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Abstract—Accurate characterization of subsurface features in
integrated circuits (ICs) is essential for defect detection, quality
assurance, and supply chain security. The interiors of ICs are
challenging to probe post-manufacturing due to the presence of
many close-packed and nanoscale subsurface features of multiple
material compositions, often spread over square millimeters of
chip area. X-ray computed tomography (CT) has historically been
a powerful tool for 3-dimensional imaging of buried features, but
modern instruments are unable to achieve the spatial resolution,
elemental sensitivity, or scan areas required to fully characterize
ICs. Advanced imaging of ICs is possible at synchrotron beam-
lines, but such methods are not easily accessible and could not
reside directly at a semiconductor foundry or security agency.
A need exists for compact, laboratory-scale instrumentation that
can image nanoscale features in 3-dimensions over large areas,
with sensitivity to feature size, shape, and composition. We
describe an approach to x-ray CT which merges a focused
electron beam with high magnification system geometry and
a combination of high efficiency and high resolving power x-
ray detection. This achieves nanoscale, element-sensitive imaging
of ICs in a compact instrument footprint. A proof-of-concept
has been demonstrated and current imaging capabilities are
discussed. The path forward is described, with opportunity for
advances in spatial resolution, imaging speed, and spectral imag-
ing capabilities beyond conventional laboratory CT instruments.

Index Terms—Integrated circuits, x-ray computed tomography,
nanoscale imaging

I. INTRODUCTION

Modern integrated circuits (ICs) contain many close-packed,
nanoscale, subsurface features of multiple material composi-
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tions spanning planar chip areas. This structural complexity
has greatly improved the capabilities of ICs. However, it has
also made high fidelity characterization of IC features difficult,
presenting a challenge for critical IC diagnostics such as
defect detection and hardware trojan identification.[1, 2] X-
ray computed tomography (CT) is an ideal tool for the char-
acterization of buried layers, providing 3-dimensional images
to probe the size and shape of subsurface features.[3] How-
ever, capabilities of modern laboratory CT tools lag behind
modern IC fabrication, failing to achieve the required spatial
resolution and providing little to no information regarding the
elemental composition. Synchrotron x-ray imaging methods
have demonstrated sub-20 nm spatial resolution and represent
the state-of-the-art in x-ray imaging of I1Cs. [4, 5] However,
these methods are enabled by the high flux and coherent beam
of a synchrotron x-ray source and remain significantly less
accessible than their compact, laboratory-scale counterparts.
A compact CT instrument holds the advantage of being able
to reside directly at a semiconductor foundry or security
agency, providing immediate feedback for IC analysis and
troubleshooting. Thus, a need exists for a tool capable of
characterizing the structural and compositional complexity of
ICs in a compact, laboratory-scale footprint.

Here, we describe an approach to laboratory x-ray CT which
combines the focused electron beam of a scanning electron
microscope (SEM) with high magnification system geometry
and both energy-resolved and high-efficiency x-ray detection
(Fig. 1A). A proof-of-concept of this tool has been demon-
strated and resolved 160 nm features in 6 layers of an IC while
providing first steps towards elemental sensitivity in the recon-
structed images.[6, 7] These capabilities are enabled in part by
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Fig. 1. A. Overview of the proof-of-concept x-ray microscope, showing
the electron column, scanning electron microscope (SEM) chamber, energy
dispersive x-ray spectroscopy (EDS) detector, and 240-pixel transition-edge
sensor (TES) spectrometer. The TES spectrometer can be replaced with
other x-ray detectors, depending on if the system is being optimized for
imaging speed or spatial resolution and spectral capabilities. B. Schematic
of the x-ray source, IC features, and x-ray detector, demonstrating high
geometric magnification. Parts A and B have appeared in Ref. [6] and Ref.
[7], respectively.

the high geometric magnification of the instrument, which is
accomplished by depositing a metal target directly onto the
IC sample. This provides micrometer-scale spacing between
the source and sample (Fig. 1B). It allows the x-ray detector
to be brought closer to the sample while maintaining high
magnification, preserving a higher solid angle of collection and
x-ray flux. A focused electron beam is incident on the target,
generating an x-ray spot proportional to the electron beam spot
size. The ability to focus electron beams to nanoscale spot
sizes allows the x-ray generation volume in the target to be
kept to the nanoscale, a key requirement for nanoscale x-ray
CT. A transition-edge sensor (TES) spectrometer is used for x-
ray detection, due to their combination of high resolving power
and good collection efficiency.[8] An energy resolving detector
allows energy bands to be selected which contain characteristic
photons that are generated predominantly in the nanoscale spot
size in the target, rather than including background x-rays not
generated in the target which have spread to a larger spot
size. Additionally, energy bands can be selected to promote
high contrast for specific materials in the IC, allowing for
increased elemental sensitivity.[9, 10] Additional details on
system design can be found in [6].

