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Reconstruction in Atom Probe Tomography Considering the Cone Angle of
Needle-Like Shaped Samples and Evaluation of Reliability∗
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The present reconstruction method of Atom Probe Tomography (APT) has the problem that the parameter,
in particular the shank angle which represents the region the signal of APT is detectable, is adjusted according
to the internal length reference of the sample. The reliable APT reconstruction image could not be obtained in
the sample without the reference. We propose the method to calculate the value of the shank angle from the
shape of sample and the geometric position relationship between the sample and the detector. We compared the
APT reconstruction image in this method to the image in the conventional method with the sample of Si isotope
superlattice. The result is that APT 3D image by the new method was reconstructed equivalently to the image by
the conventional method. [DOI: 10.1380/ejssnt.2015.235]
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I. INTRODUCTION

Many small electric materials and semiconductor ma-
terials are used in electrical products typified by smart-
phones. Recently, electronic devices and semiconductor
devices such as transistors have become smaller and more
complex due to rapid progress in nanotechnology and even
some of these devices come to be controlled by an atom [1].
In these circumstances, development of the new reliable
analytical method which can analyze elements sensitively
in smaller region than popular analytical methods is ex-
pected in the industrial world [2].
Atom probe tomography (APT) is the unique analyti-

cal method which can analyze and evaluate elements and
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get spatial information for each atom [3]. After a sam-
ple is shaped to the needle-like shape by the focused ion
beam (FIB), the sample obtains energy needed to ionize
the apex atoms by applying high voltage. Then, in the
order from the apex of the sample, atoms are emitted as
ions with the principle of field evaporation and reach a
delay line detector. Spatial information is obtained by
arrival positions of ions on the detector. And elemental
information is obtained by mass spectrometry using time-
of-flight to the detector. Atomic distribution can be ob-
tained by constructing 3D image from these information.
At present, not only metals but also semiconductors can
be measured by introduction of pulsed laser by APT [4, 5].

APT is the unique analytical method in terms of the
ability to measure the materials that cannot be measured
by other methods [6]. However, APT has some prob-
lems as a practical analysis method. One of the problems
is uncertainty of parameters using in reconstruction of
APT 3D image. APT reconstruction requires not only
the two pieces of information obtained by APT measure-
ment, mass information and position information of the
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FIG. 1. The relationship between the shank angle and the half
cone angle of the needle-like shaped sample.

detector, but also information of shape of a sample (radius
of curvature of start and end of reconstruction calcula-
tion, or radius of curvature and shank angle of a sample),
and detection efficiency determined by the aperture ratio
of MCP hole and electric field [7]. Since these parame-
ters vary according to shape and composition of a sam-
ple, it is required to determine most proper parameters
for each sample [8]. For example, radius of curvature is
usually determined by TEM image before and after APT
measurement. However, since especially the sample af-
ter APT measurement is not like an ideal sphere but a
deformed shape, radius of curvature cannot be uniquely
determined. In popular APT reconstruction, radius of
curvature was used as the geometric parameter. Since
the shank angle, the parameter about the region the sig-
nal of APT is detectable, is not the measured value, it
is properly adjusted. For example, in case of samples
which has some character such as crystal plane or layer
thickness, the value of the shank angle are adjusted so
that interface between crystal plane would compose their
faces or so that each layer thickness would be equal to
expected value. This method is usually used in practical
APT users. However, this method is reliable only when
they had the character information in advance. In other
words, the shank angle cannot be decided properly in the
sample without the information such as layer thickness.
In this study, we propose the method to calculate the
value of the shank angle from the shape of sample and
the geometric position relationship between the sample
and the detector. This makes the reliable APT recon-
struction possible even in the sample without the infor-
mation only if they had SEM or TEM image before APT
measurement.

II. GEOMETRIC MODEL

In APT, field evaporated ions go to the detector ac-
cording to electric field. Spatial information is obtained
by the ions reaching the detector, so atoms in the outer
edge of the needle-like shaped sample cannot be detected
because they go out of the detector. The region detectable
with APT is decided by the rod of the needle-like shaped
sample near the central axis, the “shank”. The diame-
ter of the rod “shank” is larger as depth of the sample
is deeper because radius of curvature of the sample is
larger. “Shank angle” is defined as the half cone angle of
the shank. Then, we focused on the relationship between
the shank angle and the half cone angle of the needle-like
shaped sample. Figure 1 shows the relationship between
the shank angle, the half cone angle of the sample and
the detector. The following relationship (1) exists in this
model. Here, s is tangent of the complementary angle
of the shank angle, a is the radius of the detector, b is
the distance between the apex of the needle-like shaped
sample and the detector, and c is the tangent of the com-
plementary angle of the half cone angle of the sample :

s = − b

a
+

√
a2 + b2

a

√
c2 + 1 (1)

where s is calculated by the parameters obtained from
instruments, a and b, and the parameter obtained from
SEM or TEM image, c. It is the shank angle calculated
from s, not adjusted by the character samples have, that
is used by the APT reconstruction in this study. We com-
pared the APT reconstruction image in this method to the
image in the conventional method.

