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Scanning electron microscope
General considerations ofSEM:

ümagnification and resolution

üdepth of focus(field,depth) - DOF

üpreparation 
üconductive

üvacuum compatible

SEM componentswe will discuss:

üvacuum system

ümicroscope column

üsamplechamber

ügraphicuserinterface(JSM-7600F)

(Images: ammrf)
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Vacuum

The division of areas of low pressure:
abbreviation Vacuum area Pressure

[mbar]
numerical density 

[particles/m3]

LV(sl: GV) low vacuum 1000 - 1 1019 - 1016

MV (sl.SV) medium vacuum 1 - 10-3 1016 - 1013

HV (sl. VV) high vacuum 10-3 - 10-7 1013 ï109

UHV (sl. UVV) ultra high vacuum 10-7 - 10-12 109 - 104

EXV (sl. EVV) extremely high vacuum under 10-12 under 104

üto produce a mean free path for electrons greater than the lenght of the 
electron column

üto avoid collisions between electrons of the beam and molecules

üto prevent beam induced chemical reactions

ürequired for stable emission(arcing and damaging the filament)and for 
some detectors and electrostatic lenses
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Types of vacuumpumps in SEM 

Gas transfer vacuumpumps:
Rotary pump 

Diffusionpump

Turbomolecularpump

Entrapmentvacuumpumps: 
Ion pump

Coldtrap

(Image: electronica.ugr.es)
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Rotary Pump

Pumps by rotation of an off-center cylinder.

Initial pump (to pump the chamber after 
sample change, in airlock exchange).

Good efficiency for high pressure ς100 L/min.

Disadvantages:
vibrations

oil vapour

maintenance

JXA-840A JSM-7600F

(Video: YouTube)
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Diffusion Pump

Molecules diffuse into the active part of 
the pump where they are trapped and 
removed.

Very high pumping speed, pumps also 
light gases.

Tolerant with particles.

Disadvantages:
needswarm up and special oil, which is 
evaporated

needscooling too

can only work vertically

(Image: pchemlabs.com)

(Video: YouTube)
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TurbomolecularPump

A jet turbine and works by momentum 
transfer (multiple stages of rotating 
blades (rotor) spaced between fixed 
blades (stator).

High pumping speed but not for light 
gases.

Clean, no warm up, oil free.

Disadvantages:
relativelyexpensive

not tolerant to particles

can fail catastrophically

highvacuum is pure hydrogen

(Image: wikipedia)

(Video: YouTube)
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Sputter Ion Pump

JSM-7600F

(Video: YouTube)

Air molecules are removed from the chamber 
by gettering them onto a surface by ionizing 
gas within a magnetically confined cold 
cathode discharge

Can achieve ultrahigh vacuum.

No moving parts.

Ions sputter Ti, which reacts with residual 
gases and buries these under a film.

Disadvantages:
not very efficient for water

gasses not permanently removed
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Liquidnitrogentrap

JSM-7600F

The gettering is accomplished by 
making the pump wall very cold 
(cryopump). Moleculesaretrapped on 
the surface (sorption).

No moving parts.

Good for water (water vapor desorbs 
slowly from the internal surfaces of the 
chamber).

Disadvantages:
frequentlydegassed

gasses not permanently removed

(Video: YouTube)
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JSM-7600F, JSM-5800 andJXA-840A

(Image: JEOL)
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Basicprincipleof SEM operation

(Image: ammrf)
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Microscope
column

electron gun

condenser to 
shape the 

beam

objectivelenses 
to focus the 

beam

scan coils 
to deflect 
the beam

apertures to 
limit the beam

(Image: JEOL)

Gun aperture and
alignmentcoils

Gun isolationvalve

Faraday cup

Aperture angle
control lens

In column
energyfilter 

(R-filter)
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Electron gun
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Thermionic emission
To produce an electron beam: 

an emitter (electrode), 

a surrounding cathode 
(Wehneltcylinder/ grid cap) 
and 

an anodewith a central hole.