This approach to x-ray CT fundamentally changes exist-
ing limitations, offering an alternative path to higher spatial
resolutions, IC chip-relevant scan areas, and spectral imaging
capabilities. To achieve nanoscale spatial resolution, the x-ray
focal spot size must be kept comparable to the desired spatial
resolution while maintaining enough flux for suitable signal-
to-noise. The spot size and generated flux in a conventional
CT experiment is limited by the x-ray tube source and x-ray
focusing optics, while here the spot size is limited by electron
beam focusing and target deposition. Electron beams can
routinely be focused to nanoscale spot sizes and thin film fab-
rication techniques can deposit target layers with nanometer-
scale control, providing tunable, nanoscale x-ray spot sizes
based on electron beam and target parameters. Additionally,
imaging large planar areas is not possible in conventional
laboratory nanoscale CT, as a reliance on destructive sample
preparation techniques eliminates all but a micrometer-scale
area of the IC.[11] Here, the planar thin film target held
micrometers from the sample allows the planar IC geometry
to be kept intact, enabling full-chip or large area scanning.
Lastly, spectral tomography methods which yield information
on the elemental or chemical composition of the sample rely
on the ability to resolve multiple energy bands or specific
fluorescence lines.[9, 10, 12] Generally, x-ray CT instruments
use high efficiency x-ray detection with poor or no energy
resolution, severely limiting any path forward for spectral
imaging. The x-ray microscope described here is compatible
with both high efficiency and high resolving power detection,
and modes focusing on spectral capabilities will be possible.

In this report, results from a recent proof-of-concept mea-
surement and the current capabilities of the x-ray microscope
will be briefly discussed. Then, paths towards higher spatial
resolution, faster imaging speed, and enhanced spectral imag-
ing capabilities will be shown. We anticipate that the fully
realized instrument will achieve large area scans of planar ICs
with on order 100 nm spatial resolution using highly efficient,
but poorly energy resolved x-ray detection. This scan will be
used to identify additional regions-of-interest, which will be
scanned at 10s of nanometer spatial resolution with elemental
sensitivity using energy-resolving x-ray detectors. The current
instrument is already a powerful tool for nanoscale IC imaging,
and we anticipate future iterations will provide new imaging
capabilities for modern IC characterization.

Il. CURRENT PERFORMANCE

A proof-of-concept was demonstrated on an IC sample with
predominantly Cu features and a 160 nm minimum feature
size. The IC design file was used for comparison with the
resulting reconstructions to verify instrument performance, but
was not used as an input to guide image generation (Fig.
2A). The advantages of energy-resolving x-ray detection in
tomography were shown using a 240-pixel TES spectrometer,
which enabled high spatial resolution and demonstrated the
first steps towards element-specific reconstructions. In Figure
2B, a reconstruction of multiple 1C wiring and via layers
is shown using the 9.1-10.1 keV energy band. This band
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Fig. 2. A. The design file for the demonstration IC, showing 4 of the
wiring and via layers imaged. B. Reconstruction using only the 9.1-10.1 keV
energy band, which contains the Pt L fluorescence line originating in the
target material. C. Reconstruction using the 9.1-10.1 keV and 5.4-6.4 keV
energy bands. Inclusion of the lower energy band enhances contrast for non-
Cu IC features. The large diamond-shaped features in the reconstruction are
chemical-mechanical polishing (CMP) filling, which is an IC feature added
for thermal and mechanical stability but is not included in the design file
here.[13] Portions of this figure have appeared in Refs. [6] and [7]

is dominated by the Pt L line, and thus originates mostly
in the Pt target used for this data collection. All expected
features are clearly resolved, demonstrating that the spatial
resolution is at least 160 nm. In Figure 2C, a reconstruction
including both the 9.1-10.1 keV and 5.4-6.4 keV energy bands
is shown. The lower energy band enhances contrast for non-
Cu features and the resulting reconstruction shows higher
contrast for the first via layer relative to other wiring and via
layers, indicating the presence of non-Cu vias in the IC. These
results demonstrated the promise of combining a focused
electron beam, high system magnification, and energy-resolved
x-ray detection for nanoscale x-ray tomography. Additional
explanation and results can be found in Ref. [6] and Ref. [7].

