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1 Abstract 

Atom probe tomography requires needle-shaped specimens with a diameter typically 

below 100 nm, making them both very fragile and reactive, and defects (notches at 

grain boundaries or precipitates) are known to affect the yield and data quality. The 

use of a conformal coating directly on the sharpened specimen has been proposed to 

increase yield and reduce background. However, to date, these coatings have been 

applied ex-situ and mostly are not uniformly. Here, we report on the controlled focused 

ion beam in-situ deposition of a thin metal film on specimens immediately after 

specimen preparation. Different metallic targets e.g. Cr were attached to a 

micromanipulator via a conventional lift-out method and sputtered using the Ga or Xe 

ions. We showcase the many advantages of coating specimens from metallic to non-

metallic materials. We have identified an increase in data quality and yield, an 

improvement of the mass resolution, as well as an increase in the effective field-of-

view enabling visualization of the entire original specimen, including the complete 

surface oxide layer. The ease of implementation of the approach makes it very 

attractive for generalizing its use across a very wide range of atom probe analyses.  
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2 Introduction 

Atom probe tomography (APT) is a microscopy and microanalysis technique that 

provides three-dimensional compositional mapping1–3. APT is underpinned by the field 

evaporation of surface atoms4. A field in the range of 10-100 V/nm is generated by 

applying a high voltage on the order of a few kilovolts to a needle-shaped specimen, 

with an end radius in the range of 20–100 nm. Superimposed to this electrostatic field 

are either high-voltage pulses5 or laser pulses6,7 that enable time-control of the field 

evaporation and hence time-of-flight measurement for each ion. Conversely to most 

other microscopy techniques, the specimen also acts as the primary ion projection 

optics8–10, and control over its shape is hence critical to achieve optimal operation of 

the atom probe. Specimens can be prepared by electrochemical polishing11,12 or, as 

increasingly common, by lifting out a piece of the sample, depositing it onto a support 

and milling it into an appropriate shape using a dual beam scanning-electron 

microscope / focused-ion beam (SEM-FIB)13.  

Needle-shaped substrates have been used as a support to deposit single or multiple 

layers of a range of materials and enable direct APT analysis. This approach has been 

particularly useful to study materials that were otherwise difficult to prepare into sharp 

needles, including carbon-based materials for instance14–16, a range of metallic 

multilayers for studying diffusional and interfacial processes17–20, along with glasses 21 

and thin organic layers22,23 or even frozen liquids24–26. The deposition of thin metallic 

layers on silicon27,28, ceramics29 or glass30 was shown to modify the field evaporation 

behavior, and for laser-pulsed atom probe tomography, it changes the light absorption 

and heat conduction properties of the specimen. These parameters are critical, since 

they control the rise and decay time of the “thermal pulse” that triggers field 

evaporation following laser pulse illumination31–34, and hence the achievable 

performance limits of atom probe microanalysis.  

Coating of APT specimens has been reported for ex-situ sputtering, i.e. following 

transfer through ambient atmosphere of specimens from the SEM-FIB to an external 

chamber for sputtering35, by using physical-vapor36, chemical-vapor deposition37 (PVD 

& CVD, resp.) or atomic-layer deposition (ALD) 38,39. Encapsulation of thin layers of 

liquid by using graphene conductive coating have also been proposed 40,41. These 

coatings were shown to lead to improvements in mass resolution and yield42, with the 
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coating material and thickness being noted to have some influence on the results30,43. 

The improvement in yield has been posited to be due to pores being filled44, as these 

are known to result in early specimen fracture, likely due to stress concentration45,46.  

Coatings on flat substrates have also been used to encapsulate nanomaterials47, e.g. 

nanoparticles48,49, nanowires50,51 or nanosheets52 prior to performing the atom probe 

specimens. Shadowing effects during deposition, or the chemistry of the deposited 

material, i.e. the Pt-containing precursor in the FIB53, or the use of an electrochemical 

potential that can affect the material to be deposited54, can however make the analysis 

and interpretation arduous.  

Recently, Woods et al.55 revisited an approach introduced by Kölling et al. 56 at 

cryogenic temperatures to coat specimens directly in-situ in the SEM-FIB. This method 

used material sputtered by the ion beam from the surface of a piece of metal placed 

in the vicinity of the already sharpened specimen. Douglas et al. also showed how this 

in-situ sputtering could be used to strengthen the interface between a lifted-out sample 

and the Si-support57, which proved critical to the yield for specimens prepared at 

cryogenic temperatures. This approach allows the precise control over which a section 

of the specimen’s surface is coated and presents the advantage of being versatile with 

respect to the deposited material and the thickness of the coating. 

