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Scanning electron microscope

General considerations &EM &

U magnification and resolution <
U depth of focugfield,depth) - DOF
U preparation O

U conductive O
(i vacuum compatible (QO

SEM omponentswe will discus.

U vacuum system <
U microscope column &
U samplechamber &
U graphicuserinterface(JSM7600F) N

(Images ammrf)
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Vacuum
system

rough,
high,
ultra highand

extremelyhigh
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Vacuum

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

U to avoid collisions between electrons of the beam and molecules
U to prevent beam induced chemical reactions

U required for stable emissiofarcing and damaging the filamerathd for
some detectors and electrostatic lenses

Thedivision of areas of low pressure:

LV(sl: GV)

abbreviation Vacuum area Pressure numerical density
[mbar] [particles/m?3]

rough

low vacuum

VAKUUMSKA
1000- 1 1019- 1016 ER A
MV (sl.SV) medium vacuum 1-102 10%6- 1013 =
| 1 HV (sl. V) high vacuum 103- 107 10837 1.0° |
URV (sl OVV) ultra high vacuum 107 - 1012 100- 107
EXV (sl. EVV) extremely high vacuum under 1012 under 10

3 L W K
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Types ovacuumpumps in SEM

Gas transferacuumpumps
Rotary pump
Diffusion pump
Turbomolecularpump &

Entrapmentvacuumpumps
lon pump &
Coldtrap <

(Image: electronica.ugr.es)
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Rotary Pump

SLIDING VANE

Pumps by rotation of an offenter cylinder.

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

Good efficiency for high pressucel00 L/min.

) (Video: YouTube)
Disadvantages:

vibrations
oil vapour
maintenance

JXA840A JSM7600F
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Diffusion Pump

Molecules diffuse into the active part o

the pump where they are trapped and YS)
removed. OIL JETS §
Very high pumping speed, pumps also

light gases.

Tolerant with particles.
(Video: YouTube)

Disadvantages:

needswarm up and special oil, which is
evaporated

needscooling too
can only work vertically
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TurbomoleculaPump

Ajet turbine and works by momentul
transfer (multiple stages of rotating
blades (rotor) spaced between fixed
blades (stator).

TURBOMOLECULAR
High pumping speed but not for light PUMP

gases.

Clean, no warm up, oll free. PUMP

Disadvantages:
relativelyexpensive ,
not tolerant to particles Pl
can fail catastrophically
highvacuum is pure hydrogen

(Image:wikipedig
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Sputter lon Pump

Air molecules are removed from the chambegA

by gettering them onto a surface by ionizing g CATHOEE
gas within a magnetically confined cold
cathode discharge
Can achieve ultrahigh vacuum MAGNET

+ MAGNpp
No moving parts ANODE

(Video: YouTube)
lons sputter Ti, which reacts with residual

gases and buries these under a film.

Disadvantages:
not very efficient for water
gasses not permanently removed

JSM7600F
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Liguidnitrogentrap

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

DEGASSING QUTLET

) LIQUID NITROGEN OUT

No moving parts

NANOPOROUS ADSORBER

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

Disadvantages:
frequentlydegassed
gasses not permanently removed

JSM7600F
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(Image:JEOL)

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC



Basiqrincipleof SEMoperation

(Image:ammrf)
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electron gun

v

- condenser to
hape the
beam

Gun apertureand

M ICroscope alignmentcoils N7
CO I u m n Gunisolationvalve — T .
( apertures to

Faradayup 1 R - limit the beam

Apertureangle

scan coils
controllens

" §l___———todeflect
= & O " the beam
VR |
In column p— 1) -
energyfilter sem—__ ) objectivelenses
r— to focus the

(Rfilter) N :
,. eam

(Image:JEOL)
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Electrongun
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Thermionic emission

. (Image:ammrf) S
Toproducean electron beam: S
. >
anemitter (electrode &
. N

asurrounding cathode A‘\Qo

(Wehneltcylinder/ grid cap R

and O

: &
ananodewith a central hol N
6@
Q .
2 (Image: nau.edu)
N
"2
< O O ©
RichardsonDushmarequatior 0 0"YQan ]
J;, --- Thermionic current density (A/m2)
Tungsten: T = 2700 KE,= 4,5 eV© J, =34 Alem? I X O2yadlyd FT2N] OKSKNA2YAO
GEX Y§Ul;fv,USYLJ§N.]-Udzl}l‘B'()Yl’)

