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  1.  ABSTRACT 
 
Focussed beams (electrons, ions, and photons) are at the forefront of today’s and future scientific 
and engineering advanced research instruments.  The beams are typically used for six purposes: 
imaging, detection, deposition, implantation, milling/ablation, and polishing.  There are plethora 
of detectable and useful signals coming from the beam irradiated matter.  One of the signals is 
electron diffraction and scattering on a crystal planes used by electron backscatter diffraction 
(EBSD) method.  This surface superficial probing technique is sensitive to surface 
contamination, amorphisation, and lattice distortions, thus requires damage-free sample surface 
preparation techniques.  The advent of coupled multi-beam commercial instruments 
(DualBeams, CrossBeams and TriBeams) allowed for integration of sample surface preparation 
techniques, i.e., site specific (cross-sections, serial sections, thin lamellas, micro- and 
nano-pillars, etc.), and large areas (cross-sections and surface polishing), and beam excited signal 
detection/quantification methods, i.e., EBSD, EDS, WDS, SIMS, Raman, LIBS, etc.  This paper 
attempts to bring closer the current state-of-the-art of focussed beams systems for use in EBSD 
technique in Materials Science. 
 
 
  2.  HISTORICAL BRIEF ON DEVELOPMENT OF FOCUSSED BEAMS 
 
Focussed beams are complex and compact systems that emit, accelerate, deflect, and raster 
a narrow stream of: (i) negatively charged particles - electrons, (ii) positively charged particles - 
ions, or (iii) photons.  Currently these beams are typically used for six purposes: imaging, 
detection, deposition, implantation, milling/ablation, and polishing. 
 
In the early days these devices formed a standalone analogue transmission electron microscope 
(TEM) [1, 2], scanning electron microscope (SEM) [3, 4], scanning ion microscope (SIM) 
(commercial systems based on liquid Ga+ metal ion source (LMIS)) [5, 6], and light amplification 
by stimulated emission of radiation (LASER) (this is a very broad topic; here it is referred to low 
power < 10 W and pulsed lasers with impulse duration < 1 ns time domains, having application 
for low thermal or near-athermal material micro-machining, laser-induced signal measurements, 
e.g., laser-induced breakdown spectroscopy, and laser assisted material deposition) [7, 8], or 
short pulse (SPL) optics systems [9].  Currently, these standalone microscopes are based on 
digital circuits/logic systems.  TEMs and SEMs evolved with improved electron sources, 
electron optics, aberration correctors, and various detection systems [10, 11].  SIM platforms 
range was extended with commercial scanning helium ion microscopes (SHIM) in 2008 [12] 
(also, neon is possible as primary ions), and xenon plasma FIB (PFIB) in 2011 [13].  Several 
experimental FIB sources are developed as well [14-16], e.g., liquid metal alloy ion sources 
(LMAIS), gas field ion sources (GFIS), low temperature ion sources (LOTIS), and magneto 
optical trap ion sources (MOTIS). 
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From the mid-2000’s pulsed lasers and optics for fast micro-machining at sub-micrometre scale 
and in situ laser-based characterisation techniques have moved to ultra-short pulse lasers (UPL) 
(having a pulse duration < 1 ps, typically ~ 50 - 300 fs).  These laser systems have capabilities 
of athermal and near damage-free ablation with the laser spot size of dozens of micrometres [18]. 
 
Circa the early 1990’s the first systems with two columns emerged commercially [19].  These 
platforms have merged capabilities of SEM and focussed ion beam (FIB) column (based on 
liquid Ga+ metal ions source - LMIS [5]), forming a single microscope with two beams defining 
a coincidence point (Fig. 1).  In so doing a high-resolution electron imaging and qualitative 
detection modes of SEM (secondary electrons and backscattered electrons detection) are 
combined with implantation and milling/polishing mode of FIB.  This configuration allows for 
site-specific micrometre-scale work, e.g., cross-sectioning, serial sectioning tomography, etc. 
[17].  Gradually, FIB-SEMs have been upgraded with analytical capabilities, 
e.g., energy-dispersive X-ray spectroscopy (EDS) and electron backscatter diffraction (EBSD) 
crystallographic data analysis.  Automations of FIB-SEM routines led to development of 
3D EBSD and 3D EDS methods (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. A schematic diagram is showing the configuration of two-beam focussed ion 

beam - scanning electron microscope system [17]. 

