Wybrane wyniki otrzymane w
Pracowni Mikroskopii

Elektronowej UMCS

Michat Rawski, Grzegorz Sfowik




Skaningowy Mikroskop Elektronowy
FEI Quanta 3D FEG

Obrazowanie
EDS
Ciccie F

Transmisyjny Mikroskop Elektronowy
FEI Titan G2 60-300

Obrazowanie TEM
Obrazowanie STEM
EDS
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4:10:52PM | 500 kY| 100x |11.4 mm

4/17/2012‘ Hv ‘mag B| WD ‘ pressure |

6.68e-3 Pa | Quanta 3DFEG

Y.odyga trawy

41712012 HY |mag @| WD pressure | 20 pm
4:15:44 PM|5.00kV | 2500 [11.9 mm|2.71e-3 Pa| Quanta 3DFEG




7| 1/20/12012 HV’ mag H D pressure | — 50 ym ——
7% 11:56:24 AM [20.00 kV| 650x [10.0mm|2.73e-4 Pa| Quanta 3DFEG

1/20/2012 ‘ Hv ‘mag H| WD ‘ pressure | —— 500 nm ——

12:00:04 PM

Nanorurki weglowe

20.00 kV |65 000 x | 10.4 mm|2.73e-4 Pa| Quanta 3DFEG

1/20/2012 HV mag B| WD pressure | S pum
11:57:33 AM | 20.00 kV| 8 000 x | 10.4 mm |2.73e-4 Pa| Quanta 3DFEG




9/2/2011 HV mag = = WD J pressure |imRatio 1 um
12:46:06 PM|30.00 kV/|80 000 x 9.8 mnfi3.50e-4 Pa 1‘00 Quanta 3DFEG

9/2/2011 HV mag o WD | pressure | 50 nm
1:06:41 PM 30.00 kV|2 000 000 x|9.8 mm|3.13e-4 Pa Quanta 3DFEG

Grafit

\

9/2/12011 HV mag © WD  pressure 400 nm
12:44:35 PM|30.00 kV|250 063 x/9.8 mm 3.50e-4 Pa Quanta 3DFEG
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Hv ‘ mag BH| WD ‘ pressure |

12/8/2011
1:35:22 PM | 5.00 kV | 10 000 x| 9.6 mm | 2.13e-4 Pa| Quanta 3DFEG

12/8/2011 HV mag | WD pressure 5um . .
1:51:35 PM| 5.00 kV | 9 994 x “100mm 2.13e-4 Pa Quanta 3DFEG 1:43:30 PM

12182011 HV ﬁilag H WD pressure | 300 nm
30.00 kV| 125000 x | 9.5 mm |2.13e-4 Pa| Quanta 3DFEG




11/18/2011 HV mag O| WD presQure | 400 pm B 118/2011 HV mag O| WD prefsure —5 pym ——

10:19:47 AM [30.00 kV| 202 x |[11.0 mm|5.10e-Q§Pa Quanta 3DFEG g” | 10:53:06 AM ‘20‘00 kV|12 014 x[10.8 mm|4.2084 Pa| Quanta 3DFEG

£ I
11/18/2011 HV mag O WD pressure — 50 ym — 7| 11/18/2011 HV mag O W pressure —1pym——
10:21:38 AM |30.00 kV| 1 036 x |10.3 mm|3.64e-3 Pa Quanta 3DFEG 10:56:04 AM | 20.00 kV| 49 969 x |10.8 mm |3.83e-4 Pa Quanta 3DFEG
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1:10:42 PM | 5.00 kV
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6/26/2012 | HV ‘mag || WD 6/26/2012 | HV mag @ | WD 200 hm
1:22:17 PM | 30.00 kV| 200 000 x [ 9.8 mm |5.6 Quanta 3DFEG

