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Electronic Instruments Group

Electromechanical Group

CAMECA Instruments, Inc. 
US Headquarters, Madison, WI

SIMS
EPMA

Atom Probe 
Tomography

(APT)

Annual sales of approximately $5B, 
15,000 employees in 30 countries
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Atom Probe Tomography 
Technology Introduction – 2019



Atom Probe Tomography – In 90 Seconds!  
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 Compositional Imaging
 Buried interfaces, phase boundaries, grain boundaries, dislocations and defects

 Structural Imaging
 Number densities, feature morphology/ roughness, size distributions etc

The Strengths of Atom Probe Tomography (APT)

Compositional Analysis

 Identify elements and their location in the specimen
 Phase and composition identification
 Statistical methods can be used for detection of fine-scale ordering, phase 

decomposition etc.

Time-Of-Flight Mass Spectrum

3D Image – Nanoscale Point Cloud

3D Spatial Resolution 0.4 nm Laterally,    ~ 0.2 nm Depth (single lattice plane)

Sensitivity Better Than 5 appm with  up to 80% of Atoms Identified
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CAMECA Products Analytical Resolution

■ CAMECA’s core 
technologies now span 
the entire achievable  
analytical capabilities

■ SIMS/NanoSIMS

■ EPMA/LEXES

■ APT 
■ Subnanometer 3D

■ Isotopic/Elemental 
information 

■ Highest sensitivity 
analytical technique

■ TOF – sees all

■ Equally sensitive to all
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Erwin Wilhelm Müller
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Professor Erwin W. 
Müller (1911-1977): 
Father of High Field 
Nanoscience

Holding a hand-made 
glass UVH FIM system 
that would be 
immersed in liquid 
nitrogen

‘Ball Model’ of a cubic 
lattice Cut by a 
hemisphere – showing 
‘poles’



APT is based on the Field-ion Effect

- Field-ion Effect first observed in the Field Ion Microscope (FIM)
- At high applied fields (~V/nm) surface ion-removal occurs.
- Needle-shaped specimens allow high fields to be achieved at reasonable 

(<20kV) applied voltages

011

Phosphor screen

Specimen
(cryogenically cooled)

High voltage
(d.c.)

Image gas ions

FIM image of BCC metal

 FIM was the first technique to achieve imaging at atomic resolution (1956)!
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FIM & Field 
Evaporation Movie

40 K Tungsten 
Needle

Helium Gas

Phosphor Screen

Movie Courtesy Baptiste Gault – GPM Rouen

Bright spots are where He gas 
ions (~ 1-8 torr) are being 
ionized (Field evaporated) 
above individual atoms on the 
surface. 

The circular patterns are called 
‘poles’ and are aligned along 
high index crystalline 
directions (011 at the center 
here)

When the bright spots 
disappear, it means the atom 
at the surface field evaporated    

Dynamic FIM – Field Evaporation of Atoms
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Description of Atom-Probe Operation
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Evaporation initiated by:
• Field Pulsing (metals)
• or Thermal Pulsing 

(all materials)

Laser Beam
Time of Flight (TOF) identifies mass
TOF~500 ns for LEAP
ΔTOF < 1 ns
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Mass-to-charge state ratio (m/n)

T
=

50
K

time-of-flight mass spectrometer

(m/n)2 > (m/n)1

neV = ½mv2

v = L/t = constant
 m/n = 2eV t2/L2

L

Vacuum @ 10-8 Pa (10-10 mbar) ~80% Detection 
Efficiency

High 
Voltage 
V~10 kV

+ -

Atom Probe = projection imaging with time-of-flight mass spectrometer

F

F

~80nm tip  80mm detector = 106 magnification
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Description of Atom Probe Operation
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•Field Pulsing
•or Thermal Pulsing

Truly 3-Dimensional data enables 
visualizing features hidden by 
transmissive techniques

Time of Flight (TOF) identifies mass

T=
50

K

80mm

projection imaging

(m/n)2 > (m/n)1

E

Vacuum @ 10-8 Pa (10-10 mbar)

