Skenovaci elektronova mikroskopie

(Uvod do historie spise nez pouzit

Jaromir Kopecek
Oddéleni materialové analjzy FZU AV CR
kopecek@ftzu.cz



Elektronova mikroskopie
Proc byla vyvinutar

* Ma vétsi rozliSeni nez opticka mikroskopie
* Umoznuje sledovat:

— Poruchy krystalové mfize

— Bunéecné struktury

* Pracuje s dobfe zvladnutou elektfinou

1822025 Kopecek - U3V
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Flektronova mikroskopie

Proc¢ byla vyvinuta?
Abbeho kritérium pro rozlisSeni mikroskopu
1873:  d = —— = 22 200 nm

2n sin a a

1822025 Kopecek - U3V



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 106U )]|1/2

A =

cozje A =38.8 pm pro E =1 keV a 6.98 pm pro
30 keV.

1822025 Kopecek - U3V
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FElektronovy mikroskop

Transmisson electron microscope
(TEM)

Electron gun
I I

Projector lens

CCD Camera

E

Scanning electron microscope
(SEM)

Electron gun '

A

Condenser

Deflection ¢

imen\\\g

Spec

Harald Hagendorfer, PhD thesis, EPMA, 2011

Kopecek - U3V

6



Skenovaci elektronovy mikroskop

Tescan FERA 3 Jeol JXA-733

1822025 Kopecek - U3V



Pohyb elektronu v
elektromagnetickém poli

/m\ Lorentzova sila:
H
(a) >

\_/\_/ F=—eE+vxB)

Diky ni se elektron

' ‘<\\ pohybuje po Landauovych

weet hladinach a staci se o o:

e T
’, . VIRV v l\?:: — T .’ Bz {lz
Sila magnetické cocky 8mol "

12 eBga® Pro k* << 1je v = 7k
SmU
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Rozliseni, hloubka ostrosti a zvétseni

Resolution §
10pum Tum 100nm 10nm
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a.\p\=0,1 mrad
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Magnification M
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Slozeni SEM

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

* Detektory

1822025 Kopecek - U3V
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a) Thermionic gun
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/.droje elektronu

Jas Velikost stopy Energiovy
(ze zdroje) rozptyl
[A/cm? st ] t [wm] AE [eV]
2x10* 10-50 1-3
10° 10-50 0,5-2
i) 1 0,4-0,6
104 0,003 0,2-0,4

000.H
02-¢ 20 35 000 00
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Field emission electron microscope

e /konstruovan Mullerem 1937

o Zvétseni do 10° x, rozliSeni 60 pm a lepsil

* Na snimku a) hrot W (110) s povrchovou kontaminaci a

b) W(111) hrot

1822025 Kopecek - U3V
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Erwin Wilhelm Muller

Prvni, kdo pozoroval atom, se studentem
Kanwarem Bahadurem

§ Erwin Wilhelm Miiller — Biographical
Memoirs of the National Academy of
Sciences.pdf

{ o Tl 0% 03 el A SRR B0 i

Student Gustava Hertze, Ing. 1935, doktor
1936 (FIM s rozlisenim 2 nm), Vyzkumny

ustav Siemensu,
John Panitz

lezl:
1068 Vynalez

FEEM
FIM
Atom Probe

1822025 Kopecek - U3V 13



Material hrotu elektronového déla
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FIG. 2. (a) FIM and (b) FEM patterns of the CeBg-CFE. The FIM pattern was R
obtained in H, as an imaging gas. The fourfold brighter regions in the FEM pattem  FIG. 5. (a) Energy distribution of the CeBe-CFE and W(310)-CFE at an anguia

: : : current density of 10 zA/sr. (b) Energy width as a function of angular current den
correspond to equivalent crystal planes of the (310) plane, which are also ewdentU 2 siy. The smaller energy wth of the CeBe-CFE indicates that s monochromatict

in the FIM pattem. is superior to that of the W(310)-CFE.