Here, we report a more systematic study on the influence of these coatings on the final 

atom probe results. We demonstrate coating using Cr, Ti, Al, In, Bi, Co and Ag on a 

Ga-FIB and/ or a Xe-plasma FIB. The coating materials were deposited on a range of 

metallic and non-metallic atom probe needles. We report on the composition and 

structure of the coating itself, and its multiple beneficial effects on the atom probe 

analysis, including increased yield, increased mass resolution, reduced background 

levels in laser pulsing mode, and an increased field of view. Ways forward with this 

approach are discussed for future possible generalization of the approach.  

3 Methods  

3.1 Materials  

For this study, we selected a range of materials, which will be described in the relevant 

sections below. The targets used for in situ sputtering were typically small pieces of 

pure metals (99.99 %) either sourced from Goodfellow, Fisher Scientific GmbH or 
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mixed leftover from the synthesis of larger ingots at the Max-Planck-Institut für 

Eisenforschung. The metal pieces were first cut into small 3x7 mm pieces and ground 

and polished to create a flat surface and remove any oxidation products. Afterwards, 

the metal pieces were mounted on a SEM stub or the copper clip from Cameca 

Instrument Inc.. 

3.2 FIB-based coating  

To highlight the versatility of the approach, multiple SEM-FIBs were used to prepare 

specimens, a Helios 600i, a Helios 5 CX Ga SEM-FIB, and a Xe-plasma FIB-SEM 

Helios PFIB (all Thermo-Fischer Scientific, Hillsboro, OR, USA). The latter two 

instruments are equipped with EZLift tungsten micromanipulators, with the Helios 5 

manipulator having cryogenic capabilities, whereas the 600i is equipped with an 

Omniprobe micromanipulator.  

 

Figure 1: Schematic view of the target preparation. 

 

Figure 1 summarizes the lift-out procedure as described by Thompson et al 58: a 

lamella of the metal to be deposited is lifted out and attached to the micromanipulator, 

Step 1. This can be done either by welding using the gas injection systems (GIS) or 

by re-deposition, under cryogenic temperatures55,59, Step 2. A semi-circular opening 

with an 8–10 µm diameter is then cut, Step 3.  
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Figure 2: Schematic of the different steps for in-situ coating of samples in the FIB. 
Step 1 shows the positioning of the lamella in the ion beam in such a way that the 
specimen is in the center of the opening. In Step 2, the alignment in the electron 

beam is shown, where the top view of the specimen is represented by the blue circle, 
while the arrow indicates the movement of the manipulator to bring the target to the 
desired position. In Step 3, the ion beam is screened in the orange areas, while the 
blue area represents the exclusion zone. SEM images before and after coating a Ni 

tip with Cr are shown. 

Figure 2 details the steps for the coating itself. The opening in the lamella is placed 

over a sharpened APT specimen, so that it sits directly in the center of the opening as 

imaged by the ion beam, Step 1. The bottom edge of the opening circle is typically 

about 1.5 µm from the specimen’s tip. The distance to the tip and the diameter of the 

circle will determine how much of the specimen is coated. For the electron beam, the 

lamella is placed in such a way that the sharpened specimen is covered by the upper 
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edge of the lamella Step 2. Finally, the ion beam is rastered on the metal target, from 

the inner circle outwards, using the pattern shown in orange in Figure 2, Step 3. To 

ensure that the beam does not hit the sample itself, an exclusion zone in the FIB is 

covered by the blue shaded area. The parameters used depend on the material being 

sputtered and the desired film thickness. For Cr, sputtering was performed at 30 kV 

and 40 pA for 30 seconds. To ensure a homogeneous and uniform coating from all 

sides, this process was repeated from four sides by rotating the specimen 90°, after 

each pass. Figure 2D shows an example of a Cr coated Ni specimen, before and after 

coating. At this scale, the coating appears in the form of a homogeneous and show a 

uniform increase in diameter of the specimen.  

