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HAekrpoviko MikpoOoKOTTIO 2apwong
Scanning Electron Microscopy SEM
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HAekrpoviko MikpoOKOTTIO 2ApWonNC
Scanning Electron Microscopy SEM
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HAekTpoviko MiIkpoOKOTTIO 2apwong
Scanning Electron Microscopy SEM
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T1 yrropouue va OOUME
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Light microscop

Electron microsco
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man hand  finger thickness  cell bacterium wirus | macro  small  atom
height of hair maole-  maole-
cule cule

http://nobelprize.org/educational_games/physics/microscopes/powetrline/index.html
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T1 ymropouue va douuE
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XapakrnpioTiKEC TTAnpoopisc SEM

o MeAérn NS UPNC TwWV UAIKWYV (U€yEO0C, oXNMA, ETTIPAVEIAKA

XAPAKTNPIOTIKA, ACUVEXEIEC TNC ETTIPAVEIAC)

o Xnuikn ouoraon NG EMIPAVEIASC NE THV QACUATOOKOTTIKI

MEOODBO TNC EVEPYEIAKNC OIAOTTOPAC

4x — 1400x 0,5mm 0,2mm

SEM 10x — 500Kx 30mm 1,5nm
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AAAnAsmidpaon Aéounc HAsktpoviwv Agiyuarog

Apyki dfoun
NAEKTpOVI®Y

Oyko¢ aAANAETTIOPAONC KAl TTEPIOXEC

L1777 7N/
AsuTepoyeviy o
Hiektpbvia, nm

amdé  TIC  OTIOIEC  aviXveuovTal

OmoBookedusopeve  eytegpoyevr],  otmioBookedaldueva

niekrpovia, A

Aiifias, i KAl aKTiveg X

Electron
beam

n oigioduon tn¢ 6éouncg oro osiyua kaBopilsrar armro

» [loodrnra nAskrpoviwyv mou urrapyxouv ornv déoun (emission current)
Sample

/surface
H 'v A;‘:-)b.
RG>
'l

« Aiauerpog tn¢ 6éounc (spot size)

 Taxurnra / Evépysia Twv nAgkTpoviwyv (accelerating voltage)

Eido¢ Tou dociyuaro¢ (ME0OC ATouIKOS aplOuoS Tou Oeiyuarog)
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AAAnAemridopaon Aéounc HAskrpoviwyv Asgiyuaroc

m
Avinon aromxol apiiyio) 2
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Apyi doun
niekTpoviny

AgvTepoyevi)
PEKTpOVIa

AkTiveg X
; Omobookedaldpeva
Mparivia niekTpovIa
- Higktpovia

Auger

Alepyopeva
nieKkTpOVIO
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AAAnAsmidpaon Aéounc HAsktpoviwv Agiyuarog

O1 aAAnAemmdpdaoeic TNG dEOPNG TWV e- JE

TV ETIPAVEIQ OEIYUATOC Ol OTTOIEC EKTOC ATTO

Ta deuTEPOYEV paIvoueva TTepIAaUBAvouy:

« ®bépTION (charging) OUCOWPEEUON
(popTiou e- oTOo dEiyua

« EAaoTIKl OKEdAON e-, 600 PEYOAUTEPN
ywvia TIPOCTITWONG TOOO MIKPOTEPN N
ATTWAEIQ EVEPYEIQC

* Mn eAaoTIKl OKESAON €-, 000 UIKPOTEPN
N ywvia TpooTITwonG 1000 HPEYAAUTEPN N
ATTWAEIQ EVEPYEIQC

« Oéppavon Tou dEiyNaTOC
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Anuioupyia Eikévag oto SEM

Mio oo TI¢ o omovdoiec uN-eAoTIKES aAiniemdpadcels oto SEM eivar
VTN KaTd TNV omoio. mopdyovial O0evTeEpEvovIa MAeKTpOVia (secondary
electrons). Ilopdyovionw amd TNV OAANAETIOPOCT TOV MAEKTPOVI®OV TNG

oTOAO0G AYDYILOTNTOS TV ATOUMY TOL OELYLOTOC.

Eleciron
bearm

H sikova oto SEM oxnuaTtileTal
ano auTda Ta NAeKTpovida.

Evepyeia 3 eV -5 eV,

Movo To ~1% Twv S.E. Siapeuyel ano Tny
ENIPAVEIa Kal oxnuaTilel TV eikova.

