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Elektronova mikroskopie
Proc byla vyvinutar

* Ma vétsi rozliSeni nez opticka mikroskopie
* Umoznuje sledovat:

— Poruchy krystalové mfize

— Bunéecné struktury

* Pracuje s dobfe zvladnutou elektfinou
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Typicke cile EM

1962

Virus

Dislokace v Al-Cu, 1969

Kopecek - U3V

D5 2020



- Elektronova mikroskopie
Frnst freee,

Proc¢ byla vyvinutar
Abbeho kritérium pro rozlisSeni mikroskopu
(1873: d = —— = 2% 200 nm

2n sin a a
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Elektronova mikroskopie
Proc byla vyvinutar

* Ma vétsi rozliSeni nez opticka mikroskopie.
S vyuzitim de Broglieho hypotézy je vlnova délka
elektronu (E, = 511 keV):
1.226
[U(1+0.9788 x 10—-6U)]|1/2

\ —

cozje A =38.8 pm pro E =1 keV a 6.98 pm pro
30 keV.
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Elektronova mikroskopie
Proc byla vyvinutar

UPTICAL Unaided eye Hand lens Light Se(i:;?:t)rr]‘ng Traerllz::rt]:iﬂ o
EQUIPMENT Y microscope . .
MICroscope MICTOSCOope
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FElektronovy mikroskop

Transmisson electron microscope
(TEM)

Electron gun
I I

Projector lens

CCD Camera
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Scanning electron microscope
(SEM)

Electron gun v

| A

Condenser

Deflection ¢

imen\\w

Spec

Harald Hagendorfer, PhD thesis, EPMA, 2011
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Skenovaci elektronovy mikroskop

Tescan FERA 3 Jeol JXA-733
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Pohyb elektronu v
elektromagnetickém poli

/—KK\ Lorentzova sila:
H
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Diky nf se elektron
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Kulova vada

Wavefronts

4 — with : :
- withoutz spherical aberration
ds |

o— |
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Plane of

\ \ least confusion -
\ Gaussian

_ _ image plane
Spherical aberration

~ 0,75/[oNV(1+10-5V)]

- K(;peéek = DR

Rayleighyho kritérium:
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Barevna vada
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Chromatic aberration
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Astigmatismus

Axialni astigmatismus

S, = Af, 0
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Celkova chyba zobrazeni

Predpokladame, ze pfispevky rozmazani
zobrazovaného bodu jsou Gaussovské, proto
jejich prispevky sloucit konvoluct:

d2 = di+di+d>+d
AE

2
* . 1 ‘
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Rozliseni, hloubka ostrosti a zvétseni

Resolution §
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Slozeni SEM

* Zdroj elektront
* Zobrazovaci soustava — cocky
e Interakce se vzorkem

* Detektory

2020 Kopecek - U3V
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/.droje elektronu
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b) Field-emission gun
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Soft Magnetic
Material (Fe)

Uniform Field
Fringing Field

Electron Trajectary
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Interakce elektronového svazku

Backscattered Incident X-Ray
Electrons Electrons (EDS/WDS)

Secondary
Electrons

Auger
Electrons

Cathodoluminesence

Sample
Absorbed
Electrons
Transmitted
Electrons
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Schéma interakcni oblasti

PE - Primarni svazek

Charakteristické
rentgenové zafeni - BSE - Zpétné odrazené elektrony
Sekundarni elektrony,

Augerovy elektrony

-«—— Electron range R

9. 3.2020 Kopecek - U3V 20



Spektrum elektront ze vzorku

SE |

‘ L e
t I LLE

|

|
w [
=z | Plasmon

losses \

Electron energy —=

Sekundarni elektrony E¢;; = 50 eV, low-loss electrons (LLE) ztrata energie oproti

primarnimu svazku je jen nc¢kolik stovek eV, backscattered electrons (BSE) — zpétn¢
9. 3. 20200drazené elektrony Kopecek - U3V 21



Srovnhani zobrazovacich modua

SE E-T In-Beam SE R-BSE In-Beam BSE

L —
SEM HV: 15.0 kv WD: 9.94 mm
View field: 4.1 ym Det: SE, InBeam, BSE, InBeam BE
Vac: Hivac SM: RESOLUTION

+ Higher surface + Large field of + lower topography

SEOSIavIty view info

= better resolution

9. 3.2020 Kopecek - U3V 22
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Detekce elektronu