~80% Detection 
Efficiency

80nm

High 
Voltage 
V~10 kV

+ -

~80nm tip  80mm detector = 106 magnification

Atom Probe = projection imaging with time-of-flight mass spectrometer
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Atom Probe Tomography 
Sample Preparation– 2019



Specimen Preparation:  General FIB Liftout Method
a) Protective strip (Pt) is deposited over the 

region of interest (ROI)

b) Material is removed around three sides of 
the region (arrows) as well as underneath to 
produce a long wedge of material containing 
the ROI

c) The wedge is removed by first attaching a 
micromanipulator to one end of the wedge 
(left arrow) and then cutting the wedge free 
from the substrate (right arrow)

d) The wedge is transferred to a carrier microtip
(black dashed circle indicates location of flat 
2 μm tip) and attached with FIB-deposited Pt 

e) Wedge is cut free of the of the carrier tip 
(dashed line) for transfer to additional tips

f) The final mounted wedge-section is shown 
with FIB-deposited Pt at each wedge-tip 
interface. 

g) Then the sharpening process with an 
annular mill pattern

a
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b
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c
)

d
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e
)

f)
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All scale bars are 5 μm 17



Focused Ion Beam: Liftout Method
a) Protective strip (Pt) is deposited over the 

region of interest (ROI)

b) Material is removed around three sides of the 
region (arrows) as well as underneath to 
produce a long wedge of material containing 
the ROI

c) The wedge is removed by first attaching a 
micromanipulator to one end of the wedge 
(left arrow) and then cutting the wedge free 
from the substrate (right arrow)

d) The wedge is transferred to a carrier microtip
(black dashed circle indicates location of flat 
2 μm tip) and attached with FIB-deposited Pt 

e) Wedge is cut free of the of the carrier tip 
(dashed line) for transfer to additional tips

f) The final mounted wedge-section is shown 
with FIB-deposited Pt at each wedge-tip 
interface. 

g) Then the sharpening process with an annular 
mill pattern 

h) Also electropolishing for metals (cheaper 
and faster – not site specific)
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SEM Image before APT 
Analysis

Ni

Cr

Ni
Cr

Thin Film Specimen Before and After APT

Volume 
analyzed by 
LEAP

Post APT 
Analysis 
Image
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TOF Mass Spectrum (Ni-based superalloy)

B2+ B+

Al3+

Al2+

C+C2+

Si2+

Ti3+

Light elements
Ti2+

Cr2+ Fe2+
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Mo3+
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Ta3+ W3+
W2+

(100x100x250 nm) 20



Compositional Imaging

Virtual TEM lamella – with 
compositional information

20 nm slice

AlTa

Ti

Al-Ti-Cr rich phase

MoCr CoFe

Co-Cr rich phase
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APT – A Fast Growing Set of Applications
With the introduction of the Local Electrode Atom Probe (LEAP) in 2003, APT has been 
transformed from a useful but limited metallurgical technique to the standard material 
science method for the ultimate in 3D nanoscale compositional characterization. 

II-VI PVsIII/V – LED Doping Geology-Zircon

Advanced Alloys Thin Films

Transistors

Silicides Oxide growth Biominerals
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Worldwide Atom Probe Microscopes

APT Microscopes Today: 
• Oxford Nano Science 3DAP (5)
• CAMECA – TAP Products (~10)
• Imago LEAP 3000 (~10)
• CAMECA LEAP 4000/5000 and EIKOS (~85)

EIKOS

LEAP 5000

Over 110 Systems Worldwide
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LEAP 3000

LEAP 5000X

The Growth of Atom Probe Tomography

Continued innovation 
in APT has lead to:
- Rapid growth of installed 

base
- Rapid increase in 

applications
- Rapid increase in 

publications in traditional 
and new applications

- Over 110 systems 
worldwide in 18 
countries

1st Customer 
ORNL!         2003 
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LEAP 5000 Product Range

