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MEB ZEISS Gemini 500 20 nA

Resolution 1.2 nm (500 V) 1.8 nm (3kV, 50 Pa VP)

1.1 nm (1 kV)

0.6 nm (15 kV) 0.9 nm (1kV, Sample Bias)
Beam Current 3 pA (1 kV) - 20 nA (30kV), 2 Gun Modes, 14 Steps

Variable Pressure ;,—5% Pa high resolution configuration
5 = 150 Pa large field of view configuration

1.8 nma30Paet3kV
EBSD — EDAX HIKARI SUPER

Notre configuration
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Pression Variable dans le SEM: Une facon simple d’éviter les effets de charge sur I'échantillon

L ionisation dans le gaz produit un flux positif d’ions qui migrent vers la surface et la neutralisent

Un détecteur de scintillation du gaz peut étre utilisé pour I'imagerie SE

objective
lens

DETECTEUR

VPSE <

SE in-lens detection

BSE in-lens detection

GPL

specimen
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Pour éviter les phénomeéenes de charges, on peut utiliser la basse tension

Tpm EHT = 0.700 kv Vacimmnm Mode = High Vacunm Signal A = Inl ens 100 nm EHT = 10.00 kv Vacuum Mode = Nano VP Signal A = VPSE
ZEIS| — WD = 0.3 mm Aperture Size = 20.00 pm System Vacuum = 1.10e-007 mbar ZEISS| — WD = 8.8 mm Aperture Size = 7.000 pm System Vacuum = 1.53e-004 mbar
——

GeminiSEM 500 70-04 Mag= 125TKX Noise Reduction = Line int. Busy Date :2 Mar 2015 Time :17:25:18 GeminiSEM 500 70-04 Mag = 41.28KX Noise Reduction = Pixel Avg. Date :3 Mar 2015 Time :12:40:34

il y a des limites pour la basse tension
Et...pour 'EDS et 'EBSD on a besoin des tensions plus élevées



Different VP modes

9 — 40 Pa for 800 um aperture

o All detectors
+« XVP mode

o EOis the same as VP

o Beamsleeve inserted

o Pressure range 5 — 500Pa for 360 um aperture,

9 — 150 Pa for 800 um aperture
o All but InLens/EsB detector

Nano VP — smaller skirt effect — smaller spot size
Source: Fang, Zeiss



Option Source: Fang, ZEISS

N d nOVP — The Technology Behind
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* In NanoVP mode a differential pumping aperture can
be inserted below the objective lens.

* This greatly reduces the path length of the incident
beam in the gas thus reducing beam broadening.

* Best imaging performance

wo1s0pa, TUll iN lens detection,

outstanding resolution (1.8 nm at 3kV, 30 Pa), reduced
field of view (350um)

* In order to enable chamber BSD detection in VP mode
a one channel BSD detector, which is integrated in the
beam sleeve pneumatics, is available.

Detecteurs VPSE + INLENS
+ VP BSD

Beamsleeve BSD - 5 segments diode
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MEEaMEEE  Mode NanoVP  Pression entre 5 -150 Pa
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La pression dans la chambre est
moins élevée par rapport au
mode VP

Beamsleeve

s WD =6 mm

‘J-

+

Porte échantillon
pré®ilt 70°
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Stage Mavigaticn @
- | =
. Controlling VP LR
| Sl [ —
y 42842 mm Chamber = 140 Pa
_ WD = 13.0 mm 5.9 mm
Beamsleeve R 109 [ »r ]
Go To HY ‘ ‘ Go To WP
i Idle | _ N
Go to XVF mode Gota Nano VP
Collector Bias = 300V
; Options 1 - r
| il [¥] Z mave on Vent EEEIIITI Isleeve Bas= OV
! V] Track Z Beam sleeve Aperture = Beam sleeve 350 pr
I [ Protected Z
| - = Aperture Aperture
i Safe 2= 1.000 mm Configuration... Alignment...
[ [ Safe Navigation
|
L
| i Sample Holder
E T | = = Iniversal 70° -
¢ |r_T| = : Specimen
Zoom view Height 0 mm Diameter 12mm
— ik <2
] A << [ e |
’ More stage functionality... |




BEAMSLEEVE (CONE)
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M “\H
NanoVP = 30\%

\
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¥ =11.95e-05 mbar
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Images en mode Nano VP 20kV VPSE

NanoVP = 150 Pa

P=1.29e-04 mbar
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Mode VP Pression entre 5—-30 Pa