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

Kopecek - U3V
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Schéma interakcni oblasti

PE - Primarni svazek

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

Augerovy elektrony

-«—— Electron range R

1822025 Kopecek - U3V 17



Spektrum elektront ze vzorku

SE |

‘ L e
I I LLE

|

|
w [
Z | Plasmon

losses \

|

I

| |
0 50 eV 2keV E=eU
Electron energy —=

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

primarnimu svazku je jen nckolik stovek eV, backscattered electrons (BSE) — zpétn¢
17. 3. 2026drazené elektrony Kopecek - U3V 18



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: 44.1 ym | Det: SE, InBeam, BSE, InBeam BE
Vac: Hivac SM: RESOLUTION

+ Higher surface + Large field of + lower topography

SCOSIEVILY view info

= better resolution

1822025 Kopecek - U3V 19
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Detekce elektronu

BSE Detector
SE Detector \

Column

ET Detector

| BSE Detector

Sample Kopeéek - U3V

|
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, Ze civka funguje jako cocka
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

22
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Manfred von Ardenne

20 January 1907 — 26 May 1997
Ast 600 patentt

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

1931 poprvé predvedl princip televize —
skenovani obrazu.

Kopecek - U3V
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Flektronen-
Ubermikroskopie
Physik - Technik - Ergebnisse

Manfred von Ardenne

Mit einem Titelbild,
einer photographischen Tafel
und 404 Abbildungen

Berlin

Verlag von Julius Springer
1940

-— g
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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.

1822025 Kopecek - U3V 29



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

1822025
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Univerzalni
elektronovy
mikroskop pro energie

200 az 300 keV, M.
von Ardenne, 1941-43
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Prvni BSE skenovaci obraz, von Ardenne

layer Structures obligue /amjm‘m
(partially scribed) Ught Strip

1

-

10 20 310 mm

1 I

semiconauctor plate (layer (u,0)
17. 3. 2025 Kopeéek - U3V
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USA - Vladimir Kosma Zworykin

James Hillier

V. K. Zworykin

SciAm1942-111 '
72,2025 e B Richard L. Snyder

29



USA - Vladimir Kosma Zworykin

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

Pioneers of Electron Microscopy at Washington
State University and Their Work

Zensaku YosHII

Department of Microbiology,

Yamaguchi University School of Medicine
Ube, Yamaguchi-ken

Japan (733)

(Received November 2, 1970)

Bull, Yamaguchi Med. School, Vol. 17, MNos. 3~.4, 1970

SUMMARY

The first appearance of a transmission-type electron microscope in North America
wis reported to have occured in Toronto, Canada in 1939. However, two physicists,
Paul A. Anderson and Kenneth E. Fitzsimmons) had worked toward the develop-
ment of electron microscopyfjat Washington State Universitylin Pullman from 1931-
38. Moreover, they built a prototype electron microscope before 1935]and per-
formed many kinds of electron optical experiments. Unfortunately, their pioneering

U. of Washington did pioneering research in CFEG 1n 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.

(820005 Kopecek - U3V Al @



Historie EM v Evrope

Siegbahn-Schonanderav
electronovy microskop,

Stockholm, okolo 1943.

Toulouse, 1942

17. 3. 2025 2 Kopeéek - U3V
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Francie 3MeV SEM

G2 Steel
Brass
Duralumin
= Lead

G. Dupouy, E Perrier: 12. 1960 1 MeV, 5. 1969 2 MeV
1822025 Kopecek - U3V
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BE— NN””/”\\

F1G. 15. Stainless steel: twin boundary dislocations; diffraction pattern from the over-
printed selected area; V=1 MV.

.‘!‘l |
A ~.- AL
M5.nd 7

Fi1G. 21. First image obtained at 2 MV: precipitates in an Al-Cu alloy.

1822025 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'csmndil

to spot 3

opecek - U3V

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

St
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EM v biologti

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

Ackoliv to tak nevypada, biologické aplikace staly téz u zrodu SEM.

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

Microsecope.
7522005 Kopecek - U3V 36



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).