LaBg.'T=1800/(,EW=2,56'V0 4/7:40/4/0”72 § X SftSOGNRY OKINBS 6/ 0

EwX YSG+HE 62N)] FdzyOldAzy 0S5+
1 X .2tdTYlFlyyua Oz2yaidlyid oW
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W gun(JSM5800, JXA&840A)

X OXFORC

JSM5800
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Field emission

Fowlerc Nordheimtunneling

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

Make a very strong field at the tip &
(>10 V/cm), by applying potential &
to the first anode (HkV). \\ﬁ\%

Electrons can escape cathode
without appyingany thermal ¥
energy. &@

Very high vacuum ( <#0torr ) >

Use a second anode for
accelerating electrons.
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Shottky FEG

The thermal oischottky 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

. . (Image:JEOL)
emitted from a large surface of emitter.

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

S
(9
& The thermalSEFEG works at the
Q*i\% pressure of 10 Torror 107 Pa.
QO
\N
O
QJS\

()A (Image:JEOL)

&
\Q} (Image:tnw.tudelft)
@ Emitter is kept at
<< around 1850K.
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

. . . . R =400nm °
potential and sputter zirconium oxide off.
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Comparisomf electronguns

Emitter Type Thermionic Thermionic SchottkyFEG coldFEG
Cathodematerial W Lag A ELLY) SRy
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 25
Emissiorcurrent density[A/cm?] 3 30 5,300 17,000
Totalemissioncurrentcx ! 8 200 80 200 5
Normalizedbrightnesg/A/cm2.sr.kV] 1 x 16 1x16 1 x 10 2x 10
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] 15-25 1.3-25 0.35-0.7 0.3-0.7
Beamnoise[%)] 1 1 1 5-10
Emissiorcurrentdrift [%/h] 0.1 0.2 <05 5
Operating vacuum hPa/mbr < 1x16 <1x16 < 1x1e <1x169°
100 > 1000 > 5000 > 2000

TypicalCathoddlife [h]

Cathode regeneration

Sensitivity to external influence

not required

minimal

not required

minimal

not required

low
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every 6 to 8 hours

high

(Tabletedpellg
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Condenselens

Similar to glass lenses in
optical microscopes.

Main role of EM lenses is to @?’%
demagnifythe source of «\
electrons to form a much g
smaller diameter probe. xO*g

; ) )

Two main lenses used in SEM: 3
Condenser lenses e

L

Objective lenses Q@

(Images ammrf)

The main role of the condenser lens is to control the size obdamand
determines the number o¢lectronsin the beam which hit the sample.
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Apertures

Three(JSM580Q 100k Y Z Kk & 11 | YKRY H 5
Four (JSM7600F110k Y& n ®OW®3Yand30k Y U

Reduces the beam current

Lowers the angular spread and spherical aberration

zaslonka 3 JSM-7600F zaslonka 2 JSM-7600F
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Hectromagnetidenses to focus thbeam




Objective lens

Focuses electrons on the sample
at the working distance.

Properties:

9
largedemagnification
two sets of deflection coils are
includedc scancoils
stigmatoris built init ﬂ
includes thebeam shiftcoils

Objective lens
(focus)

Llrlder focus

Civer focus j:

. . ; | t focus
the visible light microscope opt =
(EMPA) Sample

Stage

(Images ammrf)
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Sample
chamber L =

motorized stagex,y,z.t,)

detectors

(Image:JEOL)




Polepiece

Coldtrap

Turbopump JSM7600F JSM5800
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Signals and interactions

Electron beam

(Image:ammrf)
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Signals and interactions
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(Image:ualberta) (Image: Low Voltage Electron Microscopy: Principles and Applications
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SBEv/sBSE

Secondary electrons
High resolution

Strongly topography sensitive
Little element sensitive
Sensitive to charging

(Video: YouTube)
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Backscattered electrons
Lower resolution

Atomic number contrast in
particular strong signal to heavy
atoms

Less sensitive to charging

(Video: YouTube)



R filterc electrostatidens

fixed variable

Elastically

reflected e Elastically

reflected e

SEI

SE mode
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Electrostatidense

LEI

(Image:JEOL)




GENTLE BEAM

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

Normal Gentle Beam
Acc. Voltage

Landing Voltage

S Stage Bias Voltage

777 7

Landing Voltage = Accelerating Voltage Landing Voltage =Acc. Voltag®ias Voltage

(Images JEOL)
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SEMvsGB mode

(Images JEOL)
. . nm;}
Improvesimage resolution "
Reduceghargingandbeam damage
. I\
Showspure surface topographic -\
information s ) . /x’—"“"““'
Jhed
1 [ —— ——
\ Gentle beam
. |
0 3 6 g 12 15 (kv}