In addition to coating needle-shaped samples, it is also possible to coat the surfaces 

of flat samples. Protection layers deposited using the Pt-precursor from the GIS are 

generally not perfectly dense and contain carbon residues from the precursor gas, 

which can then cause issues during imaging by transmission-electron microscopy, and 

often make field evaporation in the APT of this layer problematic. When deposited with 

the ion beam, there can also be structural damage in the sub-surface region58. With 

the method described in Figure 3, a metallic layer can be deposited in-situ on the 

desired location of the sample’s surface. The lamella is moved close to the surface 

and the ion beam is rastered over the rectangular area marked in orange. The same 

parameters were used as for the needle-shaped specimen, but a longer deposition 

time of 1-4 min was required. In both cases, the coating can be done under cryo-

conditions, making this method very versatile. Using the GIS under cryo-conditions is 

problematic because the gas condenses on all cold surfaces, which makes a 

controlled deposition impossible. Using this method, a thin metal layer can be 

deposited under cryo-conditions in a controlled manner. 
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Figure 3: Schematic overview of the coating of a flat surface and the SEM image 
showing the coated surface. 

 

3.3 APT 

Following preparation and coating, specimens were either transferred through air or 

via cryo/vacuum suitcase (Ferrovac) to a Cameca LEAP 5000XS (straight flight path) 

or 5000XR (reflectron) atom probe. The specific running conditions will be specified 

below for each set of results. Data reconstruction and analysis were performed using 

APSuite 6.3 software. The initial reconstruction was performed using the measured 

start radius and angle of the specimen obtained from the SEM image of the 

sharpened/coated specimen, following the point projection protocol by Geiser et al.60. 

The reconstruction parameters, image compression factor (ICF) and field factor (kf) 

were calibrated using crystallographic poles as described in Gault et al.61  and adjusted 

to obtain lattice spacing, as reported in the literature.  

3.4 (S)TEM 

For the transmission electron microscope (TEM) analysis, a FEI Titan Themis 

microscope with an image corrector operated at 300 kV was used to reveal the 

structure of the in-situ metallic coating of a Ni specimen. Energy-dispersive X-ray 

(EDX) analyses and high- angle annular dark field (HAADF) imaging was performed 

in scanning TEM (STEM) mode using the same instrument. 
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4 Results & discussions 

4.1 Structure and composition of the coating  

Specimens for APT were prepared using a Ga-FIB and a Xe-PFIB from nano-

crystalline, high purity (99.99 %) Ni. The nanocrystalline layer is formed during severe 

deformation from grinding the pure Ni plate. The plate is then gently polished to 

facilitate preparation by FIB lift out, as outlined in Thompson et al.58.  

TEM and (S)TEM analyses were performed to study the structure and thickness of the 

deposited Cr layer. Figure 4A displays TEM images after only one side of coating, 

where a thin homogeneous layer has deposited on the Ni specimen. After coating the 

specimen in each pass and rotating it 90° four times to coat it from all sides, the 

deposited layer thickness is approx. 10 nm. This is consistent with our estimation form 

the SEM images, shown in (Figure 2). Interestingly, the Cr layer is conformal with the 

specimen, homogeneous and uniform over several hundred nanometers down the 

shank, as readily visible in Figure 4B. There seems to be no discernible shadowing 

effects or columnar growth of the sputtered layer, which have been previously reported 

in the literature13. EDX mapping in S(TEM) mode shows the Cr layer around the Ni 

needle, Figure 4C. Figure 4D is a close-up of a notch on the edge of the specimen. 

Following coating, the outer edge of the specimen is smooth and homogeneous, which 

is likely to reduce the stress localization, leading to increased mechanical stability of 

the specimen during analysis. At this stage, whether the sputtered layer is 

nanocrystalline or amorphous is difficult to unambiguously assess and it likely that the 

structure is dependent on many parameters such as substrate and target materials, 

ion beam acceleration voltage and current.  
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Figure 4: A shows a Cr coating on a Ni tip from one side and from four sides for 
comparison. B shows the tip with a homogeneous Cr layer of several hundred 

nanometers along the shaft of the tip. EDX mapping shows the Cr coating. Defects 
and roughness of the sample surface can be homogeneously coated, as shown here 

on the example of a grain boundary. 

The chemical composition of the Cr-coating on a Ni specimen was then analyzed by 

APT following transfer through ambient conditions to the atom probe. Figure 5A and 

5B display reconstructions of specimens prepared by Xe-PFIB and Ga-FIB, 

respectively. The coating covers the top and sides of the specimen. The Xe and Ga 

distributions are visualized using iso-surfaces. Xe tends to agglomerate, whereas Ga 

appears distributed across the entire Cr layer. The composition of the Cr layer varies 

strongly, with 53.5 at % Cr, 45.9 at. % O and 0.6 at. % Xe obtained on the PFIB (Table 

1). This contrasts with the composition of the coating obtained by Ga-FIB that is 85.3 

at. % Cr, 8.5 at. % oxygen and 6.2 at. % Ga (see Table 1).  
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Figure 5: Comparison of the structure of the Cr layer produced with a Xe and a Ga 
FIB. In A the Xe clusters with an iso-surface concentration of 4 at.% a and in B the 

Ga distribution with an iso-surface concentration of 5 at.% are visualised. 