EHT = 15.00 k\/ Mag = Noise Red. = Pixel Avg. 19 Jul 2016
WD = 12.8 mm Pixel Size = 979.4 nm Scan Speed = 10 F = 7.44e-007 mbar 17:29:15

Signal A=USBTV1| B=51.8% C=91.2% | Cycle Time = 40.5 Secs Ap. Size = 20.00 pm CP2M
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Sioge Nmvgation &

VP =30 Pa : Pina Nobilis

P = 1.09e-03 mbar

50.00 um




EDS analysis in VP mode

incident
electron
beam

High Vaccum

SO_EV\-—P\M\W\N‘WN\JW

40

Elemeant [%o]

| T T T T | T T T T | T T T T | T
0 0 1 130
Length [pm]
Carl Zeiss Microscopy, Luyang Han

Normal VP 30 Pa

Length [pim]

NanoVP 30 Pa

R s L

Elemeant [%a]

] 50 100 150 200

S

0

— T
0 50 100 150

Length [pm]

]
200

Normal VP mode does not combine
well with EDS analysis. The skirt
effect creates a highly delocalized
elemental signal.

By controlling BGPL in NanoVP mode,
spreading of EDS signal is largely
reduced.

High resolution EDS is possible on
insulate samples with NanoVP.

20150511 45
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EBSD: DISPOSITIF EXPERIMENTAL

Canon a

Cameéra
;
T électrons

CCD

] Faiscean
Controle du = d’électrons

faiscean
I—Echantillon

“.__~————FEchantillon ?GD

Détecteur
d’électrons
rétrodiffuseés

Cliché de Kikuchi

Ecran de
phosphore
Controle
platine
Unité de controle Source: D. Barbier
faisceau et platine

PC

L’ échantillon cristallin — la surface est parfaitement polie — est incliné€ de sorte
que I’angle formé entre sa surface et le faisceau d’électrons soit égal a 70°.



Mode Cartographie: Suivant une grille prédéfinie, acquisition et indexation
du diagramme de Kikuchi pour chaque point

Analyse de la morphologie et de la taille des grains, caractérisation des joints de
grain, analyse de la texture locale et globale

B8l 1EARE : |=xhure B Elernental Analytical Microscopy

Report Design

=3 EDA
-

il i
Sment incgnt
RebUlEDS Mep P »!

administrator

Input CPS: 0 Cead Tame: 00 Live Time: 00 Amp Teme: D48 Detector Resolutiors 1449 Takeof 77,1 Ev/Cham: 3 Workil istance; 13
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EBSD Settings
> Pattem
Solutions
» Indexing Parameters
+ Hough
Mask: Medium_9x «
Pass 2 Mask: Mone
Min. peak magnitude (3)
Min. peak distance p  (10)
Min. peak distance 8  (10) ..
Peak symmetry  (0.5)
Verfical biaz  (D%)
Binned pattem size: 96
B step size:
p fraction (857
Max. peak count:
Hough Time {ms):
Image Quality: 451674

Full Display Restore Defaults
Reflectors

Use » h K |

T

» Indexing Solution Overiay
Input Band Overlay

> Orientation Figure

Euler angles: 19.3°921°359.5%  (hki)[uvw]: (-2 18 -3)[24 -1 7] @@t 107 Phase: Nickel
b

Microstructure: indice de qualité (IQ) du diagramme de diffraction
qualité de mesure : indice de confiance de I’'indexation (CI), écart entre les
bandes détectées et simulées
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[ TEAM = Fexture & Elemental Analytical Microscopy

Mask

20000

Pres 7 Mok
Binned pattem 20
8 slep size:

M. peak count

Hough Time (re). 3

BE8E0

Wit peesk distance: p

distance §

Medical bars

P rection

Feastrine Dedmuts

Input Band Overlay

Orientation Figure

Euler argles: 1002 A80° 2707 (hhdjfuw]: (-24-2 4)[-3-28.11] I 45385 CLOA2 Fit11° Phese: Nickel

InputCP5:1  Dead Time Q0  LveTime:00  Amp Time: 048 Magnification: 11180 k00

=
*w
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EDAX
m s ight

Rebwild EBSD

administrator

Name

Inte nsity Histogram Mormalization L | Image Processing Mode:

Euler angles: 10657 743230107 (hkDfuvel: [-12 7 4)[L -4 10] [Q: 52402 CL0OG1 FE Q7  Phase: Nickel

