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lon-solid interaction & applications 1
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Eder, Katja, et al. Ultramicroscopy 228 (2021): 113334.
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FIB-SEM capabilities 2

Cross-sectioning

TEM lamellae preparation

Exotic sample preparation

— Electron beam

BSE detector

5 2D/3D EBSD

2D/3D EDS

Gas injection system

3D tomography

Manipulator

EBSD detector
EDS detector

lon beam
Sample

Tilt, rotation, height stage
Cold

https://thermofisher.com
https://myscope.training/FIB_Introduction_to_components
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EPIC-FIB instruments 3

Thermo Scientific™ Hydra Plasma Thermo Scientific™ Helios™ 5 UC

Plasma source (Xe, O, Ar, N) Ga+ source

Cross-sectioning

TEM lamellae preparation

- 4 Exotic sample preparation
¥‘ . \*

2D/3D EBSD

2D/3D EDS

3D tomography

Large volume processing Precision milling
Cryo-milling/imaging Auto-TEM
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lon beam source: Ga* & plasma 4

a liquid metal ion source (e.g. Ga) b inductively coupled plasma source
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i processing
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Beam Current, |

9.3 nA Ga

Si beam burns in cross-section

Burnett, T. L., et al. Ultramicroscopy 161.119-129 (2016): 253-254.
Vitale, Suzy M., et al. Microscopy and Microanalysis 28.3 (2022): 646-658.
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lon implantation: Ga* & plasma 5
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Simulation using Si substrate 70 nm *Sj substrate

SRIM simulation: http://www.srim.org/
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Sputtering rate

Measured and modelled sputter rates for Ga® and Xe " ion beams at 30 kV.

lon milling behavior: Ga* & Xe* 6

Iantation defects Localization of Ga in defects
- and grain boundaries

Material Sputter rate measured (upm> Sputter rates calculated from SRIM

/nC) (um?/nC)

Ga* Xe' Ga' Xe*

‘, No Xe

Diamond 0.09 0.11 0.07 0.09 ik ‘ : Hi ; ¥ .
Si 022-027  035-042 027 0.37 e 5 g S implantation
Al 031 0.41 037 0.5 e et L : 4
Ti 0.31 0.32 0.26 0.28
GaAs 0.86 0.61 1.45 1.61
Cu 0.15-0.55 1.1-1.6 0.69 0.85
Epoxy resin 0.3 0.31 - -

Damage layer

HFW

% % det mode |mag @|WD — T
k2 20.00kV STEM 3+ 13.8 ym HAADF 15000 x 4.1 mm NUANCE PFIB

Burnett, T. L., et al. Ultramicroscopy 161.119-129 (2016): 253-254.
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Ga* FIB - Helios 5 UC capabilities 7

XHR High resolution SEM imaging
Field

emission
/ electron
- Piezo stage | Precision ion milling
- Plasma cleaner Powerful Ga ion -  Cross-Section
- MultiChem (C, Pt, W) tools A ) optics

TEM sample preparation

- Micro manipulator - Exotic sample preparation

- Automatic software

deEteDgor im'\g;'ﬂg SE/BSE/SI detectors
Retractable BSE detectors
STEM detector

- High performance
EDS analysis
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Extreme high resolution field emission SEM 8

2.5

Schottky-FEG

2
E \ —+ Non-Monochromated |
Monochromator (UC), ON/OFF ‘g s “~ Monochromated |
. / ' SE'Mﬁ‘”ﬂ”E'ITS g ; | \ e 4.. 'gislange(mnan. .4 cor
\ = 1 " Through-the-Lens detector, SE/BS! o ‘ 4.5eV
s -3eV
— ra 0 2
—_ _ vCD detector, low kV BSE 0 1000 2000 3000 4000 5000 6000
— ‘,“,,1_ S ! Accelerating Voltage [eV] ol ‘ L
o=~ Immersion field Diwncs
—_ Sample in top down (or tilted) position e Beam energy spread <(0.2eV
Ve .. | Beam deceleration, V, adjustable e Electron beam deceleration down to 20eV

e Sub-nanometer resolution

Roussel, Laurent Y., et al. Scanning Microscopy 2009. Vol. 7378. SPIE, 2009. (06 nm at 30kV STEM /0.7 nm at 1 kV)
Bouwer, James C., et al. Advanced Structural and Chemical Imaging 2.1 (2016): 11.
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High-resolution (field emission) ion optics 9

* |lon beam current: 1pA — 100nA
» Accelerating voltage: 500V- 30kV
3.6 nm at 30 kV

— Liquid metal ion source

<4— Beam selective aperture

- Differential pumping |
- T|me Of ﬂ|ght Correct|on o8s, | 8/13/2025 | HV mag O HFW det |—100n;n—5

se® | 4:16:221PM  30.00kV 500000 x | 553 nm | ICE Helios

https://myscope.training/FIB_Introduction_to_components
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Multi-image detectors 10
ETD (SE/BSE) ICE (SE/BSE/SI)

s s |CD
In-Column Detector

MD
I Mirror Detector

ETD
Everhart Thornley Detector

ICE

lon Conversion &
Electron Detector

TLD
Through-the-Lens Detector

DBS
IEENENEN EEEEEmEm Directional BackScatter Detector
— I sample
BD
Beam Deceleration STEM-III
Scanning Transmission Electron * Most frequently used
NN Made Detector - Surface morphology (SE), phase contrast (BSE)
« Semiconductor voltage mapping (ETD)
https://thermofisher.com  TEM lamellae transparency monitor (2-5kV)