Methods for data collection and tomographic reconstruction
have been published previously.[6, 7] Monte Carlo electron-
photon transport modeling is presented here to describe future
design and system performance considerations. Modeling was
done using the PENELOPE (Penetration and ENErgy LOss of
Positrons and Electrons) code package, version 2018, driven
via the main program PENEPMA.[14, 15] Pt and Ti targets
were simulated. Pt was found to maximize imaging speed in
the prior data collection, and Ti is included here to provide
a comparison to lower atomic number target materials. A
25 keV electron pencil beam was used to generate x-rays in the
target layers. While other accelerating voltages can be chosen
experimentally, 25 keV was found to be a suitable choice to
maximize imaging speed while maintaining small spot sizes.
When predicting the x-ray spot size, the electron beam is
convolved with a gaussian beam shape to obtain estimates
of the x-ray spot full-width half-maximum (FWHM). When

METHODS

predicting imaging speed, the electron beam current, detector
collection efficiency, detector solid angle of collection, and
detector dynamic range are taken into account.

1V. FUTURE OUTLOOK

The approach to x-ray nanotomography presented here has
a promising future, with a path towards improved imaging
speed, spatial resolution, and spectral imaging capabilities.
As instrument performance is pushed forward, compromises
with respect to the imaging speed and spatial resolution will
guide decisions regarding the electron beam, target design,
and x-ray detector. When selecting electron beam parameters,
a larger beam current will produce more x-ray flux, but also
result in a larger electron beam spot. Thus, imaging speed
would be improved at the cost of spatial resolution. A similar
constraint exists for target design. Thicker targets will improve
x-ray flux from the target layer, but produce a larger x-ray
generation volume and thus a larger focal spot size. In general,
source design decisions that enhance the imaging speed will
degrade the spatial resolution, and improving spatial resolution
will result in slower imaging speeds. Given these competing
requirements, a system with the flexibility to be optimized
for imaging speed or spatial resolution is desirable. In this
instrument, opportunities exist to improve the imaging speed
by orders of magnitude and push the spatial resolution to the
order of 10s of nanometers.

To achieve this goal, upgrades to existing system compo-
nents are necessary. The electron column used in the previous
demonstration was designed for SEM imaging, while the goal
of an x-ray microscope electron column should be to produce
as many electrons in as small a spot as possible. Electron
columns can reach microamperes of beam current,[16] orders
of magnitude above the previously used beam current. Electron
beam parameters can be adjusted during microscope operation,
allowing for tunable spot size and beam current based on the
imaging goals of a specific IC sample. Target fabrication can
also be adjusted to optimize for a given spatial resolution goal
and sample composition. Source upgrades and optimization
will be critical for future experiments, as it will set the x-
ray spot size and flux. However, electron beams can routinely
reach nanometer-scale spot sizes and target fabrication is
controllable at the nanometer-scale, providing ample room
for optimization. The final capabilities of a fully realized
instrument may ultimately be set by the capabilities of the
x-ray detector. As with other system parameters, the choice
of detector will impact both the achievable imaging speed
and spatial resolution. When optimizing for imaging speed,
it is advantageous to utilize a highly efficient x-ray detector to
maximize the detected count rate. When optimizing for spatial
resolution, the requirement that the majority of photons be
generated in the target layer may necessitate energy-resolved
x-ray detection. If spectral capabilities are desired, energy-
resolved x-ray detection will be essential. These considerations
will be discussed in more detail in subsequent sections.