F BB
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Calibration

== EDAX
m Bt Inkight

. ' 5 admanistrator
B5D Calibration

~Patiern

Cartura Centar besm and caphre
EDS Detectors
EBSD Camera
Camera Pasition
Image Area
F50
Image and Map Processing
Spectrum Collection
TEAM Mapping
nd shift-click to mave it inz. DM Comection
Specimen Stage
Sample ; Annotation
E ﬂ Spectrum Calibration
Imgert ot (EBSDITKD
Hough

Spectrum Aulo Processing

B

Input CPa: 1 Dead Time: 0.0 Live Time: 0.0 £ ok tion: 144, Takeoff: 7T.1 Evw/Chan: 5 VWorking Distance

L
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~ 3 _. 1 , - / 4
Echantillon 1 - Microscope polarisant
Calcite
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- Charging at 10 kV

Gemini SEM 500 70-04
g\

2 +
3

10 Jun 2016
10:55:49
CFP2

Moise Red. = Pixel Avg.
Scan Speed =15 P = 1.52e-005 mbar
Cycele Time = 1.4 Secs Ap. Size = 20.00 pm

EHT = 0,100 £V Mag= 67TX
WD = 0.0 mm Pixel Size = 166.5 nm
Signal A =HE-SE2 | B=50.3% C=216%

10 pm?

Gemini SEM 500 70-04
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lzaciie il Mode VP — 1°" essai sans beamsleeve (cone) 30 Pa

-
e s

Finish

EBSD Calibratlion Ruviow Dals Rupott Dosign

Scan Complete

Pl [Number of Points 105215

humber of indexed Points 105197 94.8E%
Mumber of Poirs with 1 » 0.4 (Without IS] 83611 78.52%
Inverage 1 0312

|&werage Fit 1248

Caloie 100,00 %

50 wm

Detector Resolution: 1240 Takeoff 720 EwCham 10 Working Distance: 146 Magnifications 441 KV

administrator

* EBSD Camera

or

Comer Image Processing

EN

B o

£ B4 BEARD

Background: Static Background Subtraction — Intensity Histogram Normalization

16:16
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Sy Mode VP — 1°" essai sans beamsleeve (cone) 30 Pa

L4l TEAM = Tewture & Elemental Analytical Microscopy

Survey I Poinl Analysis I Mapping I Simulation IEBSDC&W&MII "Review Data | Repoit Design B ED

Review EBSD Mep B Repart T Chi-Scan ¥ Rebuid EBSD Map B Rebndd EDS Map B

administrator

50 wm

71 E 5 Wiorking Distar s
& |E i m‘@——-' Bodh L]+ Bk e wvsem |

EDS pour localiser la matiere organique
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Mode VP — 1°" essai sans beamsleeve (cone) 30 Pa

Bimcar Invighl

admanistrator

@)

Hough Display

a,
P

Min. peak magnide:

Min. pagk distanca ©

Min peak distance B

3 Prenk symmeiry

Max peskcount: 12 et al s

Dean=

»!

o
o:".-

o

Eulerangles: 1141600511065 (halifuvbu]: (022 -18)[11 -7 -4.4] 111488 CEOSY Fib11' Phase: Cal

0 \ ™/
' /cps, EDS |

InputCPS:1  Dead TimeQ0  LveTime:00  Amp Time: 048 Detector Resolution: 1440 Takeofh 771 EwCham5  WWorking Distance: 130 Magnification: 11180 kvi0w0

¢ [l | P P e




Mode VP — 1°" essai sans beamsleeve (cone) 30 Pa

Application de NPAR - Neighbor Pattern Averaging and Re-indexing

Point Analysis Mapping Simulation EBSD Calibration eview Data Report Design [ Suton User | D
bt aiai
Chi Scan 7 Rebuild EBSD Map B Rebuld EDSMap B’ =N el

administrator

Retracted
0

] Amp Time: 0.48 Detector Resolution: 144.9 Takeoff: 77.1 Ev/Chan: 5 Working Distance: 13.0 Maanification: 11189 kWi 0.0
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NPAR - Neighbor Pattern Averaging and Re-indexing

N'Fw‘té|
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Select topic: Found: 2

= s
Whatsnewin TEAM V43 TEAMHelpV4s 1
Whal's newin TEAM V4.4 TEAM Help V4.5 2

What's new in TEAM V4.3 00
Jackson" %
aEEMX, 3082 East 12300 South, Suite H, Draper UT 84020, USA
Benax, 91 Mewee Drive, Mahwah NI 07430, USA
cCsmeg\ie Mellon University, Department of Mzterial Science and Engineering, 000 Forbes Avenue, Pittsburgh, A4 15213, USA
daiueouartz Software, 400 5. Pioneer Blud, Springbara . OH 43066, LS4

For each pount In 8 scan, the camesponding pattern is averaged with the pattems of the four neighboning scan points as shown schematicatly in Fig. 1.