1 000 x 10£,?1m,7.0 e-4 Pa Quanta 3DFEG

-y

6/26/2012 HV WD presure 10 gm 7o | 6/26/2012 HV mag H| WD pressure — 500 nm ——
:08:56 PM | 5.00 kV | 5000 x |10.5 mm|7.03e-4 Pa Quanta 3DFEG 1:14:25 PM | 5.00 kV |65 003 x | 10.5 mm|6.28e-4 Pa Quanta 3DFEG




11/2/2011 HV mag © WD | pressure imRatio 3 um
1:58:39 PM 30.00 kV 25 000 x 9.9 mm|2.50e-4 Pa 1.000 Quanta 3DFEG

11/3/2011 HV mag o© WD pressure |imRatio 3 um
9:44:53 AM 30.00 kV|25 003 x 10.4 mm 1.26e-3 Pa| 1.000 Quanta 3DFEG
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11/2/2011 HV mag = WD | pressure imRatio 3 um 11/3/2011 HV mag o WD pressure imRatio 1pm
1:40:52 PM 30.00 kV|25 000 x 9.8 mm 3.06e-4 Pa| 1.000 Quanta 3DFEG 9:42:28 AM 30.00 kV 65 047 x/10.4 mm|1.41e-3 Pa  1.000 Quanta 3DFEG
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10/31/2011 HY mag o | WD  pressun 50 pm —— 11/2/2011 HV mag o WD ressure 100 nm
8:39:40 AM 39.02 ky 1200 x(9.7 mm 1.04e—é 8:511:37 AM|30.00 kV|1 000 000 x 10.0 1.18e-3 Pa Quanta 3DFEG
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11/2/2011 HV mag © WD | pressure imRatio 11/2/2011 HV mag o WD pressure 300 nm
9:14:42 AM 30.00 kV 25 000 x 9.9 mm 4.80e-4 Pa 1.000 Quanta 3DFEG 9:04:21 AM 30.00 kV/300 000 x/10.0 mm 6.72e-4 Pa Quanta 3DFEG
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9/23/2011 HV |mag o WD pressure |imRatio 50 pm i | 20222012 HV mag B WD pressure | ——— 20 ym
"18:44:35 AM 30.00 kV|1 500 x 10.0 mm 1.59e-4 Pa  1.000 Quanta 3DFEG “%2:11:06 PM | 5.00 kV | 1 750 x |10.8 mm|5.25e-4 Pa| Quanta 3DFEG

Sol kuchenna samers Krystaliczny
| cholesterol

Kulka C aC 03 1 /1 2/2011 HV 0 ‘ pressure ——— 500 nm

2:47:54 PM|30.00 kV| 130000 x |10.3 mm|1.21e-3 Pa Quanta 3DFEG
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Kulka z krzemionki

#

nlox

2/16/2012 | HV |mag @| WD | pressure | 20 pm - 8/30/2011 | HV |mag = | WD | pressure [imRatio —— 50 pm ——
12:39:16 PM | 5.00 kV | 2 500 x [11.1 mm|6.05¢-5 Pa Quanta 3DFEG 2:32:24 PM 30.00 KV 1077 x/9.5 mm|2.86¢-4 Pa| 1.000 Quanta 3DFEG
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10/17/2011 HV mag O| WD pressure 200 pm

[ 11/3/2011 HV mag o WD pressure |imRatio — 1 gm——
12:29:13 PM | 2.00kV| 500x |9.6 mm |2.13e-4 Pa Quanta 3DFEG

1:06:42 PM 30.00 kV 50 027 x 10.3 mm 7.52e-4 Pa  1.000 Quanta 3DFEG







Epitaksjalna warstwa GaAs

Element Wt % At %

CK 0.59 3.37
OK 0.55 2.36
SiK 0.15 0.37
SbL 0.15 0.08
MnK 0.15 0.18
FeK 0.15 0.19
CoK 0.08 0.10
NiK 0.14 0.16
GaK 4731  46.64
AsK  50.74  46.55
100.000 100.000