Table 1: Composition of the Cr coating prepared by a Xe and Ga FIB. All numbers 
are given in at.%. 

 Xe-PFIB  Ga-FIB  

Ga - 6.241 

Xe 0.593 - 

Cr 53.506 85.241 

O 45.897 8.518 

 

Oxygen originates from the fast formation of the passivating Cr-oxide in between two 

passes of the ion beam on the surface. The difference in composition could result from 

differences in vacuums achieved in the two microscopes, or from the fact that the Xe 

removes ions mostly from the surface, which is likely to be more enriched in oxygen. 

In general, a higher Ga content is observed compared to Xe, which can be attributed 

to its higher reactivity, deeper penetration, and overall higher concentration of Ga 

inside of the target material compared to Xe.  
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4.2 Yield and mechanical resistance 

Atom probe specimen from the same nanocrystalline Ni were prepared and Cr-coated 

using a Ga-FIB (Helios 5 CX). APT analyses were performed at 50 K, in laser pulsing 

mode (laser pulse energy of 40 pJ), with a repetition rate of 200 kHz and with an 

average detection rate of 1.5 ion per 100 pulses for both uncoated and Cr-coated 

specimens. The voltage curve from an analysis of an uncoated specimen is plotted in 

Figure 6A. It exhibits multiple dips, marked with blue arrows in Figure 6A, that are 

related to instabilities in the detection rate that can be attributed to sudden changes in 

the specimen’s shape or the loss of fragments of the specimen62. Multiple specimens 

were analyzed. In each case the specimen fractured before 6 million ions could be 

collected. After coating, the voltage dips are no longer observed, as can be seen from 

the voltage curve in Figure 6b. For three analyzed specimens, the analysis was 

stopped when a set voltage of 8 kV was reached, and for each 60–100 million ions 

were collected without specimen fracture occurring. 

We attribute this increase in yield to more stable field evaporation conditions. The high 

density of grain boundaries in nanocrystalline materials makes them particularly 

susceptible to such problems. The Cr coating appears to smooth the surface 

roughness out, and fill in some of the notches or pores, as observed by TEM in Figure 

4D, thereby explaining the improved field evaporation conditions. Mechanical 

stabilization and the associated improvement in yield of coated samples was observed 

here for a range of material systems – from nanocrystalline metals to oxides, to 

biominerals – and is in agreement with previous work42,56. 

 

Figure 6: In A, the voltage curve for the uncoated Ni sample shows several dips, 
indicating uneven evaporation due to GB or other defects and inhomogeneities. B 
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compares the voltage curve for the uncoated and coated Ni samples, showing a 
monotonous increase for the coated sample with no noticeable dips. 

4.3 Mass spectrum improvements 

Improvement in the mass resolution and background levels with a thin metallic coating 

of poor thermally conducting specimen have previously been reported29,42. Here, a 

small fragment from the dentine of a tooth of an unidentified dinosaur found in South 

Korea was analyzed by APT on a LEAP 5000 XR.  APT analyses were performed at 

50 K, in laser pulsing mode (laser pulse energy of 60 pJ), with a repetition rate of 100 

kHz and with an average detection rate of 1.0 ion per 100 pulses for both uncoated 

and Cr-coated specimens. Specimens were prepared on a Ga-FIB (Helios 600i) using 

the protocol in Thompson et al. 58. It is well known that minerals, such as teeth, which 

consist mainly of Mg and other inorganic elements, have poor thermal properties, and 

therefore tend to form more pronounced thermal tails during APT analysis 63,64. This 

leads to a loss of information related to impurities and trace elements that may be 

indistinguishable due to large thermal tail. To investigate the influence of the Cr coating 

on improving thermal conductivity, some dentine samples were coated with Cr and 

others were not. Figure 7 shows a section of the mass spectrum obtained from the 

analysis of a non-coated sample (blue) with over 11 x 106 ions and a coated sample 

(red) with over 21 x 106 ions. Both spectra have been normalized to the 40Ca2+-peak 

at 20 Da. 