N UANCE Northwestern

Northwestern University Atomic and EPlC F’B EXPLOR’NG ’NNER SPACE

Nanoscale Characterization Experimental Center



Multi-image detectors 1
TLD(SE/BSE) ICD(BSE)

7

e |CD
In-Column Detector

MD
—— Mirror Detector

ETD
Everhart Thornley Detector

ICE

lon Conversion &
Electron Detector

TLD
Through-the-Lens Detector

DBS
BEEEEE N | BEEmEmEm Directional BackScatter Detector
_— Il sample
BD
- STEM-III : : . : :
Beam Deceleration Scanning Transmission Electron » High resolution low-kV imaging (Immersion mode)
EEENENIENIRNIEE  \ode Detector  TLD: morphology
« |CD: Z contrast
https://thermofisher.com * MD: both morphology and Z contrast
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Multi-image detectors 12
DBS STEM

s s |CD
In-Column Detector

MD
I Mirror Detector

ETD
Everhart Thornley Detector

ICE

lon Conversion &
Electron Detector

TLD
Through-the-Lens Detector

DBS
BN BEEEE Directional BackScatter Detector
_— Il sample
BD STEM-III

Beam Deceleration

Scanning Transmission Electron
-llll-llll_ Mode Detector

https://thermofisher.com
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Ultim max infinity EDS analytical detector 13

. Niobium
" Carbide

5 1L sewies

Chromium
- Manganese
Sulfide

iy b peries
5 L s
‘ \,I

Redo i peries

Molybdenum
- Niobium
Phase

o i peries
L= |

Real element
distribution

v" The highest sensitivity guaranteed v The best nano-characterization = v* The most accurate qualitative
Sensor sizes: 170 mm? and light element detection and quantitative analysis
v High count rate (Cka : 40eV)

https://nano.oxunst.com/ultim-max-infinity
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Accessories 14

| Remove All |

* MultiChem = EasylLift
= » bright, fast, granular — e
: C. .. [\:O:Jo:mls . Step B [F:o';a:mn Step B
* bright, amorphous | ¥ | ‘ EER
: i kg e XY z R=[03° |
- dark, amorphous e . JOEIETICI .
e
= | Update |
» Integrated plasma cleaner \ Remove |

Ensure a clean specimen surface

= Charge neutralizer

An electron source and control system to minimize positive ion charge-up
The electron source produces a broad beam which floods the sample
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Application - TEM lamellae

Deposition Trench

& MY det HRW
S 300KV ETD 41.4pm SE | 5000x

| —————
! !
i

——

G, HV det HFW mode mg @ WD  p————————20um——————— $8% \cE St 5.00us 30.00kV 30pA 5000 41.4m 16.4mm
3.00kV_ETD 41.4 pym SE 5000 x_4.4mm NUANCE PFIB

v' 8-12 um in length v 1-1.5 um thickness
v' 100-300nm e-beam layer + 6-10um depth

v' 1-2um i-beam layer

15

Lift out & attachment Thinning & Polishing

dwell | HV arr ag B o ——sm——ro & | B det | HAW wo ——l
s | 3000kV_| 30 pA | 8000 x .5 mm NUANCE PFIB 2 300k | ETD 173w 4 m NUANCE PFIB
i

Hy HAW | mode | mag B | wo 5pm
300V | ETD | 13.8um | SE_ | 15000 | 43mm NUANCE PFiB

v 30kV to <100nm
v Low-kV polishing

5 e o e

v' ~0.5um welding layer
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Application - Auto TEM lamellae preparation 16

= AutoTEM 5

\J|/ Chunk mill

IS_I Lift-out + Thinning

- Fully unattended - Guided - Automatic
- Multisite

*Know your sample well and optimize parameters first!
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Application - 3D characterization 17

= Auto Slice & View 5

Pre-processing Auto slice & view 3D reconstruction
i & / . .

Milling fidudjal

8 3-side trench

nag B8 | WD F——10ym ——
3500 x  4.6mm NUANCE PFI

» Block face in bulk * Auto alignment * Avizo (License @NUANCE)
* Chunk liftout * Multi-imaging » Dragonfly (Free)
* 0O degreettilt .... « EDS » Microscopy image browser(Free)

* Make larger trench to avoid shadowing
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Software highlights 18

= Avizo 3D
Data import Image Processing Segmentation Image/Movie export

Detector Imaging_ICD-None_q3_x01_y01_s0100.tif

# Automatically launch the DualBeam 3D Wizard Load

- Stack images * DualBeam 3D wizard * Thresholding * Slice-through visualization
(.tiff, jpg, .png, .bmp...) < Tilt compensation * (semi) Manually * Orbital path
» Slice thickness » Denoising » Al-assisted * Scientific bar
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EPIC-FIB match maker

Hydra Plasma

[Large volume

 High current for rapid trench
* Bulk 3D tomography
« 3D EBSD/EDS

[Low implantation (Xe+)

» Al alloy (Free Ga+)
* Minimum alloying artifacts

[Specific ion source (O+, Ar+, N+) ]

19

&

3 ;!Q
‘-Q &

Helios™ 5 UC
B

{High resolution nanopatterning }

* Precision milling / Low-kV polishing
« TEM lamellae / APT sample
 Delicate nanostructure

[Piezo stage J

» Auto TEM workflow
« Small volume tomography

[Fast and accurate EDS

Northwestern

{NUANCE
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Contact information 20

Paul Smeets
NUANCE FIB/TEM Facility Manager NUANCE Postdoc
Facility reservation _ .
Email: paul.smeets@northwestern.edu Email: yu.wen@northwestern.edu

Workshop & Demo in October !!!

THANK YOU
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