BaBocg diauyng: Metarha, 5nm — MovwTeg 50 nm

Secondary
tleckrons
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Anuioupyia Eikévag oto SEM

Electron
beam

Electron
beam

Many
secondary
clectrons
escape

Few
secandary

electrons
; } escape
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Condenser
lens
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% N
Objective
/ lens
|
Large Small
spot size spot size
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MéEyeOocg Koukidag Tng Asopung Kal peUpa TwV Qakwyv

2UMTTUKVWTA (condenser)

Otov  ovébvetaw 10 peduOl  GTOLG
GUYKEVIPMOTIKOVS  (QOKOVG  ONUIOVPYELTOL

LIKPOTEPT KOLKIA.

2INV TEPIMTMOOTN OVTI] OU®S M OECUN OV
QTAVEL GTNV ETUPAVELD TOV OEIYUOTOC Elvar

MYOTEPO PMOTELVY).
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Méye0og Koukidag Tng Aéopng Kai AlakpITikE IkavoeTnTa

Ooo0 neroveror 1o péyedog g Kovkidag T060 avéavetar n Awokprtiki Ikavotnto

Electron Electron
beam [ beam

| |

Sample

_— surface P
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AvaTtopia H.M. Zapwong
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NnynR HAekTpoviwyv
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NnynR HAekTpoviwyv

Wehnelt cup

Saturation

Tungsten wire

First peak

Beam current

Filament temperature
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AAAeg TTNYEC HAEKTPOVIWYV

: TEPLOGOTEPO ATO OEKA POPEC UEYUADTEPT] OTOO0GT AmO oVt TOL W
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HAekTpouayvnTtikoi @akoi. EoTtiaon nAeKTpoviwyv

Simple Pole Piece
Magnetic Lens Magnetic Lens

e— Electron
beam

Upper
pole piece

Magnetic
lines of force

Lower
pole piece

Coil of wire

Shroud
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HAekTpouayvnTtikoi @akoi. Eotiaon nAekTpoviwyv

Scanning Coils

= BB

Etigm ator

Beam-Limiting
Aperture

Ot @aKol uTopovv va YPNeLRoTo)0ovy mg
1. 2Zvumvkvotéc (Condenser)
2. Avticeiuévoou (Objective)

3. IIpoPoAnc (Projector)
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AVIXVEUTNG NAEKTPOVIWV

Electron
beam
Grid BSE

—]1Light pipe s 9
Photo - 8 p'pi[\'\,/_.._:

mult iplier e

Specimen

+200V  +10kV
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AVIXVEUTG NAEKTPOVIWYV

EDS Detector

ackacat ter
Detector




HAEKTPONIKH MIKPOZKONIAZ EAPQEHE
(SEM)
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HAekTpovikn MIKpOOKOTTIO ZApWOoNG

ZEISS DSM-960A Scanning Electron Microscope — filament e- source

magnification: X 10 to X 300,000

30 Angstrom resolution
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HAekTpovikn MikpookoTria Zapwong SEM

JEOL JSM-880 high resolution SEM - LaB; electron source

magnification: X 10 to X 300,000
15 Angstrom resolution (LaB6 source)

backscattered electron detector,
transmitted electron detector, electron
channelling imaging

$300,000 current value
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2ToIXE10K AvaAuon pE Tn Xpnon tou SEM.
EDS (Energy Dispersive Spectroscopy)
daopaTOOKOTTIO

4

BSE/ /Electron beam

cﬂ] Window Sample
\——
\Collimator

X ray from sample

I;ti?Uid Stray
nitrogen X ra
dewar y\

Crystal

Field-effect transistor
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ZTleelaKﬁ AvdaAuon pe Tn xpnon tou SEM.
EDS (Energy Dispersive Spectroscopy)
DaoUATOOKOTTIO

vV/
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AAAeg TTNYEC HAEKTPOVIWYV
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MpoeToipacia OEIYHATWY
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NMpoetoipaoia Asiyparog yia SEM

To npoc pehern Oeiyua oto SEM vyevika npenel va eival
aywyigo. Eav Oev eival TOoTE enikaAunmTovTal Pe &va mMoAu
AenTO UPEVIO ano aywyipo YeTahlo, ocuvnBuwcg Xpuao Au.

Q Q Ring-shaped
— | magnet

]/L. CO]d cathode

L. Positive argon
10NS

T Gold pa.’licit‘
Magnetic lines ™
of force

—~ Electron

- Stub with
sample

Anode

ZUOKeUN enikaiuync.
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Sputtering




B|0Loci'ERi. SPECIMEN

EMPHASIZING
ULTRAMICROTOMY




Porter-Blum MT2B ultramicrotome
by Sorvall (ca. mid-1960s-1980)

« Simple belt device drives the
microtome arm in MT2

« MT2B has adjustable duration and
speed in the return stroke (much more
complex)

« Limited movement possible in the
fluorescent bulb

« Highly adjustable stage and specimen
chuck, but all with spring locks rather
than verniers making fine adj hard