1822025 Kopecek - U3V
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Prvn{ komercne, sériove vyrabeny
EM, Siemens UM 100, 1939

, IS

1822025
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Prvni komercne dodany S

4 M Stereoscan

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

1822025

Kopecek - U3V

1953
70k

vyroby!
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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 . ..vvvrornttt et eineaiaranenanseananssrannraenssarsssssnanns 63
II. Constiruction of the First Electron Microscope in Czechoslovakia................ 68
II. Desk Transmission Electron Microscope BS 242 ... ... . ririiiniriiiinnnnnnes 69
1V. Production of Electron Microscopes in Czechoskovakia.................cvv.nn. 74
B T LT o 76
Appendix A: Bibliography of Related Publications. . .............coiiivneninn.. 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

40



Historie EM v Ceskoslovensku

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

A. Delong, V. Drahos§, L. Zobac, J. Specialny
17. 3. 2025 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/
1822025 Kopecek - U3V
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http://brnensky.denik.cz/serialy/jeden-z-nejlepsich-vedcu-sveta-bada20081013.html
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1822025

Delong Instruments

Kopecek - U3V
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Ales Blaha (1906 — 19806)

Prvni model elektronového oscilografu sestaveny

Alesem Blahou 1936.

CsCasFyz61-5-304 - 314

Kopecek - U3V
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Tesla BS 242 ocenény 1958 v Bruselu

Kopecek - U3V

45



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
rozliSenim prostorovym nebo energiovym.

1822025 Kopecek - U3V 46



Dalsi, ,,analytické® metody
doprovazejici v instalacich SEM

* EBSD (orientace)
* EDS (slozeni)
* CL (slozeni, typ vazby)
* EBIC (typ vodivosti)
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Jaké udaje nam EBSD davar

Orientaci krystalové

1 A r 1°k r T
o Rozlozeni velikosti zrn
mrize . .
Vlastnosti hranic zrn
RD
TD Gray Scale Map Type:lmage Quality
TD 474449 390913 (47 445350913
RrD Color Coded Map Type: =none= O
RD
Gray Scale Map Type =none= Boundaries, Rotation Angle Fézové Sloieni
Gray Scale Map Type:<nones Min  Max  Fraction Mumber Length BD
Color Coded Map Type: Inverse Pole Figure [001] _— 5" 0.020 51493 6.00mm
Austenite Color Coded Map Type: Grain Size 5 107 DDZ - 3080 3.53mm
— 15% 180° 0.9a0 243496 2812 c¢m
111 " 10% 157 0017 4452 214 mm
Total Partition Gray Scale Map Type =none=
Min LR Fraction  Fraction Boundaries: CEL
o 20 0.561 0.561 - .
- a0 =0 0303 0,303 Sigma Tolerance  Fraction  Wolurne  MC Color Coded Map Type: Phase
I 0 100 0105 0408 3 8,66 0238 00176 13
100 500 0'031 0'031 9 5.00 0.025 o102 2.4
oo 101 :||:| co0 1000 D.DDD D'DUD — 5 6.71 0.006 00123 0 Total Fartition
’ : _T 567 0.006 0ooas  0f i i
Ferrite I 1000 50000 0.000  0.000 i 452 0o0s  DooTs 07 Fhase Fraction  Fraction
. —— i3 18 ooz ooozs oe M Austenite  0.808  0.809
Boundaries: Rotation Angle — 13 418 noos  oooss oe [ Ferite 0.091 0.091
Min  Max  Fraction MNumber Length — 15 287 0005 00094 0f
— 15" 180" 0.850 243496 2812 cm —_— 172 9 R4 .00 00020 04
— 17b .64 o003 oopas o Doundaries:=none=
o ) o o . — 181 344 0.00z 0.0033  0hs E2] 5.1 TICrons
oo P *Forstgtlstlcs_- any pplnt pair with misorientation — qob 344 0.002 00022 0732 405 4RT G54 micrahs
axceading 2° s considered a boundary — 213 3.27 0.001 00019 066 323 372.968 microns
total number = 256201, total length = 29.58 cm) — 21b 3.27 0.003 00057 042 758 871.789 microns
Boundaries: =none= L —_— 23 313 0.oo02 0.o0a0 045 A749 GE8.571 microns
summary - 0,305 00976 313

*Far statistics - any point pair with misorientation
exceeding 2° is considered a houndary

17 3 2025 I<Op€é€k total number= 256201, total length = 29.58 crm)



Metalograficky vybrusz pivni
zatky

100 um Phase Map

L 7. 7. NI )




Metalograficky vybrusz pivni
zatky

N
5

Smér valcovani
Prodlouzena zrna

kluzove,pasy
Lokahzovana deformace

=

ot .