LEAP 5000 R
Voltage mode instrument

Ultimate performance for voltage-mode applications

LEAP 5000 XR
Combines both voltage and laser mode for broadest range of applications

Workhorse material science tool

LEAP 5000 XS
Flagship laser mode instrument offering fastest throughput and highest detection efficiency

Targeted for non-metal applications where sample throughput is critical
February, 2015 25

R = Reflectron
S = Straight flight path

X = Laser mode option



Introducing

A new APT instrument released in August 2019

26
Introducing EIKOS-UV - the Workhorse APT 

Instrument
9/9/2019



New for 2019

EIKOS-UV design delivers:

All the benefits of the APT technique
- Single atom detection with outstanding efficiency
- 3D tomographic data with near-atomic spatial 

resolution
- Equal sensitivity to all elements and isotopes
- Quantitative composition measurements (from sub-nm 

to m)

Wide range of applications – metals, 
coatings, thin films, ceramics, minerals and 
functional materials – enabled by UV laser

In an easy-to-use and affordable package
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Introducing EIKOS-UV - the Workhorse APT 
Instrument

9/9/2019



EIKOS Technology

28
Introducing EIKOS-UV - the Workhorse APT 

Instrument
9/9/2019

Energy-compensated reflectron
ion flightpath

Example shown is comparison between energy-compensated and conventional 
for W3+. The reflectron provides narrow Gaussian peaks shapes.

C
o

u
n

ts

Mass-to-Charge (/Da)

W3+

energy-compensated

conventional

Note, mass spectra shown in log scale

The EIKOS platform combines proven flight path and detector techologies
- An energy-compensated (Reflectron) flight path provides excellent Mass Resolution for 

improved compositional accuracy
- In voltage mode energy deficits are removed to produce narrow, Gaussian peaks
- In UV laser mode the extended flight path length provides enhanced peak shapes



EIKOS-UV Technology – UV Laser Module

UV Laser Module Design
- Focused spot, 355 nm (UV) design for 

proven performance with the widest range of 
applications

• Metals, coatings, & thin films
• Ceramics, mineral and functional materials

- Automated alignment protocols for ease of 
operation and consistent data quality

- Ultra-wide pulse energy dynamic range 
(1Mx) for optimized analysis of widest range 
of specimen materials

Robust platform design
- Highly industrialized laser provides excellent 

stability and reliability
- Elegant design for ease of use

29
Introducing EIKOS-UV - the Workhorse 

APT Instrument
9/9/2019



Examples of UV-enabled Applications

9/9/2019 Introducing EIKOS-UV - the Workhorse APT Instrument 30

R2001_185524

R2001_185741

Buried Oxide ‘Yield’ Sample

Mineral Sample



EIKOS Advanced Design Features

Integrated Counter Electrode (ICE)
- Pre-aligned electrode eliminates need for in-vacuum 

specimen alignment*
- Configured for needle specimens and reduces/ eliminates 

common APT consumables
- Utilizes proven puck/ carousel design
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Introducing EIKOS-UV - the Workhorse APT 

Instrument
9/9/2019

pre-aligned EIKOS specimen 
with apex projecting (ca. 

300um) through electrode 
aperture *Removing the need to align 

specimens within the instrument 
allows elimination of internal 
moving parts. This enables the 
simplicity and efficiency of the 
EIKOS-UV design.