Vapor-deposited grains of gold GB 100V

SEM 500V Sio, GB 500V Sio,
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SEMvsGB mode

GB mode

— 100nm IJS ] — 100nm IJS
X 100,000 2.00kV SEI SEM WD 2.0mm X 100,000 2.00kV SEI GB_HIGH WD 2.0mm
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SEM

3R CEMMWORKSHORGRARHIC USERTINTERFACE QN G@BNF
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GRAFIC
USER
INTERFACE

Operation IR camera
panel

Faraday

s Specimerstage

control panel
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Electron gun basic

File (F) Edit(E) Function (0) Image Processing (I) Tools (T) Setup(S) Maintenance (M) Help (H)

. . Observation Accel.anlai Emission current i ‘B @ @ .L
Voltage (electrical potential) e 222 218]
Consider as the spread or energy of electrons
Typically 130kVor keV

Beamvoltage

Gunemissioncurrent

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

1 coulomb ~ & 10°8electrons = : trol (cond Y
. ., eamcurrent control (condense
PO p Ogp

I 10um I3
15.0kV SEI SEM WD 4.5mm

Typicallyfrom 1022Ato 10°A v R o
So 1InA~6 x 1@ electrons/sec

—
| Oimagerotation (KNS Column Made

[JDynamic Focus r-Filter ‘ii?_l
|22
Focus Depth (%) I 2]
1 Std. 11

Y}

-

Lt —)
Standard

|| Image File | observation Condition AUQ”"‘EW{
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File {F) Edlt(E) Functlon(o) ImageProcessmg(I) Tools (T} Setup (5) Maintenance (M) Help (H

Condition

Alignment

Specimen button

Standard | ser Vacuum

Image File | Ok jon | Allgnment
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File {F) Edit (E) Function{O) Image Processing({l) Tools(T) Setup(S) Maintenance (M) Help (H)

Observation Accel Voltage Emission current 2 : ] TN
[~ v

v

. Full | e
Sﬁg' ’ ull Image

ICursof

ext

| Probe Current | Contrast || Brightness Focus ||Magniﬁcati0n i Wi RD! Guide | Navigator | Step Cortrol | Stage Map |Specimen ’

5as ration —
Select thie function with the buttans on the rght. }M|

}Cnmpanson}

Full Image
The image is enfarged to the full monitar size.

Specimen
The specimen exchange and the Image
observation procedures are explained
The exchange process can be confirmed on the
SEM manitor window.

Observation
Image files shows the saved images. ’ Image File
Condition opens the Observation condition recipe i)
wiridow to set the optimumn observation condition. ' Conanion ’
Allgnment permits Users to adjust the alignment. T

Co " ’ Alignment
Comparison —_—

The multiple image display method is explained.

al
The elemental analysis is perfarmed on this
window, :
Qualitative analysis, quantitative analysis, and
elemental distribution mapping are available,

(Nate) This page is shawn only at the user login.

[¥] Open the aperation guide at a click of Specimen button

I  10um IS 10/6/2015
X 1,500 15.0kV SEI SEM WD 45mm 17:27:55

Recipe SEM Monitor

Standard | User Vacuum  9.6E-5 Pa

BEl okseryation of metals
BEl observation of MR heads

Spec. Surface lefsel
23 mm

|Emzhange Pnamon|

| Home Pogsition |

VENT

EVAC ’

Image File | Ohservation Condition | Alignment
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File {F} Edit(E) Function{O) Image Prc ing {I) Toals (T}

2| 9 |
«J%a s

Probe Current Contrast Brightness Focus Magnification

ag Jl_[l JIRDC]

Basic Operatio

the

alitative analy nti
lemental distribution mapping a

{Mote) This

[¥1Open the operation guide at a click of Specimen button.

T  10um IS 10/6/2015
X 1,500 15.0kV SEI SEM WD 45mm 17:27:55

Standard | User Vacuum @ 9.6E-§ Pa

Image File

ryation Condition | Alignment
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Full Image

Alignment




File {F) Edit (E) Function{O) Image Processing({l) Tools(T) Setup(S) Maintenance (M) Help (H)

Observation Accel Voltage Emission current

2|+

S 4 .)J 2\ | D ? A ] J Full Image
[OFF] '.m T | XS (e IQ 1|Buickd{Finel || Fine2 |Freez Auto || ACB. ext || SRT JiCursor Gl
Probe Current Contras Brightness || Focus Magnification Stigma X Stigma Y Guide | Navigator | Step Cortrol | Stage Map W

rdiio

5as 2 N
Select the function with the buttons on the right,

Observaﬂn

Comparison

Full Image ‘
The image is entarged to the full monitor size.