BSE Detector
SE Detector \

N

Column

ET Detector

|_BSE Detector

Sample Kopeéek - U3V
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Backscattered
Electrons

I
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Pohled do komory SEM

24
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Ernst August Friedrich Ruska
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25.12.1906 — 27. 5. 1988

1986 Nobelova cena za elektronovou
optiku

1931 ukazal, Zze civka funguje jako ¢ocka
pro elektrony

1933 sestavil z vice cocek elektronovy
mikroskop

Od 1937 pracoval v Siemens-Reiniger-
Werke AG a nechal zfidit ,,visiting
scientist* laboratof,

kterou fidil jeho bratr
Helmut, ktery
prosazoval aplikace

v mediciné

29
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Manfred von Ardenne

20 January 1907 — 26 May 1997
Ast 600 patentt

1928 — 1945 tidil svou vlastni
Forschungslaboratorium fuir
Elektronenphysik, pak v SSSR jaderné
zbrané (ziskal Stalinovu cenu).

1931 poprvé predvedl princip televize —
skenovani obrazu.

Kopecek - U3V
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Elektronen-
Ubermikroskopie
Physik - Technik - Ergebnisse

Manfred von Ardenne

Mit einem Titelbild,
einer photographischen Tafel
und 4+ Abbildungen

Berlin

Verlag von Julius Springer
1940

A Liektrische Linzelinse
i

|
-~—

Linsengesetz:
1
7

b
a' ~ VergrioBerung

1 1
a +7f—

o
Iy s
sy, | yor
—00
@ — Potential auf der Achse,

@, Potential vor bzw. hinter der Linse,
2z Koordinate in Richtung der Achse.

d:

B Beschleunigungslinse
———a- ——in

Abb. 6 A und B. Elektrostati
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Max Knoll

17 July 1897 — 6 November 1969
Elektroinzenyr, séf Rusky

Po konstrukci EM 1931 v dubnu 1932
odesel do Telefunkenu, kde vyvijel televizi.

Kopecek - U3V
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Prvni skenovaci elektronovy mikroskop pro zobrazovani povrchi s rozlisenim 100 nm. 1937,

D5 2020
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Univerzalni
elektronovy
mikroskop pro energie

200 az 300 keV, M.
von Ardenne, 1941-43

30



Prvni BSE skenovaci obraz, von Ardenne

layer structures obligue /m/k[fm’
(partially scribed) Ught strip

A

-

10 20 310 mm

| |

semiconauctor plate (layer (u,0)

D5 2020 Kopecek - U3V
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USA - Vladimir Kosma Zworykin

James Hillier

V. K. Zworykin

".
g A%
' 3 '
’ )

5 .

SciAm1942-111 :
Kopeéek - TR Richard L. Snyder

52



USA - Vladimir Kosma Zworykin

Schéma SEM
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Washington state, USA: 1°* EM outside of Germany

Pioneerf@
State UR

Bull, Yamag

The first _
WHS report § » et T
Paul A. i
ment of eld
38, More
formed ma

U. of Washington did pioneering research in CFEG in 1938-45. Some of the students, e.g.
Gertrude Fleming-Rempfer, later transferred to Oregon. FEI (=Field Emission Incorporated)
can trace its origin directly to their efforts.

9. 3. 2020 Kopecek - U3V T @
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Early History of Electron Microscopy in
Czechoslovakia

ARMIN DELONG

Institute of Scientific Instruments of the Czechoslovak Academy of Sciences
Brno, Czechoslovakia

L Introduction . ...ovvrirnrtt e iinenianaian e nanssrannranseatrersinanns 63
II. Construction of the First Electron Microscope in Czechoslovakia................ 68
III. Desk Transmission Electron Microscope BS 242 ... ... .. i iiiinnnnnnn, 69
IV. Production of Electron Microscopes in Czechoskovakia.........cooviviennnrenns 74
B 8 T 1. [ T 76
Appendix A: Bibliography of Related Publications. . .............cooiivneinn.. 76
Appendix B: Publications from the Institute of Scientific Instruments of the
Czechoslovak Academy of Science in Brno(inCzech).......................... 77
23 2 T 79