 
 
FIB at low beam currents (pA) can be focussed to a few nm spots sizes.  However, the use of 
Ga+ FIB column has two drawbacks: 
a) Gallium can create low temperature eutectic alloys during ion matter interaction, particularly 

present along grain boundaries [21-23], e.g., in Fig. 3.  Therefore, some Al, Cu, Fe and Ni 
alloys are prone to liquid metal embrittlement [24] during FIB irradiation. 
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Figure 2. Automation of FIB-SEM EBSD and EDS.  a) Schematics of FIB milling geometries.  
b) Schematics of EBSD/EDS data collection geometries.  c) 3D EBSD volume is showing 
microstructure of perlite block.  The colour is composed of image quality (gray value) and 
a colour code for the crystal direction parallel to the x-axis of the sample, after [20]. 

 
 
 
 
 
 
 
 
 
 

Figure 3. a) Synchrotron radiation X-ray microradiographs show continuous penetration and 
thickening of Ga along an Al grain boundary.  b) Schematic drawing of the Al bicrystal in 
contact with the Ga droplet.  The bicrystal has a grain boundary length of 3.5 mm and a width 
L of 0.8 mm [21]. 

 
 
b) LMIS is divergent ion source (Fig. 4a) emitting a beam shaped and focus to a spot by a FIB 

column.  This limits the optimal beam shape and the maximum current density that is achieved 
by a FIB column.  Therefore, usable beam shapes, beam spot sizes, and beam current densities 
are limited to beams having currents < 65 nA [25], see Fig. 4c.  These constrain the maximum 
material removal rate (e.g., 17.6 µm3/s for Si [26]) and the maximum volume of material 
(for most of the materials < 50 × 50 × 50 µm3, e.g. Fig. 2c) that is removed with reasonable 
amount of time. 

 
In situ gas injection systems (GIS) have added site-specific matter deposition, micrometre-size 
complex structure fabrication [28, 29], and enhanced milling/etching functionalities [17].  While 
nano-manipulators together with GIS have enabled micro-scale sample preparation, 
manipulation and transfer, e.g., TEM lamella [30] and atom probe tomography (APT) [31], 
nano-pillars extraction, preparation and lift-out [17]. 
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Figure 4. a) Schematics of liquid metal ion source.  b) Schematics of inductively coupled plasma 

source.  c) Comparison of the beam diameter versus the ion beam current for LIMS and ICPS 
based FIB columns [27]. 

 
 
FIB-SEM equipped with cryogenic stage kits are suitable for milling and imaging of untreated 
biological and beam sensitive specimens [32].  In Life Sciences, cryo FIB-SEMs are preparing 
samples for cryo electron correlative microscopy and tomography workflows [33]. 
 
In the early 2010’s, the first experimental TriBeam systems, based on FIB-SEM platforms 
(Fig. 5b), femtosecond laser (chirp pulse amplified (CPA) titanium sapphire (Ti:sapphire) 
femtosecond lasers with approximately 150 fs pulse width and 1 kHz repetition rate), and laser 
optics benches were tested independently at University of California Santa Barbara (UCSB), and 
FEI Company (Hillsboro, Oregon) [34].  These systems had SEM, FIB, and femtosecond laser 
beams focussed on a coincidence point in the main vacuum chamber.  From circa 2017, the 
FIB-SEM with a separate vacuum chamber and femtosecond laser unit (Fig. 5c) is also available 
commercially [35].  Although the applications envelope of fully functioning FIB-SEM is 
expanded to sub mm-scale, and to new capabilities, e.g., laser-induced material deposition [34], 
3D large volume material characterisation, etc., the aforementioned drawbacks of FIB are still 
remaining [34].  Particularly, the small material volume that can be accessed with high precision 
FIB milling is the apparent bottleneck in many advanced scientific and industrial applications. 
 