 Locks on microscope used rather than
screws (also awkward)

 Mechanical advance system

FORTH/IESL / TCM
@ Vassilios Binas

HAEKTPONIKH MIKPOZKOIIA, ®-277




RMC MT-6000 Ultramicrotome
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Making Glass Knives

1. Clean prepared glass strips
2. Score at right angles with glass knife maker

Lo
\\\\\I

3. Break into squares (25mm) \

4. Score diagonally and break into two knives

N

good
1 “edge
2
good
edge

http://www.udel.edu/Biology/Wags/b617/micro/micro11.gif
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Glass Knife Boat

KNIFE EDGE
l CORNER 2.
CORNER1 / ¥
| KNIFE
" RESERVOIR

WAY 7]

ANIFE SIDE
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Caring for diamond knives:
http://www.emsdiasum.com/Diatome/diamond knives/manual.htm

http://www.emsdiasum.com/Diatome/knife/images/
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Critical point drying (CPD)

Purpose: To completely dry specimen for mounting
while maintaining morphological details.

100 & .
P |
: F |
75 g
Seolid Liquid / I
~— s 1
- Uy y I
Eeo 70+ Critical |
-:é » Point I
= NE | ‘e of CO, |
i
= O Triple Point :
* Iripie roin
8 & I '
R Vapour I
& )
e e é
| | f | | | | f i i
-100 -90 -80 -70 -60 -50 -40 20 30 40 50

Temperature in °C—»
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Method

1) Water exchanged for ethanol.
2) Ethanol exchanged for liquid CO, (transitional fluid).

3) CO, brought to critical point (31.1 C and 1,073 psi),
becomes dense vapor phase.

4) Gaseous CO, vented slowly to avoid condensation.

9) Dry sample ready for mounting.

HAEKTPONIKH MIKPOZKOIIA, ®-277
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Tank Chamber
Tank pressure 'nlet pressure Exhaust

valve gauge valve gauge Window valve

+

BN

o

By
2 = &

Pressure
é— CO, gas N

B anis

Sample
holder
—+— CO, liquid Temperature
control

Chamber

. — temperature
Siphon tube ,E gauge

e

Carbon
dioxide
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Sample holders

-Keep samples separated

-Hold delicate or small
samples

-Ease of sample retrieval
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Freeze Drying
-Sample is quick frozen in liquid nitrogen (LN2).

-Placed in vacuum evaporator on cold block
(approx. -190 C).

-Left under vacuum for several days to sublimate
water.

-Mounted and coated.

HAEKTPONIKH MIKPOZKOIIA, ®-277




Conductivity of Samples

Charging results in:
deflection of the beam
deflection of some secondary electrons
periodic bursts of secondary electrons

increased emission of secondary electrons
from crevices

1om m———————— SkV 6mm
B120 cryo 15 min etch




Thermal evaporation

-Typically used for shadowing
- 2 x10-7 torr

-From coarse to fine:

Carbon, gold, chromium,
platinum, tungsten, tantalum
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Carbon Coating

1

[ ) |
I Carbenvods  Spring

FORTH/IESL / TCM
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Good vacuum required

Carbon rod may need outgassing

For samples in SEM where
x-ray information is needed.

TEM grids needing extra
support

Support for replicas

Do not look directly at heated electrodes

HAEKTPONIKH MIKPOZKOIIA, ®-277




Carbon ribbon

Rotary device to
ensure uniform coating

(j>¢:<(, n M = Carbon Rods
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Backscattered Electron Epgaviouv dia@opég oe A.A.

BioAoyiko deiypa eunoTiouevo We Ag yia ThV ENQAvIon NoAucayyapitwy

e —— e —

S.E. Eikova Backscattered Electrons Eikova
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O.M. vs SEM
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HAEKTPONIKH MIKPOZKONIAZ EAPQEHE
(SEM)

dwroypagia TEM: Kuttapo ¢utou Pwrtoypagia SEM: 21mmdépor yupng
Cc XAwPOTTAGOTNG AOUAOUDIWYV
m PITOXOVOpIa
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kV and fine Structure
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BaBog lNediou
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A diatom mmaged using different accelerating voltages. Fine detaill of a diatom
mnaged at a low accelerating voltage of 5kV is visible (A). A decrease in resolution
and contrast can be observed when a diatom 1s imaged uwsing a mwuch higher
accelerating voltage (20kV) (B). Bar 1s lum. Magnification = x 4000. Working
Distance = 8mm. Condenser Lens setting = 15 (A and B).
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Ag powders written by a laser on glass § Ag powders written by a laser on glass
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Native || BS Compo Fe Alloy (Fe-Mo-Mn-Cr B)




BTO and Ag powders wrltten by a laser on Kapton
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