XY _ [ xy x-Axy xdx,y xy-Ay xy+ay
= E(Iij + f:‘j +"ij ‘Hij + fij )

)
(Fig 1}
Y
H o jathe intengity in the pattern at pixel coordinate L faor the point in the scan with ceordinates.
LY Ax

and 2 denotethe step sizes between neighboring peints in the arid in the horizontal and vertical directions (they are egual in all the cases shown here),

Ultramicroscopy159(2015)81-94

S|

Fig. 1. Schematic of the averaging of the pattern at a given point with the pattems of the neighbonng points.

If the data 1s collected on = hexagonal gnd then the averaging kemel contains the patterm of the point of inkerest and the patterns of the six nearest neighbors. The onentabon maps shown in subsequent sechons are sometimas
refemed to a3 Irverse Pole Figure or IPF mans. In these maps, the color designates the orystal direction parallel to the sample nomal according to the color keys shown in Fig. 2.

11

1070
5]

001 101 0001 2710

Fig. 2, Drientztion map color kevs for the (2l nickel allay and steel camples and [b) the defermed magnesium samole,

ith art

Fia. 3 shows results for the duplex stes| samole al ngige aoolied to the patterns after which the neisy patterns are re-scanned using beth the corventional and NPAR approaches, The NPAR anoroacl
v I ; -

=} & L E? &’ 2 !
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Mode nano VP (avec beamsleeve) - 30 Pa

o il

Patterm

EBSD Settings =

' Palfern
Solmons
Indexing Paramaters
Inteapianer nngl: tiiesancs (%)
Use banawidih raba matching
Phaze difizrentistion faclore
Rank = 1 -

b Indexing Solution Overlay
mput Band Cveriay
Orientation Figure

Crystal Nsplay

Euler angles: 107.3°4.97. 694" - (hkiuwtw]: {-1-2 323227 15-1] Q- 37526 (053 Fit10° Phase Caldte

ja Times 0.0 Amp Time: 048 Datactor Rasolution: 1449 Takeoff 771  EwfChani 5 Working Distance: 13.0 Magnification: 11169 ¥ 00

£’

EDAX
ol

i b
it Inkighl

administrator

EDS Detectors

EBSD Camera

Camera Position

Image Area

F50

Image and Map Processing
Spectrum Collection
Phase Mapping

- TEAM Mapping

Dirift Correction
Specimen Stage
Annatabion
Spectrum Calibration
TEBSDITKD

Hough

Spectrim Al Processmg



Static Background Division
Dynamic Background Subtraction
Mode Nano VP (avec beamsleeve) - 60 Pa Intensity Histogram Normalization

e i Wi i i e
——i
armgwiizs T el B Rl 7

Firieh

TEAM

Scan Complete
001a
HADSA  939%
M35 0483%
0539
10

TN B

'avantage du mode Nano VP est de pouvoir avoir des résultats
similaires avec des pressions plus élevées

Cl VERT
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EDS Detectors
EBSD Camera
Camera Pasition
Image Area
F50
Image and Map Processing
Spectriim Collection
Phase Mapging

- TEAM Mapping
Dinift Cormection
Specimen Stagy
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Spectrum Cafibration
TERSDTRD
Hough

Spectrum Ao Processmg
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EHT = 1.00 kV Mag= 438X Noise Red. = Drift Comp. Frame Avg. 10 Jun 2016
' 20 um
ZEISS | pymim— WD = 6.4 mm Pixel Size = 63.74nm | Scan Speed =3 P = 1.41e-005 mbar | 17:11:51
PN | Gomini SEM 500 70-04 Signal A=HE-SE2 | B=49.5% C=409% | Cycle Time=7.4 Mins  Ap. Size = 20.00um | CP2M
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CONCLUSION

— La carte d’orientations EBSD montre qu’il n’y a pas de
controle de cristallisation

- Possibilité de tracer la partie organique via EDS
- Imagerie et EBSD dans une vaste gamme de pressions.
Pour le cas du systeme Zeiss, travailler en VP a 30 Pa et en

nano VP entre 60 et 80 Pa

- Avec l'augmentation de la pression, diminution du I1Q,
mais amélioration avec le post-processing
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