I. INTRODUCTION

Czechoskovakia, with its 15 million inhabitants, ranges among the rela-
tively small countries of Central Europe. On the average, there are some
0.36 ha. of soil, 0.32 ha. of woods, 0.15 automobiles, and not more than
0.000034 electron microscopes per citizen in the country. In other words,
one electron microscope is shared by 30,000 people. Some 90% of available
electron microscopes are of home production. This means that besides
atomic power plants, locomotives, and automobiles, electron microscopes
are also produced on a commés@iplsedle iV €¢echoslovakia. In 30 years as
many as 1800 electron microscopes of different types, from the two-stage

35



Historie EM v Ceskoslovensku

Experimentalni dvoucockovy 1. Elektronovy mikroskop
elektronovo-opticky mikroskop,  vyrobeny v CSR
1947

A. Delong, V. Draho§, L. Zobac, J. Specialny
2020 Kopecek - U3V
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AI‘ min D GIOﬂg 29.1.1925 Bartovice (Ostrava) — 5. 10. 2017 Brno

http://brnensky.denik.cz/setialy/jeden-z-nejlep sich-vedcu-sveta-bada20081013.html

Delong Instruments: http://www.delong.cz/
D5 2020 Kopecek - U3V
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http://brnensky.denik.cz/serialy/jeden-z-nejlepsich-vedcu-sveta-bada20081013.html
http://www.delong.cz/

D5 2020

Delong Instruments

Kopecek - U3V
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Ales Blaha (1906 — 1986)

Prvni model elektronového oscilografu sestaveny
Alesem Blahou 1936.

CsCasFyz61-5-304 - 314

Kopecek - U3V 39



Historie EM v Evrope

Siegbahn-Schonanderav
electronovy microskop,

Stockholm, okolo 1943.

Toulouse, 1942

9. 3. 2020 2 Kopedek - U3V
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Francie 3MeV SEM

B2 Steel
Brass
Duralymin
=] Lead

pumping plant pump

G. Dupouy, E Perrier: 12. 1960 1 MeV, 5. 1969 2 MeV

D5 2020 Kopecek - U3V
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EE— NH””/”\,

FiG. 15. Stainless steel: twin boundary dislocations; diffraction pattern from the over-
printed selected area; V=1 MV.

4,
,,’ i

Fic. 21. First image obtained at 2 MV: precipitates in an Al-Cu alloy.

D5 2020 Kopecek - U3V
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Fia. 27, (a) Defocused image of an Fe~Si alloy specamen showing three magnetic do-

mains. {b) The domain con'cwondil

tospot 3

opecek - U3V

Vyhoda velmi
vysokého
urychlovaciho
napéti —
kontrast na
magnetickych
doménach v Fe-

St

43
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EM v biologti

ARKIV FOR ZOOLOGI.
BAND 40 A. N:o 6.

Examination of Brain Tumor Tissue with the
Electron Microscope.

By

HUMBERTO FERNANDEZ-MORAN.
With 13 figures in the text.

Communicated June 4th 1947 by MAXXNE SIEGBAHN and Huco THEORELL.

Examination of Brain Tumor Tissue with the Electron

Microscope.
Kopecek - U3V
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Brusel, 1932, 1..1.. Marton (aka
Ladislaus Laszlo)

FiG. 3. First electron micrographs of biological sample (15-um-thick slice of Drosera
intermedia leaf on copper net), April 4, 1934.

F1G. 2. Marton’s No. 2 electron microscope (Brussels, 1934).

D5 2020 Kopecek - U3V
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Prvn{ komercne, sériove vyrabeny
EM, Siemens UM 100, 1939

46



Prvni komercne dodany S

H M Stereoscan

Cambridge Instrument Company do du Pont
Comp.. U.S.A.. 1965

D5 2020

Kopecek - U3V

1953
70k

vyroby!

47



D5 2020

Tesla BS 242 ocenény 1958 v Bruselu
PSS

Kopecek - U3V
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Dalsi, ,,analytické® metody
doprovazejici v instalacich SEM

* EBSD (orientace)
* EDS (slozeni)
* CL (slozeni, typ vazby)
* EBIC (typ vodivosti)

Kopecek - U3V
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Phase Map




EBSD — principy a pozice detektort

Electron

Primary e-baam

Phosphor screen \ B30

EBSP K
dadactar

EBSP (202)

FsD
EBSP

Sampla
Silicon
unit call

Scanning Microscopy for Nanotechnology Techniques and Applications - Weilie
Zhou, Zhong Lin Wang (Eds), Springer Science+Business Media, LL.C, 2006

D5 2020 Kopecek - U3V
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Kikuchiho obrazce

