-¢

High-resolution image of Pt-Ru particles and substrate.
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Figure 1) High resolution images of particles with its corresponding spectrum. Particle

Counts
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Si
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Energy {hev)

Cu
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Energy eV}

1 and 2 correspond to Pt Rich and 3 to Ru Rich particles.

' S. Alerascol and R. Gonzalez, J. of Catal. 124 (1990)204
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R.E. Lakis et. al proc. of the 13 int. congress of Electron Microscopy, Paris (1994) 10750
M. José-Yacamin and M. Avalos. Catal. Rev, Scie and Eng, 34, 55-127(1992)
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Concetration (atomic %)

GaAs ‘al InAS
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{(a) TEM micrograph of a GaAs/InAs whisker
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{b) HRTEM micrograph of a whisker around the

GaAs/InAs hetero-interface
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{c} Compositidn profiles around the GaAs/InAs hetero-interface
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Incident electron beam
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The principle of ESI
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electron

% Photon-loss
electron

An illustration of the crystal lattice as a group of atoms
linked elastically by springs. The bonds vibrate when struck
by a high-energy electron creating lattice oscillations or
phonons. The lattice absorbs heat by creating, so phonon
excitation is equivalent to heating the specimen.
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incoming electron A

Conduction band: - =\: " s 0

} band gap
Valence band | -=2vis - =
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\ Energy-loss
electron

DI

Schematic illustration of CL: (A) Initial state before a
beam electron interacts with valence-band electrons. (B)
A valence-band electron is excited across the gap into
the conduction band, leaving a hole in the valence band.
(C) The hole is filled by a conduction-band electron
falling back into the valence-band hole. Upon
recombination a photon of light is emitted, with a
frequency determined by the band gap.
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The ionization process. An inner (K) shell electron is
ejected from the atom by a high-energy electron. When
the hole in the K shell is filled by an electron from the L
shell, characteristic K, X-ray emission occurs. The beam
electron loses energy but continues ion through the
specimen.
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Schematic diagram of the source of (A) ELNES
and (B) EXELFS. Excess energy above E_ creates
a wave that is scattered by the sorrounding
atoms. The low-energy ELNES arises from plural
scatter and the higher energy EXELFS from
single scatter.
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_ Fllled states
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Density of states

A Near edge fine structure

Extended fine structure

The relationship between the ELNES
and the unfilled density of states
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Plasmon
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10°

Counts

10°

10* == '
0 209 400 600 800

Energy-Loss (eV)

EELS spectrum from NiO showing the many
orders of magnitude difference in intensity
from the zero-loss peak to the fine structure.
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Photodiode Counts (Arb Units)
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3nm steps Silicon-side]
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iamond-side
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Energy-Loss (eV)

Spectrum-line profile across the interfaces
between a diamond-like carbon film, an
amorphous carbon interlayer and a Si
substrate.
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Comparison of (A) experimental and (B)
calculated ELNES for Al in minerals with
coordination numbers of 4 and 6
respectively.
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