100 um Phase Map

L 7. 7. NI )




EBSD — principy a pozice detektort

Elactron

Primary e-baam

Phosphor screan \ B30

EBSP K
dadactor

EBSP (202)

FsD
EBSP

Sampla

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

1822025 Kopecek - U3V 52
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Kikuchiho obrazce

Kopecek - U3V
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Modelovani EBSP obrazcua

9-1 svazkovy model

Kopecek - U3V
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Kratka historie EBSD

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

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

SR 002 Pouziti Houghovy transformace pro vyhodnoceni
Kikuchiho obrazct

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

1822025 Kopecek - U3V 53



Néco z historie metody EBSD
Viibec prvni Kikuchiho linie

ponrované Kikuchim 1927 v Seishi Kikuchi (standing).
kalcitu. e

1822025 Kopecek - U3V
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Difrakce elektronu

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

o S-CATT.ERlN'G OF 75 VOLT ELECTRONS FROM
A BLOCK OF NICKEL (MANY SMALL CRYSTALS )

SCATTERING OF 75 VOLT ELECTRONS FROM
SEVERAL LARGE NICKEL CRYSTALS

1822025 Kopecek - U3V
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Néco z historie metody EBSD

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

1822025 Kopecek - U3V
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Uprava komory Cambridge

Stereoscanu pro EBSD
John A. Venables 1973 — zaznam na film

17. 3. 2025 pm27-5>-1193 Kopedek - U3V
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Philippe T. Pinard

Jak se Kikuchiho linie vyhodnocuyji?

Body 1-2

Kikuchiho obrazec
Houghova transformace

Nalezeni pikt a
stanoven{ jejich
intenzity

Nalezeni Kikuchiho past

=52 2025 Kopecek - U3V
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http://www.ebsd-image.org/index.html

Houghova transformace — od 1992

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

Image Processing, 7th semester 2007

http:
es.pdf.

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

1822025

Retrieved 16 December 2011.

(b) Edge detected maage

Figure 2: An example with an input image and the result of the edge detection,

using the Canny edge detecton

Digance p

Hough ransform

Figure 3: The Hough space of the input image in Fizure 2. The dark red points
are the points with the highest number of intersections. Many dark red points are
around 90 degrees, 1.e. that the image has many honizontal 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.
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http://www.cvmt.dk/education/teaching/e07/MED3/IP/hough_lines.pdf
http://www.cvmt.dk/education/teaching/e07/MED3/IP/hough_lines.pdf

Kikuchiho linie — zpét ke korentim

9 Nov 2016 §

1822025 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-cosf —vy-sinf)dx dy

I_l_l

d-funkce zajist’'uje nenulovost na pfimce.
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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

DifFerence,

Yedeo lrppus

Amplefier
222

To Osclééoscope

c
ciipper JS_ Pulse

BIE

Veréical Drive,
From Felevisior
SYrcizroniIiRG

Generator

Ny

i

A

|

1822025

2

fBansogger
yiﬂa,;" D 77
“YOINTANI

_E - 3 CRT cathode —.]
Paid 228, 228, 232,
5z s. - -
peta Garuidr ble fabie Uriblarking
Colncidence . Multe- Pulse
; 28— sl —_—
P £ Irigger ﬂz‘fti‘o)- vibraftor Delay
Dese Chrcwits & Trigaer Azl e
Jl—2 < sec To osciddoscope
Yertical Defrec-
Tb—2« s£c 235 Erorm FPlabfes —
7 s sFC | Fese#
| Ll efrer