Kopecek - U3V

515)


http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCIKMh56znMkCFYNdFAodoa8HMw&url=http://www.ebsd.com/ebsd-explained/basics-of-ebsd/automated-indexing-and-orientation-measurement&psig=AFQjCNEdDBqcvEb5P36V-qSL-DAo492obw&ust=1448019479937435
http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=&url=http://www.digitaloptics.net/vpp.html&psig=AFQjCNEdDBqcvEb5P36V-qSL-DAo492obw&ust=1448019479937435
http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCIKMh56znMkCFYNdFAodoa8HMw&url=http://www.nanophysics.nl/Services/electron-backscatter-diffraction.html&psig=AFQjCNEdDBqcvEb5P36V-qSL-DAo492obw&ust=1448019479937435
http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLTJmKO0nMkCFQPtFAodF1QNBg&url=http://www.gps.caltech.edu/facilities/analytical/sem.html&psig=AFQjCNESdsakilq9qtqoz_BCO8tzrOjodQ&ust=1448019803319451
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Modelovani EBSP obrazcua

9-1 svazkovy model

Kopecek - U3V
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Kratka historie EBSD

1928 Shojt Nishikawa, Seishi Kikuchi — kalcit, 50
KeV elektrony z plynového z vyboje

1972-1979 John Venables
1979-1988 Bristol group — computerisation (D.J. Dingley)
1988-2006 OIM (Yale Univ, TSL, HKL)

52 Pouziti Houghovy transformace pro vyhodnoceni
Kikuchiho obrazct

2006-2012 HR-EBSD (Oxford Univ., BLG, Saint Etienne
Untv, Brigham Univ)

Kopecek - U3V 55



Néco z historie metody EBSD
Viibec prvni Kikuchiho linie

ponrované Kikuchim 1927 v Seishi Kikuchi (standing).
kalcitu. S N

2020 Kopecek - U3V
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Difrakce elektronu

Nobelova cena 1937, za objevy v roce 1927
Clinton Joseph Davisson a George Paget Thomson

- S-CATT.ERlNG OF 75 VOLT ELECTRONS FRDM
A BLOCK OF NICKEL (MANY SMALL CRYSTALS )

SCATTERING OF 75 VOLT ELECTRONS FROM
SEVERAL LARGE NICKEL CRYSTALS

2020 Kopecek - U3V
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Néco z historie metody EBSD

Boersch 1937 Iron Kikuchi
Kikuchi P-pattern from mica. patterns.

D5 2020 Kopecek - U3V
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Philippe T. Pinard

Jak se Kikuchiho linie vyhodnocuji?

Body 1-2

Kikuchiho obrazec
Houghova transformace

Nalezeni pikt a
stanoven{ jejich
intenzity

Nalezeni Kikuchiho past

Jsn202() Kopecek - U3V
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http://www.ebsd-image.org/index.html

O
o
Do
&)
Do
=

Jensen, Jeppe. "Hough Transform for Straight Lines". Mini-project in

Image Processing, 7th semester 2007

Houghova transformace — od 1992

www.cvmt.dk educaﬁon.tauiﬂng/607 MED3/1P/hough lin

http:
es.pdf.

Retrieved 16 December 2011.

(b) Edge detectod muage

Figure 2° An example with an mpur image and the result of the adgze datection,

using the Canny edge detecton

Digance p

Hough ransform

Figure 3: The Hough space of the input image in Figure 2. The dark red points
are the points with the hizhest number of intersections. Many dark red points are
around 90 degrees, 1.e. that the image has many horizontal lines

Kopecek - U3V

Pfevadi kartézské
soufadnice na
polarni a tak
Kikuchiho pasy na
piky, jejichz detekce
je snadna. Je
specialnim pfipadem
Radonovy
transformace
(tomograf). Dfive
probihalo
vyhodnoceni
kazdého bodu rucné
prokladanim car.

60


http://www.cvmt.dk/education/teaching/e07/MED3/IP/hough_lines.pdf

Kikuchiho linie — zpét

2 £

9 Nov 2016 8

R

D5 2020 Kopecek - U3V
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Houghova transtormace

6l
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0 45 95) 135 180

Kopecek - U3V
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Houghova transformace

Slouzi k transformaci Kikuchiho past na piky. Pas — pfimku si parametrizujeme v
polarnich soufadnicich, nacez secteme intenzitu ,,po pfimce.

r=x-cost +vy-siné

Rip.0)= [ [ fx.y)

0(p —x-cos —vy-sinf)dx dy

I_l_l

d-funkce zajist’'uje nenulovost na primce.
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Houghova transtormace

Paul V. C. Hough

Patent US 3069654 A; 18. prosinec 1962
http://www.google.com/patents/US3069654

Patentoval az do roku 2004 (metody snimani v AFM — 3 patenty)
John Simmon Guggenheim fellow 1959 a 1973
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Radonova transformace

Je zobecnénim Houghovy transformace a také je starsi.