In order to solve the small material volume removal constraints, in 2012 the first Xe plasma 
FIB-SEM emerged commercially [36].  Typically, PFIB-columns use electron cyclotron 
resonance (ECR) [37] or inductively coupled plasma (ICP) source [38] (Fig. 4b), and xenon 
noble gas to generate Xe+-ions beam.  Use of ECR or ICP with heavy and inert Xe+-ions suppress 
the two drawbacks of LMIS FIB-based instruments.  ECR and ICP source produces broad and 
parallel beam, shaped, and focussed by the PFIB optics to a minimum spot sizes in dozens of nm 
range (pA beam currents).  Although the imaging capabilities of PFIB are worse than FIB 
(see Fig. 4c) or SHIM, the PFIB beam profile and spot size can be precisely shaped, and control 
to a very high beam currents [25] (Xe+: 2,500 nA), and current densities.  As a result, it greatly  
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Figure 5. a) Schematics of FIB-SEM or PFIB-SEM.  b) Schematics of integrated Laser FIB-SEM or 

Laser PFIB-SEM.  c) Schematics of FIB-SEM with an external laser unit and a separate 
vacuum chamber. 

 
 
increases the maximum material removal rate (e.g. 675 µm3/s for Si [26], 38× faster than for 
FIB), and the maximum volume of material (for most of the materials ~ 200 × 200 × 200 µm3, 
e.g., Fig. 6), that can be removed with reasonable amount of time. 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Large volume 3D EBSD collected using Plasma FIB-SEM [49].  a) Shot-peened double 
notch fatigue test 7075 sample with the material chunk ready for lift-out.  b) The lift-out 
using EasyLift nano-manipulator; c) the material chunk attached to a Cu half-moon grid.  
d) 3D EBSD results (IPF-Z image stack.  One of the volumetrically largest Xe+ PFIB 3D 
EBSD datasets gathered to date). 

 
 
Circa the year 2019, Xe+ plasma FIB-SEM application envelope have been expanded by adding 
correlative microscopy (CM) holder kits/workflows [39], negative tilts for the stage, and 
installing three additional primary ion species for the PFIB column [40], namely argon, oxygen, 
and nitrogen (see Fig. 4b).  The CM holder kit solution allows multi-scale, multi-modal study, 
and precise tracking of volume of interest from X-ray microCT to DualBeams.  The negative 
tilts allow for mimic the broad ion beam (BIB) polishing action at glancing angles while spinning 
the irradiated surface.  This led to a new technique called PFIB spin milling, where sub-mm 
surface areas are sequentially removed with nm-precision and recorded with SEM qualitative, 
and quantitative imaging modes [41].  Two noble (Xe and Ar) and two reactive (O and N) gasses 
expand the Materials Science and Life Science applications range for the plasma FIB-SEM 
microscope [42, 43].  
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In the subsequent year, the low voltage PFIB performance have been improved, allowing precise 
Xe+ and Ar+ beam polishing of TEM samples at 1 keV [44] and 500 eV [45, 46]. 
 
In the year 2019 the first commercial system has emerged that expands the TriBeam arrangement 
concept (Fig. 5b).  The platform is equipped with monochromatic SEM and PFIB 2.0 columns, 
compact femtosecond laser (carbide ultra-short pulse (280 fs) laser tuned to green (515 nm) and 
near-infrared (1030 nm) pulses), beam shaping and scanning optics [40], and negative tilts stage.  
This system can prepare large lamellas for TEM/TKD (Fig. 7a), and mm-range cross-sections 
and serial sections, and when equipped with fast analytical detectors it probes a mm3-large 3D 
EBSD information [47, 48] (Fig. 7b). 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Helios 5 laser PFIB prepared samples.  a) TKD lamella of tensile tested Ti64 alloys.  Image 

courtesy: Dr Ali Gholinia, The University of Manchester.  b) 3D reconstructions of an 
additively manufactured CoNi alloy sample.  One of the volumetrically largest TriBeam 
datasets gathered to date [47]. 

 
 
In 2021, two additional TriBeam configurations were introduced [50] to expand the application 
space of these systems further.  The first is a PFIB-SEM system that can use multiple primary 
ion species, while the second is a Ga+ FIB SEM system.  Both systems are based on the Helios 
5 platform and are equipped with the same compact femtosecond laser unit as the previous 
configurations (similar to Fig. 5b). 
 