III. EXPERIMENTAL

In this study, Si isotopic superlattice was used as the
sample. 10 nm thickness 28Si layers and 20 nm thickness
30Si layers are alternately stacked [9, 10]. Mass numbers
of two layers of Si isotopic superlattice are different, so
28Si layers can be distinguished from 30Si layers. More-
over, energies which are necessary for field evaporation are
the same at anywhere in Si isotopic superlattice because
the two layers are chemically equivalent. The Si isotopic
superlattice is almost an ideal sample because artifacts
introduced by the multilayer structures is minimized [11].
Many kinds of evaluation in APT such as mass resolu-
tion were done with this material [12, 13]. The 30 kV Ga
FIB was used for preparing the needle-like shaped sample
from the Si isotopic superlattice. A laser-assisted local-
electrode atom probe (LEAP3000XSi, AMETEK) with a
green laser (wave length: 532 nm) was used for APT anal-
ysis. The pulsed laser power and base temperature of the
sample were 0.3 nJ and 50 K, respectively. For the re-
construction of APT data, IVAS computer program was
used.

IV. RESULTS AND DISCUSSION

We confirmed how APT data in a real material was
reconstructed by using the relationship 1. Figure 2 (a)
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FIG. 2. (a) The SEM image of the needle-like shaped sample made of Si isotopic superlattice. (b) APT reconstruction image by
the new reconstruction method. (c) APT reconstruction image by the conventional reconstruction method. Blue dots is 28Si,
and red dots is 30Si.

FIG. 3. (a) and (b) show APT reconstruction images at positions from 110 nm to 115 nm from the apex of the samples. (a)
Image by the new reconstruction method. (b) Image by the conventional method. (c) and (d) show the distribution of 28Si and
30Si concentration at the yellow area of (a) and (b). The analysis volume was x × y × z = 5 × 70 × 4 nm3.

shows a SEM image of the needle-like shaped sample fab-
ricated by Ga-FIB. About the sample, radius of curva-
ture was about 50 nm and the half cone angle of the
sample was about 15 (= 90 − 75) degree. The comple-
mentary angle of the shank angle was calculated as 85.4
degree by the relationship 1. So the value to be inputted
as the shank angle was 4.6 degree. Figure 2 (b) shows
the APT reconstruction image by using this shank an-
gle value. Figure 2 (c) shows the APT 3D image recon-
structed by the conventional method in which the shank
angle was adjusted to obtain the best fit between recon-
structed and designed layer thicknesses. The value of the

shank angle which yields the best fit is about 7.0 degree.
Here, “image compression factor” is the factor to correct
the gap between the trajectories of ions field-evaporated
from an ideal spherical surface and from an actual sam-
ple [14]. The image compression factor greatly depends
on the shape of the sample such as the shank angle. In the
new method, the values of parameters except the shank
angle are not modified from the conventional method be-
cause the value of the shank angle is correctly defined and
only the difference of the shank angle should be discussed.
So Fig. 2 (b) is different from Fig. 2 (c) in the shape of
the external form, but it was confirmed that Fig. 2 (b)
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FIG. 4. The relationship between the distance from the apex
of the sample and the interface sharpness (double standard
deviation). The analysis volume of each depth was x × y × z
= 5 × 70 × 4 nm3.

almost appeared almost equal to Fig. 2 (c).
We considered to what extent the quality of the two

APT reconstruction images, Fig. 2 (b) and Fig. 2 (c), were
different. Figure 3 (a) and (b) shows the APT reconstruc-
tion images at the positions from 110 nm to 115 nm from
the apex of the sample. Figure 3 (c) and (d) shows the dis-
tribution of 28Si and 30Si concentration at the yellow area
of Fig. 3 (a) and (b). In the prior papers, the interface
sharpness between layers was often defined as the distance
that the concentration of an elements is from 16% to 84%
when the concentration was standardized [15]. According
to this, the thicknesses of layer boundary in Fig. 3 (c) and
(d) were both about 2.6 nm. Therefore Fig. 3 (a) and (b)
have almost the equal quality in this point.
Figure 4 shows the relationship between the distance

from the apex of the sample and the interface sharpness.
In this case, the interface sharpness was evaluated with

double standard deviation of the fitted Gaussian integral
function. In the inside of the samples, the interface sharp-
ness in the new method is almost equal to that in the
conventional method. Around the apex, the new method
gave somewhat the larger values than the conventional
method. The depth scale in APT reconstruction image
depends on the detection volume. The depth scale be-
comes smaller when the shank angle becomes larger, in
other words, the length of x and y axis becomes longer.
As a result, the region damaged by Ga FIB was shifted
to the apex in the new method. Therefore this difference
seems not so significant, assuming the value of the inter-
face sharpness converges at the shallower position of the
depth axis when the shank angle is larger.

As shown above, APT 3D image was reconstructed
equivalently to the conventional method, by using only
APT measurement data and TEM or SEM image which
is always measured in APT analysis, not by using the
peculiar value of the sample such as layer thickness.

V. CONCLUSION

In this study, the new APT reconstruction method was
proposed, and APT reconstruction image equivalent to
the image in the conventional method can be obtained.
This means that a reliable 3D image can be reconstructed
in the new reconstruction method for even samples with-
out internal length reference if there is a SEM or TEM
image of the samples before APT measurement.
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