Johann Radon se narodil 16. prosince 1887 v Dé¢iné a v letech 1897-1905 |
navstévoval gymnazium v Litoméficich. Od r. 1946 ptasobil Radon jako
profesor na videnské univerziteé, kde vykonaval kratce funkci dékana a
pozdéji v r. 1954 rektora. Zemfel 25. kvétna 1956. (PokrokyMEFA33-5-5)

Allan MaclLeod Cormack (fyzik), Godfrey Hounsfield (elektroinzenyr) —
Nobelova cena za medicinu 1979 za CT tomograf

(PokrokyMFA29-4-196, A.M. Cormack, JAP34-9-2722)

I=1, exp[—-—/L g(s)ds],
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Dva pfistupy

Mikroskopicky — cilem je co nejosttejsi svazek,
ktery co nejméne poskozuje
vzorek

Spektroskopicky — cilem je co nejintenzivnéjsi,
stabilni svazek, ktery co nejméné
poskozuje vzorek

Vysledkem pak, Zze jsme nespokojeni bud’to s
rozlisSenim prostorovym nebo energiovym.
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Analyza slozeni

SEM HV: 20.0 kV WD: 7.60 mm

View field: 1.84 mm m D0 pm
| SEM MAG: 113 x |Date(midry): 06/09/15 Institute of Physics ASCR

. -
SEM HV: 5.0 kV WD: 9.50 mm Ll FERA3 TESCAN

View field: 2.04 mm Det: SE 500 pm
SEM MAG: 339 x  Date(m/dly): 06/15/15 Institute of Physics ASCR

0.0 13 25 39 52 6.5 74 a1 104 117 130
-~ :9. 3. 2020:PS 36993 DT: 251 Lse=c 100.0 33 Cnts BG30 k= Det: D:tampeéek o U3V 67 FZU AV CR,
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Prvkové slozeni zkoumanych
materiald - EDS
Henty G. J. Moselev (1887 — 1915)
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Objev — Moseley 1913

XCIIL. The High-Frequency Spectra of the Elements. PhﬂMagSerieé_26_1 56-1024
By H. G. J. MoszrEY, M. 4.

[Plate XXTIT.]

N the absence of any available method of spectrum
analysis, the characteristic types of X radiation, which

an atom emits when suitably excited, have hitherto been
deseribed in terms of their absorption in aluminium¥., The
interference phenomena exhibite b&' X rays when scattered
by a erystal have now, however, made possible the accurate
determination of the frequencies of the wvarious types of
radiation. This was shown by W. H.and W. L. Braggi,
who by this method analysed the line speetrum emitted by
the platinum target of an X-ray tube. C. G, Darwin and
the author§ extended this analysis and also examined the
continuons spectrum, which in this case constitutes the greater
part of the radiation. Recently Prof. Bragg| has also
determined - the wave-lengths of the strongest lines in the
spectra of nickel, tungsten, and rhodium. The electrical
methods which have hitherto been employed are, hﬂwsver,
only suceessful where a constant source of radiation is avail-
able. The present paper contains a deseription of a method
of photographing I]l]? ese spectra, which makes the analysis of
the X rays as simple as any other branch of spectroscopy.

Kaye;t has shown that an element excited by a stream of
sufficiently fast cathode rays emits its characteristic X radia-

tion. He used as targets a number of substances mounted
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Objev — G.W.C. Kaye

of ms. ptRSLA209—1 23

T ELECTRDSQLME

VI The Fmission and Transmicsion of Hinlgen Reays.

By oW, O Kave, B (Cantal.), B.500 (Lond.), A000C08e, Assoriate- Member

of the Institution of Klectrical Eagineers, Trindty College, Combiidge,
Cormunioated Ty Profl J. 0. Toosson, F.RS.

