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Review of imaging modesReview of imaging modes

System overviewSystem overview

Review of imaging modesReview of imaging modes

–– Condenser systemCondenser system

–– Objective lens & sample stageObjective lens & sample stage

–– Forming images and diffractionForming images and diffraction
patternspatterns

•• TEM modeTEM mode

•• STEM modeSTEM mode

Microscope alignmentMicroscope alignment

–– PhilosophyPhilosophy

–– Step-by-stepStep-by-step

CalibrationsCalibrations

–– Magnification, camera length,Magnification, camera length,
rotation (if needed), convergencerotation (if needed), convergence
angleangle



TEM overviewTEM overview



TEM cross sectionTEM cross section

Electron
Gun

Condenser
System

Objective
System

Projector
System



TEM cross sectionTEM cross section
(simplified - somewhat)(simplified - somewhat)

Electron
Gun

Condenser
System

Objective
System

Projector
System



TEM cross sectionTEM cross section
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systemsystem
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Condenser systemCondenser system

Goal: place the beam on the sampleGoal: place the beam on the sample

Variables:Variables:

–– Probe sizeProbe size

–– Convergence angleConvergence angle

–– Intensity (brightness)Intensity (brightness)

Imaging modes & uses:Imaging modes & uses:

–– Parallel illuminationParallel illumination

•• Approximately - routineApproximately - routine

•• Perfectly (Perfectly (KöhlerKöhler))

–– Focused illuminationFocused illumination

•• Microdiffraction / EDS / EELSMicrodiffraction / EDS / EELS

•• Convergent beam diffractionConvergent beam diffraction

–– Translating / tilting the beamTranslating / tilting the beam

•• Bright field / dark fieldBright field / dark field

•• Scanning TEM imagingScanning TEM imaging
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Condenser systemCondenser system
effect of C1 strength - effect of C1 strength - ““spot sizespot size””
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Condenser systemCondenser system
parallel illumination (parallel illumination (KöhlerKöhler))
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Condenser systemCondenser system
aperture effectaperture effect
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Condenser systemCondenser system
focused probefocused probe
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Condenser systemCondenser system
‘‘convergent beamconvergent beam’’ focused probe focused probe
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Condenser systemCondenser system
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Condenser systemCondenser system
scanning / tilting & translatingscanning / tilting & translating

TranslatingTranslating TiltingTilting
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scanscan
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Condenser systemCondenser system

Actual ray diagrams are always available in theActual ray diagrams are always available in the
operation manual of the microscopeoperation manual of the microscope



Objective & ImagingObjective & Imaging
systemsystem

Relationship between sample &Relationship between sample &
object planeobject plane

TEM modeTEM mode

–– Forming imagesForming images

•• Bright fieldBright field

•• Dark fieldDark field

•• HREMHREM

–– Forming diffraction patternsForming diffraction patterns

STEM modeSTEM mode

–– ScanningScanning

–– Bright field STEMBright field STEM

–– Dark field STEMDark field STEM

–– Annular dark field STEMAnnular dark field STEM



EucentricEucentric position position

Optimum position of sampleOptimum position of sample

–– Where it does not translate when youWhere it does not translate when you
tilttilt

This defines the This defines the ‘‘objectobject’’ plane plane

In older systems, you then set theIn older systems, you then set the
microscopemicroscope’’s lens strength to makes lens strength to make
it coincide with the objectit coincide with the object

In newer systems, the physicalIn newer systems, the physical
location is known, yielding a fixedlocation is known, yielding a fixed
objective lens currentobjective lens current

–– This is betterThis is better

•• No need to change lens current duringNo need to change lens current during
imagingimaging

•• Greater stabilityGreater stability
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SampleSample
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SampleSample
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TEM diffractionTEM diffraction SampleSample
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