(@3 sEC 236 Arpiyfzer '
Jt 239

iﬁwlzfz’er

P

is& _;3:.;152 I

SEC =5 2FE
O34t SEC. 50 To Fov; 2o SEC-+] -
/ Inveréer

Frxed
Line
his Generator| S s

o Lpplifrer |
25Z)
Uy Verércal
Saw oot

Generator

250,

&5 T2,

ZesEC e
W varrasze
Lire B
S
Gererafor S
.I [ @72 SEC S - O Fiie SEC

——

"I 2N =5 2
b

HoriFontal Deflecéion

Frore Felevision Carmera

HoriFornial
Deflection
Mgl iféer

§ T Osciifoscope
S| Al derr Armplerzer Horegonial
7 75z Deflectsor Peates

Kopecek - U3V

Stanley R. Deans, Hough Transform from
the Radon Transform, IEEE trans.
PAMI3-2-185
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http://www.google.com/patents/US3069654

Radonova transformace

Je zobecnénim Houghovy transformace a také je starsi.

Johann Radon se narodil 16. prosince 1887 v Dééiné a v letech 1897-1905
navstévoval gymnazium v Litoméficich. Od r. 1946 psobil Radon jako
profesor na videniské univerzité, kde vykonaval kratce funkci dékana a
pozdéji v r. 1954 rektora. Zemfel 25. kvétna 1956. (PokrokyMFA33-5-5)

Allan MacLeod 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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4

Metody vyhodnoceni EBSD

Hl DI 41 53 68 88 113158 Ultramic207-112841
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Vyhodnoceni Kikuchiho obrazct
pomoci sférickjch harmonickych funkef

c*)ss-correlation

Master pattern

Detector pattern

Note: this analog to the 2D lighthouse example is oversimplified.
One difference of 3D spherical problem relative to the 2D planar
example is the rotational component.

S. Wright, IMC-20, Busan, Korea 2023
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Kanalovani v pfimém obraze

Kfemikovy
Watter — vzorek
M. Davydové

SEM HV: 20.0 kV ‘ WD: 25.00 mm I | FERA3 TESCAN

View field: 12.4 mm ‘ Det: SE 2 mm
SEM MAG: 17 x ‘Date(mldly): 05/18/18 Institute of Physics ASCR

Kanalovani na Si
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SEM HV: 20.0 kV

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

o -
SEM HV: 5.0 kV WD: 9.50 r;im || | 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

—= ¥ T v
el iz 25 £ L] 52 6.5 T4 al 104 1.7 130

- :Tl:’7. 3. 202?35: B985 DT 251 Ls=c: 100.0 753 Cnts B30 k=¥ Diet: Dchmpeéek 2 U3V 69 FZU AV CV:R,
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Analyza prvkového slozeni

Cu_C|Cu_C-2| Area 8 | Selected Area 4

€ Kal Cu Lal
144K+

128K

11.2K7

9.6K

8.0K

6.4K7

Status: Idle

Kopecek - U3V

CPS: 29408

DT

Ti Kad

BaLed

Lsec: 20.0

45 Cnts

Cu_C| CuC-2| Area 8 | Selected Area 1
Cu €| Cu_C-2 | Area 8 | Selected Area 2

Cu_C| Cu_C-2 | Area 8 | Selected Area 4

11.610 ke

104 17 130

Det: Octane Super
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Prvkové slozeni zkoumanych
materialt - EDS
Henry G. ]J. Moseley (1887 — 1915)
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Objevitel charakteristického zafeni atomu
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Objev — Moseley 1913

XCIIL. The High-Frequency Spectra of the Elements. PhﬂMagSerie6_26_1 56-1024
By H. G. J. MosgLEy, 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&f 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. Braggt,
who by this method analysed the line spectrum emitted by
the platinum target of an X-ray tube. C. G, Darwin and
the anthor§ estended this analysis and also examined the
continuous 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 hitherts been employed are, hﬂwsvar,
only suceessful where a constant source of radiation is avail-
able. The present paper contains a description 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
17. 3. 2025 Kopetek - U3V