In the uncoated samples, the long thermal tail of the 40Ca2+ peak leads to a 

considerable overlap with the peaks of the other Ca isotopes. The thermal tailing 

spreads over a long area, indicating poor thermal conductivity of the material. Such 

long tailings can make the identification and quantification of trace elements 

impossible. It is also difficult to identify isotope ratios, which can be critical in 

quantifying data when there are overlapping peaks and for the dating of fossils and 

minerals65. The shape of the Ca peak is typical for minerals obtained from a dozen 

analyses of the same material.  
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Figure 7: Normalized mass spectra to the Ca-peak for a coated (red) and uncoated 
(blue) specimen prepared from the dentine of a fragment of an unidentified dinosaur 

tooth. 

In the case of the Cr-coated specimen, the mass resolution is vastly improved and 

peak separation greatly simplified. This enables the detection of peaks otherwise 

hidden, for instance 31P2+ at 15.5 Da, and more accurate isotopic ratio measurements: 

for the uncoated specimen the 40Ca2+ peak represents only less than 72 %, whereas 

it is 94.9 % for the coated specimen, noting that the natural abundance is 96.9 %. We 

did not perform specific quantification of the improvement in mass resolution or 

background level since the specimen shape still varies from specimen to specimen, 

even over the course of a single analysis. 
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4.4 Effect on the field-of-view: analysis of aluminum 

4.4.1 Pure-Al analyses 

 

Figure 8: A: data for the uncoated Al specimen clearly shows the (002) and (113) 
poles in the detector hit maps, along with the 3D reconstruction; B, the Cr coated Al 
specimen shows the same poles in the Al-core, and the passivating surface oxides 

around the specimen indicates a larger field of view. The extracted area for the 
desorption map is marked with an orange parallelepiped.  

To investigate the effect on the field-of-view and possible changes in the image 

compression factor (ICF), specimens were prepared from a pure Al plate, ground and 

polished to remove surface oxides. Specimens from both samples were prepared 

using the Xe-PFIB to minimize any spurious effect of Ga implantation on the visibility 

of crystallographic poles. To accurately determine the change in image compression 

factor and field-of-view, while avoiding the influence of different radii or shank angles 

from specimen to specimen, we first measured 8 million ions from a specimen, then 

performed the Cr-coating. The APT analyses were performed at 50 K, in laser pulse 

mode (laser pulse energy of 40 pJ), with a repetition rate of 200 kHz and an average 

detection rate of 1.5 ions per 100 pulses. The same parameters were used for the 

uncoated and Cr-coated samples to aim for consistent measurement conditions. 

Figure 8 A and 8B report on data obtained on the pure Al specimen before and after 

coating respectively. Since the specimen transfer from the atom probe into the FIB 

was done in ambient atmospheric condition, a thin oxide layer has formed, as visible 

in Figure 8B.  

To study a native oxide on an APT sample it is necessary to capture the first thousands 

of atoms from the tip apex. This can be very challenging due to alignment requirements 
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and due to their tendency to fracture off prior to reaching the metal/oxide interface. 

Here, after Cr-coating, the native oxide layer on the tip apex and along the shank of 

the specimen can be analyzed, leading to a massive increase in square nanometers 

of analyzable oxide/metal interface data. The capability of studying the surface of the 

atom probe tip is significant for any research group studying surface catalytic or 

oxidation and could lead to a higher success rate and throughput in the future. The 

thickness of the natural oxide layer on Al was measured to be between 6-8 nm, which 

is in good agreement with literature values66.  

4.4.2 Effect on the reconstruction parameters 

Both detector hit maps show clear crystallographic poles. The ICF depends on the 

theoretical and observed crystallographic angles between two poles67. Poles 

pertaining to the (002) and the four variants of the (113) planes were used to calculate 

the ICF, which is 1.66±0.025 and a calculated kf of 4.75 following calibration. After 

coating the same specimen with Cr, Figure 8B, the ICF was calculated using the same 

poles when visible, and it was 1.70±0.06, with a kf of 4.14 determined from adjusting 

the (002) plane spacing at a depth of approx. 150 nm into the Al.  

The field evaporation of the surface atoms results in a progressive increase in the tip’s 

radius that typically results in a decrease in kf and ICF68,69. Here, the decrease in kf 

can be explained by the increase in the specimen’s radius due to the coating68,69. 

However, contrary to the expectation that the ICF should drop with increasing 

radius68,69, we see no significant change in the ICF after the Cr coating has been 

evaporated from the top and the Al core is being analyzed – maybe a slight additional 

compression of the field lines and therefore of the ion trajectories arising from the 

presence of the Cr coating, but no severe distortions towards the interface between 

the metal and the coating.  

