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The transmission electron microscope

Analogous to optical microscope Iin
transmission light mode

Relies on samples so thin that
electrons of ~100 keV can be vy v
transmitted through them LR RS R RERNS

Difficulty in making samples thin / * f \

enough for electrons to pass
through

Structure of the specimen

locally perturbs the electron
Up to 1 MeV energy used to handle trajectories. This gives rise

thicker specimens, but.... Radiation to[contrast|in the image
damage
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Electron gun

Condenser lens1
Condenser aperture

Condenser lens 2

[llumination
system

Specimen
/p _______________________________________________________________

B —————

Objective lens

Objective Aperture

Intermediate lens

“—Projector lens

:::::::

Fluorescent screen or
camera

Imaging
system



; lllumination system

= _
| Electron + llluminates only region of
Y Interest|~1 um
-’:".| gun — Lower contamination
o — Minimises beam heating
: « Demagnification factor 50
m Condenser -100
i)
H lens1 « 2nd condenser lens has
B y long focal length
—i-'— 7] Condenser aperture B Astlgmat.lsm
B 7 — Need ttt_:) mtro*_:?uc:e
1 Condenser correction coils
l
il :
[ lens 2 « Large divergence at
| condenser aperture
| . — Need to improve

| brightness to improve

C—— ] image intensity

Specimen
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Imaging System
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Objective

lens

% Objective

Aperture

Intermediate

lens

Projector

lens

Three lenses used:

Objective

- Short focal length

« Fixed specimen-1st nodal point
distance

» Current adjusted to obtain focus

Intermediate

« Current adjusted to obtain
magnification 1000 — 100 000 X

Projector

- Operated at constant current




Magnification and focussing

Specimen | :
Al A0
If Objective It
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Low Magnification: Ojbect image
plane and intermediate lens object
plane coincide. Low current in
intermediate implies long focal length
and low magnification

High Magnification: Intermediate lens
current increased to give high

magnification which moves intermediate
object plane closer to lens

Vi

\

j Image‘\
I plane

4

Focussing: Object lens current
reduced to move objectve image plane

into coincidence with object plane of the

intermediate lens.



Imaging ray paths

Objective lens principle plane(s)

Back focal plane

Objective lens conjugate plane [
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Fig 5 First (twostage) electron microsope owgrafying higher than the light oucroscope, Cross-
section of the mocsocoops ooleme (Fo-dsaws 1976y [15)

First true transmission electron microscope. E. Ruska,

Image pane

MNobel Lecture
http://nobelprize ora/physics/laureates/1986/ruska-
lecture_html




Bright-Field Image
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Refraction beam /

Transmission beam



Bright-Field Image

Bright Field Imageing
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Electron diffraction

« For crystal specimens
the electrons may
scattered into diffracted

beams If the diffraction
k, |\ condition is met.
Zhid » Scattering amplitude
k,-k,=g generally quite large
which permits multiple
diffraction

2d,,,smn6=A

« Diffracted beams are
always parallel (Thisis
a necessary condition of
the vector formulation of
diffraction.)



Diffraction pattern observation

- Electrons in diffracted >
be.ams h_EVE para”e' / II"- Objective lens
- e ) tra]'ECtDHES NV Vo principle plane(s)
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Specimen
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Back focal plane

- _Parallel rays conjugate at a

AR planeaf,, . . .below the
han! ~principle planes of the
objective lens to form a
diffraction pattern

Objective lens
conjugate plane

Intermediate lens
principle plane(s)

To obtain a diffraction
pattern the current in the
intermediate lens is
reduced to make the
objective back focal plane
conjugate to the
intermediate glane (the
plane there objective
normally forms a image of
the specimen

Intermediate

conjugate plane

Projector lens
principle plane(s)

The projector lens then Wi/

|

|

L
forms a magnified image of | _
the diffraction pattern in |
the conjugate plane of the AL
intermediate lens AR

SN U i . E Image pane




Electron diffraction

« Diffraction pattern locates at the back focal plane of
the objective lens

Sample =

T e
Objective lens %: —

Back focal plane / / )
Image plane / /




Diffraction with parallel illumination and conical
illumination

Parallel beams are focused at the back focal plane

Parallel illumination results sharp spots at the plane
Conical illumination results discs at the plane
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Diffraction pattern
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