Trawa z naniesiong krzemionka




Uszkodzony nosnik XPS




Kulki CaCO3




Powierzchnie trace stali
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@s| 43012012 | HV  |[mag @| WD | I
i ]10:01:46 AM |30.00 kV| 8 000 x | 9.8 mm |1.19e-4 Pa Quanta 3DFEG 11042020 | 1ps | 300k

5pm 1202 el HY | HFwY pressure | A 5 || LA ‘ 1202 chwvell HY | HFwY | pressure S 5 || s

230pm | 1.59e-4 Pa | Quanta 30 FEG 1444580 | 100ns | 300kY | 166pm | 39264 Pa Guianta 30 FES
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4/18/2012 HY |mag @B| WD pressure . 5pum
8:16:48 AM | 5.00 kV | 6 500 x [10.0 mm |4.19e-4 Pa Quanta 3DFEG

Probka 6H-SiC gotowa do
badania TEM 8%, | 4/18/2012 ‘dwell HV ‘ HFW ‘ pressure | det | 3um

e

e |9:51:07 AM | 30 ps | 30.0 kV |9.95 pm|1.11e-4 Pa|ETD| Quanta 3D FEG
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1/27/2012 HV mag B WD pressure | — 1 ym — f 1/27/2012 HV mag B WD pressure | 3 Pm
10:45:21 AM | 5.00 kV | 25 000 x [10.0 mm|7.24e-5 Pa| Quanta 3DFEG #0%110:56:42 AM | 5.00 kV | 15 000 x [10.1 mm|7.40e-5 Pa | Quanta 3DFEG

Struktury
spintroniczne

‘ 1/27/2012 ‘ HV ‘mag m| WD " pressure | —— 500 nm ——

10:52:11 AM | 5.00 kV | 65 000 x |10.1 mm | 7.40e-5 Pa| Quanta 3DFEG




Testy rozdzielcze (operatora) FIB

gla | 1211472011 ‘ HY |mag @| WD ‘ pressure | 5 um

‘ 10:09:26 AM | 5.00 kV | 7 076 x | 10.0 mm |9.27e-5 Pa| Quanta 3DFEG










Krzemionka
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Badanie krystalografii nanoczastek
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Badanie krystalografii nanoczastek
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Krystaliczne nanoczastki Ag




Katalizator Pd-Zn/C
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Paosition (nmj)




Element
C(K)
Zn(K)
Pd(K)

Energy (keV)

Weight % | Atomic %
58.24 90.73
17.41 4.98
24.33 4.27



Weight % Atomic %

82.97 97.16
7.09 1.52
9.92 1.31

Counts

Energy (keV)




219 &
Pazn (111)
2054

Pazn 200)
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Rozklad wielkosci czastek PdZn

Zn-2.5-Pd-15/C,

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30
DIAMETER OF Pd/Zn [nm

Zn-3.5-Pd-15/C,,,

0 2z 4 6 8 10 12 14 16 18 20 22 24 26 28 30
DIAMETER OF Pd/Zn [nm]
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Katalizator KCoOx/CeO2

Zdjecie STEM Zdj¢cie TEM




Mapki 2D z wybranego obszaru

0-K

1 50 nm

e 50 WA

50 m

Fragment
mapowanej
probki

1 350 nm




Podsumowanie:

Mikroskopia elektronowa pozwala na osiggnigcie bardzo
duzych powigkszen 1 obserwowanie obiektow w skali
atomowe]

Mozliwe zastosowania do szerokiej gamy materialow, od
roslin 1 wirusOw po potprzewodniki 1 kompozyty

Dzigki metodom spektroskopowym takim jak EDS mozna
okresli¢ sktad 1 roztozenie pierwiastkow w danej probce oraz
oszacowac jakie zwigzki chemiczne budujgq materiat

Dyfrakcja elektronOw oraz zastosowanie w obrazowaniu FFT
pozwala na zbadanie wlasciwosct krystalograticznych
badanego materiatu