4.4.3 Origins of the increased field-of-view 

A striking difference following coating is the analysis of the native oxide on the 

specimen’s shank, which indicates a significant increase in the imaged surface area 

at the specimen, despite a limited change in angular compression, i.e. the ICF is 

almost constant, as illustrated in Figure 9. There are two important factors here. First 

is the angular field-of-view, that is typically between ±25–30° about the specimen’s 

main axis, and that relates to the angular compression of the trajectory reflected by 
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the ICF. Second, this angular field-of-view defines the actual field-of-view that is the 

imaged area at the specimen’s surface shown by the red arc in Figure 9A, and that 

corresponds to the reverse projection of the detector onto the emitting specimen. As 

the radius increases because of the field evaporation during the APT analysis, the 

imaged surface area also increases, leading to a total analyzed volume delineated by 

the thick red lines.  

 

Figure 9: (A) Schematic view of the angular field-of-view of an uncoated sample, in 
red is delineated the analyzed volume by APT; (B) the coating makes the specimen 
thicker, thereby increasing the imaged surface area at the specimen’s tip, even with 

a constant angular compression; (C) a larger angular field-of-view arising from a 
change in the ICF would simply make the field-of-view mildly wider. 

Coating the specimen is equivalent to increasing its radius. Even if the angular field-

of-view (i.e. ICF) remains the same, as in Figure 9B, the imaged surface area 

increases, allowing for imaging the sides of the original specimen. A similar increase 

in the imaged surface could arise from an increased angular field-of-view, Figure 9C, 

yet this would have translated into a strong change in ICF, which was not measured 

experimentally. The application of this thin Cr-coating appears to lead to an increased 

field-of-view similar to the use of an electrostatic lensing system70,71. The use of the 

conventional reconstruction algorithm did not lead to severe distortions on the edges 

of the field-of-view.  
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4.5 Effect on the field-of-view: precipitates in Al-alloy 

We then perform a similar set of analyses on an Al-5.18Mg-6.79Li (at. %) alloy aged 

for 8h at 150°C to form spherical δ'-precipitates, for more details, please refer to Gault 

et al.72. Following grinding and polishing to remove surface oxides, specimens were 

prepared using the Xe-PFIB. APT analyses were performed at 50 K, in laser pulse 

mode (laser pulse energy of 20 pJ), with a repetition rate of 200 kHz and an average 

detection rate of 1 ion per 100 pulses for both the uncoated and Cr-coated samples. 

Figure 10: In A, a comparison between uncoated and coated samples, Li δ'-
precipitates are visualized using an iso-surface concentration of 8 at.% Li. In the Cr-
coated sample, the Cr layer and the naturally formed oxide layer can be seen, the 

interface between the two being highlighted by orange lines. C and D show the 
corresponding desorption maps for the coated and uncoated specimen. 

Figure 10 is a 10-nm-thick slice through the combined reconstructions obtained from 

the analysis of the same specimen uncoated, Figure 10A, and Cr-coated, Figure 10B. 

The ICF was determined using the two poles marked in Figure 10 C and D, and the kf 

factor was calculated by adjusting the spacing of the (002) planes. Like the pure Al 

specimen discussed above, no significant change in the ICF is observed. The increase 
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in field-of-view offered by the Cr-coating allows for imaging the native oxide and part 

of the Cr layer itself, with the Cr/native oxide interface indicated by orange lines. It also 

leads to a substantial increase in the number of precipitates imaged through the 

specimen’s cross section. This increase in the number of analyzed precipitates for a 

single specimen can help improve statistical accuracy, and it is also possible to 

analyze larger precipitates that may not be directly in the center of the sample. These 

were also highlighted as advantages arising from the use of the lensing system in 

other instrument design70,71, but were achieved on a conventional atom probe 

geometry through this thin metallic coating. 

4.6 Discussion 

4.6.1 Perspective on the benefits of coatings 

Several effects of an in-situ deposited metallic coating on APT specimens were 

reported, including improved mechanical resistance, better thermal conductivity, and 

an increase in the field-of-view. It is interesting to note that the ICF does not change 

significantly, indicating only a small additional compression of the field lines. A major 

advantage of this method is that no additional instrumentation is required, and the 

coating can be deposited in any FIB, with a Ga or Xe source and under cryogenic 

conditions.  

In addition, the coating of the samples allows the complete oxide layer around the tip 

to be seen, as well as the Cr layer, thus allowing the outer layer and the thickness of 

the oxide layer to be analyzed. In comparison to the recently released Invizo 

instrument, which can analyze the outer oxide layer formed on specimens, Tegg et al. 

reported that only a maximum detection area of 90% could be reached71, making the 

assessment of the oxide layer thickness challenging, whereas the Cr-coating acts as 

a clear marker.  