 
  3.  FOCUSSED BEAMS AND EBSD METHOD 
 
There are plenty of detectable and useful signals excited by a focussed electron beam in a solid 
matter (Fig. 8a).  High energy stationary electron beam is backscattered or transmitted (electrons 
are transmitted through thin film or lamella, typically < 100 nm thin) from diffracting 
crystallographic planes of a solid volume about 20 nm deep in the crystal material.  These 
diffracted or transmitted electrons form on a detector (phosphor screen and CCD/CMOS camera, 
or directly recorded with a semiconductor direct electron detector) a regular pattern of curved  
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bright lines, namely a backscattered Kikuchi diffraction (BKD) pattern, Fig. 8c (the traces of 
Kossel cones on the detector plane, Fig. 8b), or transmission Kikuchi diffraction (TKD). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Interaction of focussed electron beam with a solid matter.  a) Range of signals excited by an 
electron beam [51].  b) Schematic of the diffracting cones with respect to the reflecting plane, 
the specimen, and the phosphor screen [52].  c) Example backscattered Kikuchi diffraction 
pattern from Co grain [53]. 

 
 
The EBSD technique [54] (Figs. 2b and 8b and 8c) and TKD [55-57] (Figs. 9a and 9b) are 
standard methods to obtain spatially resolved crystallographic information via the automated 
analysis of Kikuchi diffraction patterns in the SEM.  The onset of modern EBSD method is dated 
in the year 1994, when the first publication emerged on automated BKD analysis [58].  From the 
mid-1990’s to the mid-2010’s we can observe a steady increase in the number of publications 
that use phosphor/CCD-based EBSD technique (in practical applications of CCD-based EBSD 
data is collected and analysed with a speed < 1,000 fps) (Fig. 10).  The introduction of 
commercial phosphor/CMOS-based EBSD camera systems (in practical applications of 
CMOS-based EBSD data collected and analysed with a speed < 2,000 fps) resulted in significant 
increase in the number of publications from circa 2017 (Fig. 10).  In 2013, the EBSD optical 
path for recording Kikuchi diffraction patterns is eliminated by experimental direct electron 
detection (DeD) systems [59].  DeD-based detector is a compact device, thus other EBSD 
geometries are possible, for example tilt-free EBSD [60], (Figs. 9c to 9e).  The latest 
development in DeD technology is electron energy-filtering detectors [61], and high-speed 
(~ 6,000 fps) BKD collection with the arbitrary kernel row addressing (AKRA) mode [62].  
According to Scopus database [63], the first EBSD research work that uses FIB-SEM was 
published in 2002 [64] (Fig. 11), laser FIB-SEM in 2012 [65], PFIB-SEM in 2016 [25], and laser 
PFIB-SEM in 2021 [47].  Further insight to the EBSD and TKD method, various experimental 
setups, electron detection technology, diffraction pattern simulations, pattern matching  
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approaches, and the data post-processing is beyond the scope of this work.  The author 
recommends for further reading books [52, 54], publications [52, 55-57, 59-62, 66-72], and the 
work cited there. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. EBSD/TKD geometries.  a) TKD using the standard EBSD camera, and b) the dedicated 
TKD camera [71].  An overview of the tilt-free DeD EBSD detector [60] with c) an image 
of the complete hardware design with electronics external to the SEM chamber, 
d) operational image of tilt-free geometry detector within the SEM chamber, and 
e) an example Ni EBSP collected in the tilt-free geometry at 20 kV with a 2 second exposure 
time. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. The graph shows number of documents published yearly on the EBSD related research, in 

total 2702 documents.  Source: Scopus, February 2022.  Search keywords: EBSD, electron 
backscattered diffraction, electron backscattering diffraction, backscattered Kikuchi 
diffraction. 
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Figure 11. The graph shows number of research documents published yearly on the EBSD integrated 
with FIB-SEM, PFIB-SEM, laser FIB-SEM, and laser PFIB-SEM.  Source: Scopus, 
February 2022. 

 
 
  4.  SURFACE PREPARATION METHODS FOR EBSD 
 
As mentioned in Section 3, Kikuchi diffraction patterns are formed by diffracted electrons 
travelling from the superficial layers of specimen’s surface.  Thus, the sample preparation 
methods, that retains an intact and planar at nanometre level crystalline microstructure, are 
critical to achieve unbiased measurements.  Frequently, specimen surfaces are covered with 
contaminants, oxides, surface reaction products, and crystallographic scale damage induced by 
plastic deformations, amorphisations, heat or implantation damage.  Ceramics, semiconductors, 
metals, and their composites, e.g., cermets, respond differently to the common sample 
preparation methods.  Therefore, materials and specimens need to be prepared on an individual 
basis, and it may involve a “trial-and-error” approach. 
 