We compare the performance of 3 detectors, all of which
have been or are currently being integrated into the instrument:
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Dectris Eiger2 240-pixel TES
Active Area (mm?) 25,157 499 23
Efficiency at 9.4 keV 0.98 0.84 0.44
Energy Resolution at N/A, 2 energy 10 25
9.4 keV (eV) thresholds
Imaging Speed 1,000 50 N/A
Improvement Factor

Fig. 3. The Dectris Eiger2, 3,000-pixel TES, and 240-pixel TES, shown to
scale from left to right. The Eiger2 is shown with a protective cover, while
the TES pixels are covered by aluminum filters. 1,500 pixels of the final
3,000-pixel TES system are shown (middle), as the spectrometer is still under
development. The Eiger2 provides significantly more active collection area
and a higher collection efficiency in the x-ray energy range of interest, but
can only distinguish photon energy based on 2 energy thresholds. The 3,000-
pixel TES will provide an upgrade over the 240-pixel system with regards to
active area, collection efficiency, and energy resolution.

a Dectris Eiger2, a 3,000-pixel TES spectrometer, and a 240-
pixel TES spectrometer. The Eiger2 is a commercial hybrid
photon-counting detector.[17] It utilizes 450 m thick Si
pixels with high detection efficiency, but has energy resolv-
ing capabilities limited to the use of 2 energy thresholds.
The 240-pixel TES spectrometer was used for the previous
imaging demonstration.[18, 19] While it demonstrated the
power of energy-resolved detection and provided enough col-
lection efficiency for imaging, it has relatively low collection
efficiency compared to other detectors used for x-ray CT.
To enable energy-resolved detection and spectral imaging in
future measurements, a 3,000-pixel TES spectrometer is under
development which will improve both the collection efficiency
and energy resolution compared to the 240-pixel system.[20,
21] A comparison of all 3 detectors is shown in Figure 3.
During data collection, we anticipate that these detectors could
be easily exchanged for one another based on a given IC
sample or imaging goal. Which detector is chosen will depend
on whether the application calls for optimal imaging speed,
spatial resolution, or spectral capabilities.

A. Imaging Speed

Imaging speed is an important consideration for any x-
ray CT instrument, as it sets the data collection time for
a given scan area. An estimate of how each x-ray detector
would affect the imaging speed was made, using the 240-
pixel TES data collection as the reference point. PENELOPE
was used to obtain the predicted count rate for each detector.
Compared to the 240-pixel TES, the Eiger2 and 3,000-pixel
TES are estimated to be about 1,000 and 50 times faster,
respectively (Fig. 3). It is also expected that an upgraded

electron column could significantly increase the achievable
beam current and thus significantly increase the imaging speed.
Additionally, methods are under development which would
reduce the number of photons required for high signal-to-noise
reconstructions.[22-24] These photon-starved reconstructions
could result in much faster data collection times in the future.

The Eiger2 is the ideal choice when optimizing the instru-
ment for imaging speed and will be the detector of choice
for larger area scans. However, its lack of energy resolution
could limit the achievable spatial resolution. The inability to
select for photons generated in the target with high precision
necessitates that the majority of photons be generated in
the target layer for the Eiger2 to be successful. If a large
portion of the detected photons are generated in a larger
spot outside of the target layer, the spatial resolution will
be degraded. This puts tight constraints on the electron beam
and target parameters when pushing the spatial resolution to
the 10s of nanometers level. The next section will discuss
these constraints and how energy resolved detection may be
necessary for data collection at the highest spatial resolutions.

B. Spatial Resolution

The spatial resolution sets the smallest IC feature size that
can be observed. Multiple instrument factors influence this,
including the system magnification, x-ray detector geometry,
and the focal spot size.[25, 26] In general, it is desirable to
have a focal spot size comparable to the smallest feature size
in the sample. As the focal spot size gets larger, additional
image blurring will occur.[27] For high magnification systems,
the source focal spot size is the dominant factor determining
the achievable spatial resolution.[28, 29] In our approach to
x-ray CT, the focal spot size is set by the electron beam size
and the target thickness. ldeally, all detected photons would
originate in the nanoscale volume generated in the target layer,
allowing for every photon to contribute to the reconstruction
without degrading image quality. In reality, many detected
photons originate outside the target layer. Electrons from the

Fig. 4. A TES spectrum demonstrating the broadband collection and energy
resolution of the 240-pixel TES spectrometer. The inset shows a schematic of
X-ray generation in the target and other layers of the sample. A nanofocused
spot is generated in the target layer, while photons generated in other layers
originate in a larger, more disperse spot size. Pt and Cu fluorescence lines in
the spectrum are shown in blue and orange, respectively. Background from
other sample layers and materials in the SEM chamber are shown in grey. A
modified version of the inset was shown in Ref. [6].
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TABLE |
THE PERCENT BEAM SPREAD, X-RAY SPOT SIZE, AND PERCENT OF
PHOTONS GENERATED IN THE TARGET LAYER FOR 3 DIFFERENT TARGETS
OF VARYING THICKNESS AND MATERIAL. THE INCIDENT ELECTRON BEAM
IS ASSUMED TO BE A 50 NM FWHM GAUSSIAN BEAM.