It was also reported that the lensing system used to increase the field-of-view in the 

Invizo instrument leads to severe distortions in the reconstruction71. These are related 

to strong compression of the field lines and trajectories that are not appropriately taken 

into consideration in the currently available algorithms based on a point-projection 

model, making accurate reconstruction difficult. Cr coating does not lead to a 

significant change in the compression, meaning that current reconstruction algorithms 
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remain applicable, and no noticeable change or distortions of the spherical δ'-

precipitates can be observed in Figure 10. 

4.6.2 Limitation 

With the coating imaged only on one side, in Figure 8B, the estimated ICF appears to 

be higher by 6% between the (002) and (113) pole marked in the figure, compared to 

between the (002) and the two (113) poles located on the perpendicular zone axis. 

Differences in the compression for specimen that do not exhibit cylindrical symmetry 

had previously been reported 73, which would lead to slight distortions in the 

reconstructed data since a single ICF is assumed across the field-of-view. The 

presence of the coating on one side could be due to a slight misalignment during the 

deposition process, or the specimen bending slightly, as was sometimes observed 

when thin specimens when they are too thin (see Fig. S1 for Al) or simply to a slight 

misalignment of the specimen in the LEAP. This does not appear to be related to the 

location where the laser hits the specimen (bottom left in the detector hit map). 

From the detector hit maps after the Cr coating, Figure 8B, many areas of higher and 

lower event density appear, forming a speckled pattern indicative of overheating of the 

specimen from the laser. This observation suggests that the absorption of laser energy 

by Cr in the UV region (355 nm) is significantly higher than that of pure Al. Therefore, 

more energy is absorbed in the form of thermal energy which heats the Al sample 

significantly33. Several publications have reported that Cr exhibits photoexcitation, 

which contribute to the higher sample temperature74,75. The presence of the oxide 

layer around the Al, and the multiple interfaces can also limit the heat flows away from 

the apex.  

There can also be severe interference in the mass spectrum between peaks from the 

materials being analyzed, the coated metal and its possible oxides - the APT analysis 

of Cr oxides shows many series of peaks up to relatively high mass-to-charge ratios76. 

This is readily visible in Figure 7, but can be avoided by extracting the Cr-free region 

as a separate reconstruction in the analysis software. However, it is currently unclear 

whether sputtered metal reacts with the surface of the original specimen, or the 

underlying native oxide, or if the deposition process causes structural damage.  
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4.6.3 Future considerations 

Our coating approach is versatile, and many parameters can be optimized. For 

example, the coated metal can be chosen to match the evaporation field of the coated 

material to minimize the evaporation field contrast and possible resulting aberrations. 

This might be even more critical when running in voltage pulsing mode, as field 

evaporation contrast may lead to a build-up of stresses at the interface and facilitate 

fracture, or simply create additional aberrations. 

There are many possibilities for the metal to be coated, and it is easy to change the 

target, but the deposited metal must adhere sufficiently and not react with the incident 

ion beam. In this respect, the choice of an element with only one or two isotopes, with 

relatively well-defined oxides, or with a low tendency to form oxides, or with high 

atomic masses, may seem optimal. Noble metals such as Ag, Pt, Pd or Au could also 

avoid possible reactions with the surface.  

For each material, suitable sputtering parameters must first be found and optimized in 

the FIB, but this process offers the possibility of using a wide range of metals. Ti, In, 

Bi, Al, Co and Ag have also been tried out with similar deposition parameters (see 

Figure S2-S7).  

The Ag layer was very inhomogeneous and will require future optimization. 

Nevertheless, the mass spectrum of the Ag-coating layer shows promising behavior 

as at lower mass-to-charge state ratios than Ag peaks, only Ga and two unidentified 

peaks appear. At higher masses, several Ag oxide peaks appear, which may also be 

related to the speckled texture and its non-uniform evaporation behavior (Figure S3). 

For In, the reaction with the incident Ga ions from the primary beam resulted in an 

uneven deposition from a possibly liquid source, as the In-Ga alloy (42,6 (In) /52,4 

(Ga) at.%) system 77 has a low temperature eutectic (see Figure S4). This could be 

optimized by using the Xe-PFIB.  

Similar observations were made for Al, where the Ga content in the sputtered layer 

was approx. 2.17±0.33, but the deposited layer was very homogeneous and uniform. 