A number of sample preparation methods for EBSD/TKD is available, and have been used 
[17, 30, 31, 41, 64, 65, 73-79] (these references point to one of the first papers published on the 
subject matter): a) metallographic grinding and polishing, b) electropolishing, c) chemical 
polishing, d) cleaving and fracturing, e) broad ion beam planar and cross-sectioning polishing, 
f) focussed ion beam planar (FIB or plasma FIB planar polishing is known as FIB/PFIB spin 
milling [41), cross-sectioning polishing, g) and femtosecond laser polishing.  This paper gives 
a brief insight on methods f) and g). 
 
  4.1. Ga+ FIB and plasma FIB 
 
A high-energy beam of particles interacts with a solid, causing initiation of several processes in 
the volume of interaction [17], as depicted in Fig. 12a.  When considering a focussed beam 
preparation of the sample surface, it is crucial to maximise: i) the sputtering of substrate’s atoms 
(the maximums in Fig. 12b), and ii) the backsputtering of primary ions. 
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Figure 12.  a) Schematic diagram of the sputtering process and ion-solid interactions (based on [80]).  
SRIM simulation of b) sputter yield, and c) ion penetration range of several primary ions 
species interacting with a silicon at various incidence angles [39]. 

 
 
At the same time, iii) the collisions induce secondary processes that need to be suppressed to 
a negligible level.  These are: primary ions implantation (the minimums in Fig. 12b), chemical 
reactions, recoils of constituent atoms, defects formation, thermal and radiation-induced 
diffusion, mixing of constituent elements, phase transformation, amorphisation, and 
re-crystallisation.  Further, it is important to suppress iv) the surface morphology changes by the 
ion implantation and sputtering, namely, curtains, craters, facets, grooves, ridges, pyramids 
formation, blistering, and exfoliations.  In general, processes i) - iv) are competing phenomena.  
Thus, to achieve EBSD/TKD suitable surface finish the following priorities for sample 
preparation need to be enforced: 1) pristine surface finish and roughness at nm-range, 2) intact 
crystal lattices, and 3) maximum sputter yield of substrate atoms.  As a result, low glancing 
angles (0° - 8°.) of FIB, PFIB milling and polishing, and a range of ion energies 
(30 keV - 500 eV) are used (Fig. 13a).  PFIB may need additionally application of the rocking 
mill approach to mitigate surface curtains [25].  Automated 3D EBSD runs are typically 
performed at 30 keV and the polishing currents (FIB: 1 nA, PFIB: 60 nA).  EBSD/TKD sample 
preparation is starting from the high ion energy (30 keV) and beam milling/polishing currents 
(FIB: 10 … 1 nA, PFIB: 200 … 60 nA), and finishes at very low ion energies (down to 500 eV, 
for FIB and PFIB) and beam currents (≥ 50 pA).  SRIM [81] calculated ions ranges in silicon for 
Ga+ FIB and PFIB (Ar+, Xe+) are similar for energies < 2 keV, but PFIB gives the benefit of 
gallium-free specimen preparation (Fig. 13b).  Ar+ PFIB prepared samples directly compete with 
Ar+ broad ion beam polished specimens [46].  While recently, Ne+ HIM have been used to 
prepare an EBSD quality Cu specimen [82]. 
 
  4.2. Ultra-short pulse lasers (USPL) 
 
In simplified terms, laser electromagnetic radiations interact only with electrons of material 
atoms, since nuclei are too heavy [83].  The processes vary for metals, semiconductors, and 
dielectrics.  Figure 14 shows the timescale of electron and lattice processes in laser-irradiated 
solids.  Femtosecond laser pulse transfers energy during carrier excitation and thermalisation, 
subsequent processes follow without external energy.  While being close to the ablation  
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Figure 13. a) SRIM simulation of ions implantation ranges for energies 100 eV to 30 keV; 0.1 glancing 
angle of ions.  b) Titan 300, STEM HAADF Z-contrast; Al/Si interface; Ga FIB versus 
Xe PFIB.  Image courtesy: Brandon Van Leer and Chengge Jiao, Thermo Fisher Scientific 
[46]. 

 
 
 
 
 
 
 
 
 
 
Figure 14. Timescale of electron and lattice processes in laser-irradiated solids [83]. 