50 nm Pt 100 nm Pt 100 nm Ti
Target Target Target
Percent Beam 10.8 30.0 5.6
Spread
X-ray Spot 55 65 53
Size (nm)
Percent from 42 65 11
Target

incident beam will spread to a more disperse spot size after the
target layer, generating additional photons from a larger spot
in other layers of the sample (Fig. 4, inset). When the target
is thick, most photons will be generated in the target, with
the caveat that the generation volume inside the target will be
larger. As the target gets thinner, the x-ray generation volume
in the target will decrease, improving the achievable spatial
resolution. However, more photons will also be generated in
non-target layers from a larger spot size. These non-target
photons will degrade the spatial resolution if included in
the reconstruction. As target materials are pushed thinner to
accommodate lower spatial resolution goals, a point may be
reached where energy-resolved detection becomes necessary
due to a large proportion of detected x-rays being generated
outside of the target layer.

The electron beam conditions, target thickness, and target
material should be selected based on the expected spot size
and what proportion of x-rays are expected to originate in the
target layer. An example TES spectrum from the 240-pixel
spectrometer is shown in Figure 4 to demonstrate how energy-
resolving x-ray detection can select for spectral regions which
originate in specific layers of the sample. If the spot size is
comparable to the smallest IC feature sizes and the majority
of photons still originate in the target layer, it is acceptable to
use a detector like the Eiger2 which does not provide precise
energy resolution. If, however, the IC feature sizes necessitate
a smaller spot size and thinner target such that the majority of
detected x-rays are generated outside of the target layer, it will
become necessary to use energy-resolving detectors like TES
spectrometers to select energy bins predominantly composed
of target photons. TES spectrometers could thus be used for the
highest possible spatial resolution scans, under the constraint
that scan areas will be limited due to the decrease in collection
efficiency relative to a detector like the Eiger2. It has not
been determined exactly where the transition point between
detectors will occur when optimizing for spatial resolution;
that will be the topic of future studies.

To explore this concept, PENELOPE simulations were per-
formed for Pt and Ti targets ranging in thickness from 50 nm
to 100 nm to determine the x-ray spot size and the percent
of photons generated in the target layer. As an example, we
explore the use-case of a 50 nm FWHM electron beam incident

Fig. 5. The percent of photons generated in a Pt (A) and Ti (B) target versus
energy bin for various target thicknesses. Energy bins are 100 eV wide, but
could be much smaller when using a TES spectrometer. In both plots, the
bins that contain the fluorescence lines from the target material have a higher
proportion of generated photons originating in the target material. Thicker and
higher atomic number targets lead to more photons generated in the target.

on a 100 nm Pt target, a 50 nm Pt target, and a 100 nm Ti
target (Table 1). In the 100 nm Pt target, the x-ray spot size
is estimated to be approximately 65 nm. With a 50 nm Pt
target the x-ray spot size is only 55 nm, allowing smaller
IC features to be resolved. However, 65% of all photons are
generated in the target for the 100 nm thick Pt, while only
42% originate in the target for the 50 nm thick Pt. Thus, if
all photons are used for the 50 nm target rather than using
an energy resolving detector to select for the Pt fluorescence
lines, many photons outside of the 55 nm x-ray spot will be
included in the reconstruction and introduce additional feature
blurring. In a lower atomic number material like Ti, the target
stops fewer electrons and thus the x-ray spot size remains
smaller. For the 100 nm Ti target, the estimated x-ray spot size
is 53 nm. However, the lower stopping power also reduces the
amount of photons generated in the target, as only 11% of
photons were generated in the target layer.