This effect could be avoided by using Xe PFIB and Al is a promising candidate for a 

low evaporation material for coatings (Figure S2). The two candidates that have so far 

shown good sputtering properties with the same parameters are Ti, which has 5 

isotopes and is therefore not perfect (Figure S7). Another candidate is Co, which also 
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forms a uniform layer and has only one isotope, making it attractive for coating, but 

the evaporation field is higher than all the other materials used (Figure S6). 

Finally, the energy distribution of the deposited atoms or secondary ions emitted by 

the target is primarily undetermined at this stage, and so is how these ions possibly 

affect the specimen’s surface upon deposition – i.e. causing implantation or structural 

damage to the surface and subsurface layers. Adjusting the energy of the primary Ga 

or Xe beam may be a lever to adjust this, to minimize damage from these secondary 

particles.  

5 Summary & conclusions 

To summarize, we have demonstrated a low-cost and fast method to form a conformal 

coating on APT specimens that appears homogeneous and uniform. The method uses 

in-situ sputtering of a metallic target by the FIB. This approach is versatile and leads 

to many benefits including: 

(i) environmental protection during transfer between the FIB and the atom 

probe, which is critical for studies of e.g. surfaces and reactive materials; 

(ii) a higher sample yield, possibly due to the mechanical stabilization provided 

by the coating;  

(iii) improved mass resolution and background level leading to improved 

sensitivity by a better thermal conductivity of and or better absorption of the 

laser energy by the metallic coating; 

(iv) possibilities to image the shank of the specimens, which dramatically 

increases the surface area of e.g. native oxides formed on atom probe 

specimens and further stabilization of the oxide layer evaporation; 

(v) the possibility to detect larger numbers of precipitates due to a larger field 

of view within the same specimen, thus increasing the throughput and 

statistical power and decreasing the number of runs and lower the cost; 

(vi) among other things, increasing the field of view by increasing the radius of 

the original tip does not compress the field lines, so the existing 

reconstruction algorithm is retained. 

Much remains to be explored, such as optimizing the sputtering parameters and their 

influence on the thickness or crystalline structure of the coating, adapting the 
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sputtering parameters to different target materials, the influence of the coating on non-

conductive or poorly thermally conductive materials, or the influence of the electrical 

and thermal conductivity of the target metal on analytical performance.  
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7 Supporting Information 

Figure S 1: Al sample before and after Cr-coating. The coating is uniform, and the 
radius of the original tip has increased but the tip is slightly bent. 



32 
 

Figure S 2: Specimen coated with Al. The coating is uniform, the extracted mass 
spectra of the Al coating show some impurities (Mg and Cu) of the sputtered Al 

lamellae and several peaks of Al oxides.  

 

 

Figure S 3: Al specimen coated with Ag. The coating is not uniform and has a 
speckled texture. The mass spectrum of the Ag coating shows promising behavior as 
at low mass to charge state ratios only Ag-Ga and two unidentified peaks appear. At 

higher masses, several Ag oxide peaks appear, which may also be related to the 
speckled texture and its non-uniform evaporation behavior. 

 

Figure S 4: Mass spectrum of the coated In layer, reveals a high proportion of Ga. 

 



33 
 

Figure S 5: Bismuth coating exhibits a very inhomogeneous coating and a very 
strong sputtering rate. 

 

Figure S 6: Co coating shows a homogeneous coating around the specimen, the 
mass spectrum from the cobalt layer reveals that Co barely forms any oxides. 
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Figure S 7: Al specimen coated with Ti, indicates a uniform coating. However, the 
mass spectrum reveals that Ti has a very complex mass spectrum due to its 

isotopes and tendency to form oxides. 

 

 

 


	1 Abstract
	2 Introduction
	3 Methods
	3.1 Materials
	3.2 FIB-based coating
	3.3 APT
	3.4 (S)TEM

	4 Results & discussions
	4.1 Structure and composition of the coating
	4.2 Yield and mechanical resistance
	4.3 Mass spectrum improvements
	4.4 Effect on the field-of-view: analysis of aluminum
	4.4.1 Pure-Al analyses
	4.4.2 Effect on the reconstruction parameters
	4.4.3 Origins of the increased field-of-view

	4.5 Effect on the field-of-view: precipitates in Al-alloy
	4.6 Discussion
	4.6.1 Perspective on the benefits of coatings
	4.6.2 Limitation
	4.6.3 Future considerations


	5 Summary & conclusions
	Declaration of Competing Interest
	Acknowledgments
	6 References
	7 Supporting Information