Beceived June 17,—Read June 25, 1908,
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Fénix povstal z molybdenu

26% AIK

25% SiK

B = Mo

45% FeK

SEM HV: 20.0 kV WD: 9.00 mm FERA3 TESCAN
View field: 104 ym 20 ym

SEM MAG: 2.00 kx |Date(m/dly): 11/07/18 Institute of Physics of the CAS

FeAl20Si20Mo5, arc melting, middle
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Fénix povstal z molybdenu
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D5 2020

WD: 9.00 mm
“Det: SE 20 pm
SEM MAG: 2.00 kx _ Date(midly): 11/07118
FeAI20Si20Mos, arc melting, middie

FERA3 TESCAN|

Institute of Physics of the CAS

Al

A2

(Highlighted Points)/(Total Number of Points) = 0.000
(Highlighted Points)/((Number of Good Points) = 0.000
(Highlighted Points)/((Number of Partition Points) = 0.000

Gray Scale Map Type:mage Quality
597.379...8582.96 (597.379...8582.96)

Color Coded Map Type: Inverse Pole Figure [001]
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Color Coded Map Type: Phase

Total Partition

Phase Fraction Fraction
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I Fe3mi2Sia#83664 0532 0532
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3D EDS — kapka Pb-Sn pajky

Jiti Dluhos
Tescan — Orsay
Holdinng
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Sott X-ray Emission Spectrometer

SXES ty Jeol

D5 2020

Vyvinuto firmou Jeol, prezentovano 2014
Hideyuki Takahashi
Spektralni rozliSeni 0,3 eV
JS50XL 50 — 170 eV
JS200N 70 -210 eV
Spektrum je snimano CCD detektorem
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SXES — schéma pristroje

Traditional

wavelength
dispersive
spectrometer

Analyzing

\/><erstal
]

-

;

X-ray
detector

Soft X-ray
emission
spectrometer

2k x 2K
CCD

e Grating
Mirror

Hideyuki Takahashi, Microsc. Microanal. Suppl., Dec. 2014, S4-S8
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Katodoluminiscence v piskovci

Sandstone
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Panchromatic CL (20 kV)

Y. °

N = i ;"’\ B ey | 1 V a
& o h sl
o g - 2 ‘. /-'r'. 7 -7
b ) ‘Al ; DR = B SEMHV: 30.0kV | WD:19.07 mm

@ ‘ ] ( ) ’7 ; { A s .'\ 5 View field: 300 pym = Det: CL Color

DUORE, SEM MAG: 239 x BI: 18.00

BSE image (20 kV, 1 nA) Color CL (30 kV, 5 nA)
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CL v riznych pristrojich

- &

M MW Ot Cobee OL
O — Vi St 150 v 556 o
SO AT W L3 1

Obr. 1 Totéz zrno kiemene z teplického ryolitu v rizném zobrazeni:
a) CL s horkou katodou (UGV, PiF MU Brno)
b) barevné rastrovaci CL (Tescan, Brno, foto J. KolosSova,)

¢) panchromatické skenovaci CL (obraz slozen z dil¢ich ¢asti; UGV, PfF MU Brmo, foto R.
Skoda).

,,,,,,,,,,

Katefina Svecova in Vyuziti katodové luminiscence a LA-ICP MS
pfi studiu vnitfni stavby minerald, 14. listopadu 2012, v budov¢ dékanatu PfFF MU, Brno, pp. 6-7
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CL detektor ty Gatan

Spher‘lc:ﬂ Birrors:

79
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3D katodoluminiscence
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Electron Beam induced Current

Modul fy Tescan
Predpéti v intervalu -5az 5V
16-bitovy AD pfevodnik

s

-2 5

SEM HV: 10.0 kV WD: 10.27 mm FERA3 TESCAN \
e

View field: 524 pm Det: SE, EBIC 200 pm
SEM MAG: 396 x Date(midly): 04/07/14 Performance in nanospace
A A
s
v,

Ge tranzistor
EBIC signal je mozno zobrazit

cernobile nebo softwareové pfiradit
barevnou skalu.

Nalevo obraz v SE elektronech,
napravo EBIC signal.

AT s & VG O
SEM HV: 10.0 kV | WD: 10.27 mm FERA3 TESCAI
View field: 134 pm | Det: SE, Color EBIC 100 pm

SEM MAG: 1.54 kx Date(midly): 04/07/14 Performance in nanospace
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PV Lt

.
MakeAGIF.com

Up: SE signal FIB of CIGS ~ Down: EBIC signal FIB of CIGS

MakeAGIF.com
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Dekuyt za pozornost!
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