Energy-resolved detection can select for the characteristic
lines of the target material, ensuring that the spot size used is
limited to the generation volume in the target. However, se-
lecting for only fluorescence lines will reduce the total counts
used in the reconstruction, negatively impacting the signal-
to-noise. It can be advantageous to include non-fluorescence
photons to increase the total photon count, provided that the
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majority of the photons were generated in the target layer. In
this case, it is desirable to know which energy bins have the
highest proportion of x-rays generated in the target and how
wide those bins can be before non-target photons dominate
the reconstruction. Figure 5A-B shows the percent of x-rays
generated in Pt and Ti targets for 100 eV wide energy bins
ranging from 3 to 16 keV. As expected, the bins containing
the fluorescence lines have the highest percentage of target
x-rays. In the Pt target, it is also apparent that higher energy
bins are more advantageous to include than lower energy bins
in the absence of a fluorescence line, as the higher energy
bins have more photons from the target layer. This is not the
case for Ti, where very few photons originate in the target
outside of the characteristic line. With a Ti or other lower
atomic number target, it would be more detrimental to the
spatial resolution to include non-fluorescence photons in the
reconstruction, as the majority of non-fluorescence photons
originate outside of the target regardless of which energy bins
are used. Therefore, lower resolving power may be acceptable
when using higher atomic number targets like Pt, since many
photons will originate in the target layer even outside of the
fluorescence line. In lower atomic number targets, it will be
necessary to select for fluorescence lines. When selecting
for the characteristic lines, detectors with higher resolving
power will discriminate between the fluorescence line and
background with higher signal-to-noise, thus including less
non-target photons and improving the spatial resolution. In
general, energy-resolving detectors like TES spectrometers can
be used to select for energy bins which are predominantly
composed of photons generated in the nanoscale volume in
the target, helping to maximize the total usable count rate
while maintaining the desired spatial resolution.

C. Spectral Imaging

Spectral x-ray CT adds elements of x-ray spectroscopy to
x-ray CT, using energy and material-dependent information
to determine elemental composition or chemical speciation in
each voxel. In simpler cases, such as enhancing the contrast
between materials of different composition, this requires the
ability to collect data with multiple distinct energy bins.[9,
10] In more advanced spectral imaging cases which utilize
the absorption edges or fluorescence emission of a sample, a
detector with higher resolving power is required.[12] In our
instrument, the TES spectrometer would be required for any
spectral imaging applications. A TES spectrometer is an ideal
tool for such a task, as it can efficiently collect a broadband
spectrum with high energy resolution. This allows for obser-
vation of many spectral features simultaneously and enables
many distinct energy bins to be input to the reconstruction. A
larger number of energy bins can enhance contrast between
different elements and identify more distinct materials com-
posing the IC sample.[30] The use of spectral features such
as absorption edges or emission lines for spectral tomography
has largely been limited to synchrotron facilities, and is not
readily available in any laboratory CT instrument.[31, 32]
However, TES spectrometers have long been utilized for x-

ray spectroscopy,[8, 33, 34] and have a history of success-
fully bringing synchrotron spectroscopic techniques to the
laboratory scale.[35, 36] Additionally, the TES spectrometer
could be utilized with novel, multi-material target designs to
select for fluorescence lines only from specific target materials
during reconstruction, selectively enhancing the contrast of
certain IC components based on their energy-dependent x-ray
attenuation. Our proof-of-concept showed first steps toward
elemental selectivity with the 240-pixel TES spectrometer and
a single-material Pt target, and we expect these capabilities
to become more advanced with the 3,000-pixel spectrometer
integration and advances in reconstruction codes.

V. CONCLUSION

An approach to x-ray CT of ICs is introduced using a
focused electron beam and thin film metal target source, high
geometric magnification, and multiple types of x-ray detec-
tors. A prior proof-of-concept measurement resolved 160 nm
features in an IC and presented first steps towards elemental
sensitivity. In future iterations, optimization of the electron
column, target design, and x-ray detection method will enable
vastly improved imaging speed, spatial resolution, and spec-
tral imaging capabilities. We envision an x-ray tomography
instrument able to scan large IC areas with approximately 100s
of nanometer spatial resolution using an x-ray detector with
high collection efficiency, but poor energy resolving capabil-
ities. This large area scan can be used to identify specific
regions-of-interest, which would be investigated at 10s of
nanometer spatial resolution with spectral imaging capabilities
using energy-resolved x-ray detectors. The end goal is an
X-ray nanotomography instrument capable of advanced IC
characterization, providing information on nanoscale feature
size, shape, and composition across planar chip areas.
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