 
 
threshold, the other thermal and structural effects are suppressed to a negligible level, allowing 
high quality EBSD mapping [34, 47, 65, 84, 85], see Fig. 15b, c (adopted from [84]).  Very high 
fluences transfer so much energy causing pronounced thermal and structural effects [34, 86, 87], 
e.g., dislocations injection, phase transformation, amorphisation and re-crystallisation. 
 
One of inherent features of femtosecond laser ablation of a solid in the low fluence regime is 
formation of the laser induced periodic surface structure (LIPSS) [84, 85], see regions A in 
Fig. 15b.  LIPSS varies significantly with the pulse width of the laser beam, and laser processing 
conditions (the laser polarisation, repetition rate, laser fluence, laser scanning patterns) [47, 48].  
These nano-sized structures retain the original crystalline lattice with negligible lattice damage 
(see Fig. 7a) have the periodicity in the range of half of the laser wavelength, and the roughness 
in the range of dozens of nanometres.  LIPSS may obscure the diffracted electrons leading to 
non-indexed areas on the surface (Fig. 16a).  However, tedious selection of laser processing 
parameters can suppress LIPSS to the negligible level (Fig. 16a) [88].  Materials surfaces prone 
to laser damage need to be post-laser processed.  For example, the surface damage and the 
periodic surface structure can be removed by FIB (30 keV … 5 keV, < 30 nA, < 10° glancing 
angle [85], Fig.16b) or PFIB (30 keV and lower, ≤ 60 nA, < 10° glancing angle [26]) polishing.  
Nevertheless, some materials (e.g., GaN [85]) are more sensitive to FIB induced damage than 
damage generated by fs-laser ablation, leading to reduced quality of recorded Kikuchi patterns. 
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Figure 15.  Femtosecond laser interaction with matter.  a) The ablation depth versus the laser fluence 

for CMSX-4 Ni-based alloy single crystal [84].  b) EBSD grain reference orientation 
deviation (GROD) map (in degrees) [84].  c) Schematics of laser fluence spatial profile and 
ablation geometry at surface glancing angles (based on [85]). 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16. EBSD images (inverse pole figure with superimposed image quality).  a) Coarse grain 

copper (left) and ultrafine grain cooper processed with a 300 fs, λ = 512 nm laser, the fluence 
1.96 J/cm2, the repetition rate 37.5 kHz for coarse, and 12.5 kHz for fine laser parameters 
[88].  b) Rene 88 machined with 150 fs, λ = 780 nm laser with 1 kHz repetition rate, and FIB 
polished at 30 keV, 20 nA [85]. 

 
 
  5.  CONCLUSION AND FURTHER DIRECTIONS 
 
This paper briefly reviews the last 30 years of the development of the focussed beams (electron, 
ion, and photon beams) and their application for the EBSD and TKD methods.  In the beginning, 
these beams formed standalone research platforms.  The development of FIB-SEM microscope 
opened up in situ, and site-specific investigation in the micro- and nano-scale, and in two- and 
three-dimensions.  Improved beams performance, various electron detection channels and  
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analytical detectors (EBSD, EDS, WDS, etc.) add new imaging modalities and quantitative 
analyses possibilities.  Xenon plasma FIB expands the application space, and increases 3D EBSD 
material volume analysed with DualBeams.  EBSD and EDS data mapping remain the slowest 
part of the 3D data collection workflow, although there are exciting improvements in detector 
speed with DeD EBSD.  Multi-ion plasma beam and low keV beam performance further expands 
the application spaces of PFIB to a) a broader range of life sciences applications (with oxygen 
beam), and b) near damage-free surface preparation (with argon and xenon beams).  The recent 
addition of femtosecond laser beam to the Helios 5 DualBeam microscope platforms enables the 
collection of high-quality 3D EBSD datasets in the mm3-volume range at sub-micrometre SEM 
imaging resolution.  Athermal femtosecond laser serial sectioning of soft polymers and 
biological materials, as well as integrated circuit devices, demonstrates good surface quality and 
finish.  PFIB-SEM and laser PFIB-SEM becoming an essential part in the multi-modal CM 
workflows, being the essential link between the macro- and nano-scale.  The envisaged 
advancement of CM workflows, on-the-fly data reconstruction, smart sampling, active prior 
knowledge analysis and instrument feedback, as well as additional imaging modalities, will 
expand the already broad application envelope of the focussed beams. 
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