Richardson- Dushmanequation:  ὐ ὃὝὩὼὴ

Tungsten: T = 2700 K, Ew= 4,5 eVᴼ Jth =3,4 A/cm 2

LaB6: T = 1800 K, Ew= 2,5 eVᴼ Jth =40 A/cm 2

(Image: nau.edu)

Jth ... Thermionic current density (A/m2)
! Χ Ŏƻƴǎǘŀƴǘ ŦƻǊ ǘƘŜǊƳƛƻƴƛŎ ŜƳƛǘǘŜǊǎ όмнл !κŎƳ2K2)
¢Χ ƳŜǘŀƭ ǘŜƳǇŜǊŀǘǳǊŜ όYύ
Ŝ Χ ŜƭŜŎǘǊƻƴ ŎƘŀǊƎŜ ό/ύ
EwΧ ƳŜǘŀƭ ǿƻǊƪ ŦǳƴŎǘƛƻƴ όŜ±ύ
ƪ Χ .ƻƭǘȊƳŀƴƴϥǎ Ŏƻƴǎǘŀƴǘ όWκƪƎύ

Ὁ Ὁ Ὁ

(Image: ammrf)
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W gun(JSM-5800, JXA-840A)

JSM-5800

плл ҡƳ
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Field emission 

The cathode is a tungsten rod, 
very sharp point (<100nm).

Make a very strong field at the tip 
(>107 V/cm), by applying potential 
to the first anode (3-5kV).

Electrons can escape cathode 
without applyingany thermal 
energy.

Very high vacuum ( <10-10 torr )

Use a second anode for 
accelerating electrons.

Fowler ςNordheimtunneling
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Schottky FEG

(Image: JEOL)

The thermal or Schottky field emission gun 
consists of:

accelerating anode

extraction anode

suppresseranode

emitter

The tip is W covered with Zirconium oxide. It lowers 
the work function so that large emission current can 
be obtained.

The suppresser cuts the thermionic electrons 
emitted from a large surface of emitter. 

The surface is not covered by air molecules so that a 
stable emission current can be obtained.



CENTER FOR ELECTRON MICROSCOPY AND MICROANALYSIS maja.koblar@ijs.si

Electron gun - FEG

(Image: JEOL)

(Image: tnw.tudelft)

Some of the electrons emitted from the 
tip ionizes molecules of air.

The ionized oxygen and nitrogen are 
pulled towards the tip by the strong 
potential and sputter zirconium oxide off.

The thermal(SE)FEG works at the 
pressure of 10-9 Torror 10-7 Pa.
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Comparisonof electronguns
EmitterType Thermionic Thermionic SchottkyFEG coldFEG

Cathodematerial 
W LaB6 ZrO/W (100) W(310)

Operatingtemperature [K] 
2,800 1,900 1,800 300

Cathoderadius[nm] 
60,000 10,000 < 1,000

< 100 

Effectivesourceradius[nm] 
15,000 5,000 15 2.5

Emissioncurrentdensity[A/cm2] 3 30 5,300 17,000 

Total emissioncurrentώҡ!ϐ 200 80 200 5 

Normalizedbrightness[A/cm2.sr.kV] 1 x 104 1 x 105 1 x 107 2 x 107

Maximumprobe current [nA] 1000 1000 10 - 100 0.2 

Energyspread@ cathode[eV] 0.59 0.40 0.31 0.26 

Energy spread @ gun exit [eV] 1.5 - 2.5 1.3 - 2.5 0.35 - 0.7 0.3 - 0.7 

Beamnoise[%] 1 1 1 5 - 10 

Emissioncurrentdrift [%/h] 0.1 0.2 < 0.5 5 

Operating vacuum hPa/mbar1 < 1 x 10-5 < 1 x 10-6 < 1 x 10-9 < 1 x 10-10

TypicalCathodelife [h] 100 > 1000 > 5000 > 2000 

Cathode regeneration not required not required not required every 6 to 8 hours 

Sensitivity to external influence minimal minimal low high

* virtual source; hPa= hectopascals = 100 Pa

(Table: tedpella)
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Condenserto shape the beam
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Condenserlens
Similar to glass lenses in 
optical microscopes.