The ICE Ex-situ Specimen Alignment Procedure
Hardware is provided to allow easy installation of 
the ICE during specimen mounting 

- Crimping station
- Alignment station

Crimping station eliminates misaligned wires/ 
needles
Alignment station includes integrated 
computer/video system for ILE mounting and 
alignment

- Simply and easy to use
- Integrated into the specimen database

32
Introducing EIKOS-UV - the Workhorse 

APT Instrument
9/9/2019

Crimping station

Alignment station



ILE ex-situ alignment

33Introducing EIKOS-UV - the Workhorse APT Instrument



EIKOS Data: Iron Based Super alloy
0.5 m

Introducing EIKOS-UV - the Workhorse APT Instrument 349/9/2019



Summary

EIKOS-UV design delivers:

All the benefits of the APT technique
- Single atom detection with outstanding efficiency
- 3D tomographic data with near-atomic spatial 

resolution
- Equal sensitivity to all elements and isotopes
- Quantitative composition measurements (from sub-nm 

to m)

Wide range of applications – metals, 
coatings, thin films, ceramics, minerals and 
functional materials – enabled by UV laser

In an easy-to-use and affordable package
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Vacuum Cryo Transfer Module: 
A Suitcase Solution



2-Dec-19Cryo Transfer for APT 37

A number of both prospective and current LEAP customers have requested the 
ability to transfer samples in and out of the LEAP microscope under either ultra-high 
vacuum (UHV) or cryogenically cooled conditions. Samples could be transferred 
to/from SEM, TEM, FIB, coating tools, etc. 

• Transport between various analysis modalities (e.g. FIB, TEM) under 
vacuum conditions – e.g. Radioactive materiasl ontamination control

• Rapid oxidation studies (e.g. uranium, lithium, aluminum)
• Catalyst/reaction chamber studies of surface contamination
• Characterization of hydrogen embrittlement of metals  
• Analysis of “soft” (i.e. biological) materials

Why Cryo?  Why now?

Since ~2010 we have delivered prototype solutions to customers at ETH 
and University of Michigan based on a transfer module manufactured by 
Leica (VCT 100/500). 

APT users have been developing their own solutions independently

Growing interest and partnerships have encouraged a standard offering



Why Cryo Transfer? – Hydrogen in Steel Example
Cryo transfer enables/ improves the ability to 
collect atom probe data for difficult applications

- Rapidly oxidizing materials (uranium, plutonium etc)
- Detection of hydrogen in alloys (Zr and steels)
- Characterization of H embrittlement of steel
- Transport between various analysis modalities (e.g. FIB, 

TEM, glovebox) under vacuum conditions
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Cryo Transfer for APT 39

Leica and Quorum chambers not actively 
pumped, may compromise vacuum quality 

User Options for Cryo Transfer

Leica VCT 500

Quorum PP3006 



2-Dec-19Cryo Transfer for APT 40

Cryogenic Transfer Components

“Wobblestick” transfer arm

Battery-operated ion pump with NEGPuck storage chamber

VCTM GV

Roughing pump 

LN2 dewar for suitcase

LN2 dewar for loadlock

atom 
probe 
loadlock
chamber

Cryo puck

Cryo carousel

Cryo carrier puck (CCP)

Sample position



Transfer Procedure

41Cryo Transfer for APT 2-Dec-19

Sample prep in Cryo
FIB/glovebox/reaction chamber 
runs

Suitcase attached to FIB/glovebox, sample 
transferred to cold stage.  (3-5 min)

Suitcase attached to LEAP loadlock chamber 
(5 min)

Carrier puck  pre-cooled in LEAP 
analysis chamber at UHV (1 hour)

Carrier puck transferred to LEAP loadlock, specimen puck 
is attached and lowered to buffer chamber (30 seconds)

Specimen puck transferred to the analysis chamber (30 
seconds)

Suitcase travels to LEAP



For your memory

APT = 3D analysis at atomic scale.

There are 2 methods to prepare samples : electrolytic (conductive samples) and 
FIB (mostly non-conductive samples)

There are 2 commercialized version of the APT: LEAP5000 (versatile and high 
T-put) and EIKOS (nearly full automation + easy to use).

LEAP5000 has 2 versions : straight (Si >= 77% of transmission) vs reflection (R 
= no more than 50% of transmission).

EIKOS has only the R version

All APTs can be equiped with laser (UV) to analyse non-conductive materials.

Cryo transfer is only available with LEAP5000.
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Thank you for your intention!

43Science & Metrology Solutions