The specimen exchange and the Image
observation procedures are explained. v
The exchange process can be confirmed on the
SEM manitor window.

Image files shows the saved images. )
Condition opens the Observation condition recipe
window to set the optimurn observation condition.
Allgnment permits users to adjust the alignment.

E‘nhgﬁwn

Alignment

The multiple image display method is explained.

Analysis

The elemental analysis is perfarmed on this
window. .
Qualitative analysis, quantitative analysis, and
elemental distribution mapping are available,

(Note) This page is shawn only at the user login.

I  10um IS 10/6/2015
X 1,500 15.0kV SEI SEM WD 4.5mm 17:27:55

- SEM Manitor
Standard | User Vacuum | 9.6E-5 Pa

BEl observation of MR heads

Biological
Ceramics(Conductive)
gfm:(c:mu(me] Spec. Surface Offset
Cross-sectional(Nonconductive) 23 mm
Fine powders(about 1um)
Heavy metals

Light metals

Lowver detector(Low Mag

Image File | Okservation Condttion | Alignment
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When you start the SEM session on JBMO0F
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CEMMmanuals

http://cemm.ijs.si

Home Aboutus - Equipment - Reservations News Gallery Contact

Scanning electron microscopy

In CEMM we have three scanning electron microscopes: JEOL JXA-840A, JEOL JSM-5800 and JEOL 7600F.
JEOL JSM-5800 (manual JSM-5800)

= SE. BE detectors
+ Oxford Instruments ISIS 300 EDS
= digital imaging

Jeol JXA-840A (manual JXA-8404)

= SE, BE detectors

= Tracor TN 5600 EDS
* 2 WDS specirometers
= digital imaging

Jeol JSM-7800F (manual JSM-7600F)

* In-Lens Thermal FEG

= SEI LEIl detectors

= BE detectors (RIBE. RBEI)

= INCA Oxford 350 EDS SDD (20mm2)
* INCA Wave 500 spectrometer

* XENOS XeDraw 2 e-lithograph - =
« EBSD, Channe! 5, Oxford Instruments Short instructions
+ rfilter for contaminating SE in BE signals
= prechamber
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File {F} Edit (E) Function (O
Observatlhn  Accel. Voltage

(OFF ) |
[T T e

Image Processing {I) Tools (T) Setup (S) Maintenance (M) Help (H)

Emisdlon current o _L » W A . - -

ghtness |] Focus ||Maqniﬁcation|l Stigma X II Stigma Y ID-Mag [1] Guide | Navigator | Step Cortrol | Stage Map

Observation -Condition - 2
; Gine Observation
f uton th the conditio
Comparison

n below each item opens
window to ’
Accel, Voltage (KV): Set the accelerating voltage.
Image Rotation: Ratate the image electrically.
Dynarmic Focus: Focus over a tilted surface.
Focus Depth: Larger number is larger Focus
depth.
Probe Current: Larger number is |argEr pl’DbF)
current.
rfilter SE: secondary electron PO

B:SE+BE(high contrast)
BE: backscattered el st

The slider adjust po
Column mode: Change the cali

Image File

_Bn resolution can be obtained
under 4 K.
GB-L | GB mode which can be tilt the stage |
l$o7" Modifies the brightness and contrast of the
button removes the
modification.

Set the initial pa amete S S r.dEtE‘CtUF serts the detector

l R'ema\-'al of the check retracts the detectar.

[“] Open the operation guide at a click of Specimen button.

e 10um bs 108 X: 0.000 Y: 0000 | T
X 1,500 15.0kV SEI SEM WD 4.5mm 2 EXIN EEX EXI
Probe Current u 2 SEM Monitar

Vacuum | 9.6E-5 Pa

Recipe

Standard | User

[Jimage Rotation -

[ ~ ]
: r-Fiter I~

[[] Dynamic Focus - . Spec. Surface Offset

( = = = = @™
% 1l >

Focus Depth Eatiange Fash
etector(Low Mag) Y
it i) P

Image File | Observation Condition | Alignment |
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Voltage

(Images: ammrf)
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Voltage

15 kV 5 kV
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