Main role of EM lenses is to 
demagnifythe source of 
electrons to form a much 
smaller diameter probe.

Two main lenses used in SEM:
Condenser lenses

Objective lenses

The main role of the condenser lens is to control the size of the beamand 
determines the number of electronsin the beam which hit the sample. 

(Images: ammrf)
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Aperturesto limit the beam
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Apertures

Three (JSM-5800: 100 ҡƳΣ олҡƳ ŀƴŘ нлҡƳ)

Four (JSM-7600F: 110 ҡƳΣ тл ҡƳΣ50 ҡƳand 30 ҡƳύ

Reduces the beam current.

Lowers the angular spread and spherical aberration.

3л ҡƳ 5л ҡƳ 70 ҡƳ 110 ҡƳ 
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Electromagneticlenses to focus the beam
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Objective lens
Focuses electrons on the sample 
at the working distance.

Properties:
largedemagnification

two sets of deflection coils are 
included ςscan coils

stigmator is built in it

includes the beam shift coils

the visible light microscope optics 
(EMPA)

(Images: ammrf)
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Sample 
chamber

motorized stage (x,y,z,t,r)

detectors

(Image: JEOL)
LN2

LEI

SEI

EDS
RIBE

RBEI

GB
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JSM-5800JSM-7600F

Pole piece

Coldtrap

stage

LEI

Turbopump

RBEI

EDS

BEI
SEI

EDS

stage
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Signals and interactions

(Image: ammrf)
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Signals and interactions

(Image: Low Voltage Electron Microscopy: Principles and Applications)(Image: ualberta)
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SE vsBSE
Secondary electrons

High resolution

Strongly topography sensitive

Little element sensitive

Sensitive to charging

Backscattered electrons
Lower resolution

Atomic number contrast in 
particular strong signal to heavy 
atoms

Less sensitive to charging

(Video: YouTube)(Video: YouTube)
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SE mode BE mode

R filter ςelectrostaticlens

SB mode

fixed fixedvariablefixed
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SEI

Sample

Magnetic filed LEI

Objective Lens 

Electrostatic lense

(Image: JEOL)
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GENTLE BEAM

Normal
Acc. Voltage

Stage Bias Voltage

Landing Voltage

Obtain higher image resolution by decelerating primary 
electron beam just before landing at the specimen

Landing Voltage =Acc. Voltage - Bias VoltageLanding Voltage = Accelerating Voltage  

Gentle Beam

(Images: JEOL)
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SEM vsGB mode
Improves image resolution 

Reduces charging andbeam damage

Shows pure surface topographic 
information

(Images: JEOL)
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SEM vsGB mode

SEM GB mode



SEM
3RD CEMM WORKSHOP: GRAPHIC USER INTERFACE ON JSM-7600F

MAJA KOBLAR, SC.  ENG. PHYSICS



Centerfor electron 
microscopy and microanalysis

maja.koblar@ijs.si

GRAFIC 
USER 
INTERFACE

EBSD

trackball

Faraday 
cup

Operation
panel

IR camera

GUI

Specimenstage
control panel



CENTER FOR ELECTRON MICROSCOPY AND MICROANALYSIS maja.koblar@ijs.si

Electron gun - basic

Voltage (electrical potential)

Consider as the spread or energy of electrons

Typically 1-30 kVor keV

Current (number of electrons/unit time (amps))

1 coulomb ~ 6x 1018 electrons

ρὅ ρὃɇρί

Typically from 10-12 A to 10-9 A

So 1nA~ 6 x 109 electrons/sec

Beamvoltage

Gun emissioncurrent

Beamcurrentcontrol (condenser)
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Freeze

Auto focus

Auto contrast brigtness

Acquire photo

Beam shift

Z height and Focus control

Ruler

Text, shapes, ruler

Scan rotation

Spot mode

Scanning speed

Voltage and emission

Valve V1
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Readthe GUIDE J
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Graphical J
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When you start the SEM session on JSM-7600F
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CEMM manuals
http://cemm.ijs.si

Short instructions
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Set the initial parameters
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Voltage

(Images: ammrf)
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Voltage
15 kV 5 kV