Fénix povstal z molybdenu

26% AIK

25% SiK

B Mo

SEM HV: 20.0 kV WD: 9.00 mm FERA3 TESCAN
45% FeK

View field: 104 pm 20 pm

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

FeAl20Si20Mo5, arc melting, middle

1822025 Kopecek - U3V
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Fénix povstal z molybdenu
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Fénix piistal

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:image Quality
597.379...8582.96 (597.379...8582.96)

Color Coded Map Type: Inverse Pole Figure [001]
Plane Normal (Pole)

AlSiMo
1070
0001 2110

center || [001]

Color Coded Map Type: Phase

Fe3Si-D0_3
i1e Total Partition
Phase Fraction Fraction
Bl wisivo 0.055  0.055
I Fe3mi2Sia#83664 0532 0532
[ ] Fe3si-D0_3 0185  0.184
FeSi-#76945
Bl resi#76945 0229 0229
| \ Boundaries: =none=

Boundaries: <none>

WD: 9.00 mm FERA3 TESCAN|
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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

1822025

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

Kopecek - U3V
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SXES — schéma pristroje

Traditional
wavelength
dispersive
spectrometer
h
Analyzing

\/><erstal

i ]

7

X-ray
detector

Soft X-ray
emission
spectrometer

2k x 2K
CCD

W Grating
Mirror

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

Sandstone

. — 3 - - Na : : ;
e o R ¢ I . ,-Ctl g g . ‘.- | . = (3 < ; A
' A : g ) ‘ ¥
ol _ 2 ARG S - . ' - y
G S ‘ s / 1 = o : :
i g WS > e . X > . .
>y f'& AR5 Panchromatic CL (20 kV)

y. °

; = ; = ‘ \ g » ¢ 1
. R ‘\ ;? " \,‘. e ey i /,‘ F -~ :
U Ba of "
%X \ ' 7 /-'r'. 7 o7
¥ el @f"x ; DR =) i SEMHV: 30.0KV | WD: 19,07 mm

ﬁ ¢ I3 ki SR View field: 800 ym  Det: CL Color

DRURYE, (R 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

- &

W MW Ot Cobee OL
WO S — Vi St 150 w556y
BN 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, Bmo, foto J. Kolosova,)

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

oW .

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

Spher‘lc:d Birrors:

Kopecek - U3V
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153

3D katodoluminiscence

Kopecek - U3V
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Electron Beam induced Current

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

SEM HV: 10.0 kV 8 FERA3 TESCAN \
View field: 524 pym Det: SE, EBIC 200 pm *
SEM MAG: 396 x Date(m/dly): 04/07/14 Performance in nanospace
s Vel
o
v

Ge tranzistor
EBIC signal je mozno zobrazit

cernobile nebo softwareove pfiradit
barevnou skalu.

Nalevo obraz v SE elektronech,
napravo EBIC signal.

P ¥ Zoed @ %
SEM HV: 10.0 kV WD: 10.27 mm FERA3 TESCA

View field: 134 pm Det: SE, Color EBIC 100 ym
SEM MAG: 1.54 kx Date(m/dly): 04/07/14 Performance in nanospace
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o™ ST

:
MakeAGIF.com

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

MakeAGIF.com
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Tescan iFIB+™ Xe

lon gun 7 Scanning octupole

Condensors lens 8 Objective lens

) FIB rozliSeni < 12 nm
Piezo apertures

BeamBlanker ~Maximalni proud na
FaradayCup  vzorku az 3 pA

Gun valve

Kopecek - U3V

blasma FIB
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Fokusovany tontovy svazek — FIB
Pouziti masky v nevzorovém pripade

resonance in submicron amorphous wires, J. Magnet. Magn

L. Kraus, J. Kopecek, Surface anisotropy and spin wave
Mat., 473, 284-290, (2018)

R oimcab bl J . i o
View field: 394 ym 100 pr¥ZU - Institute of Physics of the CAS
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Dekuyt za pozornost!
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