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Featured Application

Low-voltage SEM with stage-bias modulation enables accurate characterization of pore
structures in nonconductive polymer battery separators, providing a reliable tool for
separator quality evaluation and failure analysis in lithium-ion batteries.

Abstract

Scanning electron microscopy (SEM) is a popular surface characterization technique. How-
ever, SEM observation and measurement of nonconducting soft materials still suffer from
the charge effect and beam damage caused by high landing energy. In this work, a low-
voltage SEM (LVSEM) was employed to directly observe and record the in situ beam
damage of nonconducting polymer films. A series of unprecedented high-quality surface
structure images of the nonconducting materials was obtained by controlling the landing
energy of the incident electron beam.

Keywords: low-voltage SEM; in situ electron microscopy; battery separators; electron
beam-induced damage; porosity measurement; polymer materials

1. Introduction

Electron microscopy has been widely used in the fields of material science [1-4], life
science [5-9], semiconductors [10-13], and so on. Recently, electron microscopy applica-
tions were further expanded by advancements in aberration correction [14], cryo-electron
microscopy [6-9], focused ion beam (FIB) [15,16], low-dose electron microscopy [1,2],
high-sensitivity camera technology, and various in situ methods [17,18]. In particular, trans-
mission electron microscopy (TEM) and scanning transmission electron microscopy (STEM)
have been improved and seen increasing application scenarios due to their higher spatial
resolution (<1 A) [1,2] as compared with scanning electron microscopy (SEM, actual resolu-
tion ~2 nm) [19]. However, SEM has advantages compared to TEM or STEM; lower time
cost, and it can be used to directly analyze a bulk sample without any preparation process.

SEM is a surface characterization technique that uses a focused electron beam to scan
and radiate solid or quasi-solid materials and detect generated secondary electrons (SEs),
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backscattered electrons (BSEs), and characteristic X-rays, which provide surface topog-
raphy, atomic number contrast, and elemental information, respectively [20]. Benefiting
from high surface sensitivity and low time cost, SEM serves a variety of fields, including
material science [21], semiconductors [22], and life science [23]. Different from the weak
surface sensitivity of TEM and STEM, SEM can reveal detailed information on more mi-
croscopic surface structures [24]. When compared to scanning probe microscopy (SPM),
SEM possesses the distinct advantage of low time cost [25]. However, SEM imaging of
nonconducting soft materials still suffers from charging effects and beam damage caused
by high-landing-energy incident electrons. In conventional wisdom, the high electron
beam energy results in high resolution due to the short wavelength [26]. Meanwhile,
the practical spatial resolution of SEM might be limited by the inclusion of delocalized
secondary electron (SE2 and SE3) components [27]. In addition, SEM imaging inevitably
faces challenges of the charging effect and beam damage with the high-voltage method.
Low voltage coupled with an in-lens detector can control the signals dominated by the in
situ component (SE1) which are emitted from a small escape depth under the specimen
surface after direct excitation by the incident electron beam, as well as ease the charging on
nonconducting materials and release the beam damage of soft materials.

Nonconducting materials such as porous polymer films or mesoporous silica are
widely used in energy and catalysis fields, for battery separators, confined reactions, and
catalysts. Surface structure plays an important role in understanding the wettability and
adsorption capacity of these materials. For battery separators, the essential function is
electrical insulation, but porous structures enable ionic transport, whereas most separators
are made of polyethylene (PE), polypropylene (PP), and their combinations [28]. These
two factors present a challenge for SEM imaging. Beam sensitivity, the charging effect, and
damage to the metal coating process can lead to various images (Figure 1) that provoke
a misunderstanding of the relationship between structure and performance. To obtain
effective SEM results, various factors should be considered. Here, the general requirements
for SEM characterization should be summarized: (i) samples must be stable during the
imaging process; (ii) the charging effect should be released with a certain strategy; (iii) the
interactions between the incident electron beam and samples or the practical resolution
should be considered for SEM imaging of sub 5 nm details on the surface.

o
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Figure 1. (a) LVSEM image of a commercial wet-process PE separator with ~2 nm Pt coating,
(b) LVSEM image of a commercial dry-process PP separator (The yellow arrow indicates the area
affected by the electron beam).

Unlike conventional SEM, which relies on high landing energies that induce irre-
versible thermal and structural damage in polyolefin separators, or low-dose cryo-SEM,
which requires complex cryogenic sample preparation and specialized hardware, the ap-
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proach presented here achieves damage-free imaging through a synergistic combination
of ultra-low landing energy (100 eV) and a negative stage bias (—500 V). The stage bias
decelerates the primary beam at the specimen surface, preserving the column’s optical
performance while confining the excitation volume to the topmost polymer layer. Simulta-
neously, the retarding field suppresses delocalized SE2/SE3 contributions and mitigates
surface charging without conductive coating. This configuration enables quantitative
porosity measurement that aligns with bulk techniques (MIP and electrolyte uptake) while
retaining the surface fidelity of AFM, offering a methodological advance for routine, high-
throughput separator characterization without the time cost or environmental constraints
of alternative approaches.

2. Materials and Methods
2.1. Materials

Two types of commercially available polymer separators, representative of the most
widely used technologies in the lithium-ion battery industry, were investigated in this study.
The dry-process separator was Celgard™ 2400 (Celgard, Charlotte, NC, USA), a monolayer
polypropylene (PP) membrane. This material features a characteristic highly anisotropic,
microporous structure generated through a sequence of extrusion, annealing, and uniaxial
stretching. The wet-process separator was Hipore™ (Asahi Kasei Corp., Tokyo, Japan),
a polyethylene (PE) membrane exhibiting a more isotropic, sponge-like porous network
formed via thermally induced phase separation (TIPS).

These samples were selected specifically due to their high susceptibility to electron
beam-induced thermal degradation and their distinct morphological differences. To ensure
the characterization of the “native” surface state, the separators were used strictly in
their as-received condition. No conductive coatings (such as gold or carbon) or chemical
pre-treatments were applied, as these conventional preparation techniques can obscure
nanometer-scale pore features or introduce structural artifacts through solvent-polymer
interactions. The membranes were carefully mounted on aluminum stubs using conductive
carbon adhesive tape, ensuring flat orientation to minimize topographical shading.

2.2. Low-Voltage SEM Characterization and In Situ Observation

All microscopic observations were performed using a Thermo Fisher Apreo 2S high-
resolution field-emission scanning electron microscope (FE-SEM) (Waltham, MA, USA). To
decouple the effects of beam energy and signal collection, the instrument was operated in
retarding field mode (Stage Bias). The primary beam acceleration voltage and the negative
stage bias were systematically adjusted to achieve various landing energies (Er) ranging
from 100 eV to 500 eV.

Imaging was conducted at a fixed working distance (WD) of 3.0-4.0 mm with a con-
stant beam current of approximately 6.3-13 pA to minimize the total dose of injected
electrons. Signal acquisition was primarily handled by the Trinity detection system, specif-
ically utilizing the T1 (In-lens BSE) and T2 (In-lens SE) detectors to maximize surface
sensitivity and spatial resolution. For in situ damage evolution studies, the beam was
scanned continuously over a fixed region (5 x 5 um?) at 500 eV, with frames captured at
specific time intervals (0-5.0 s) to monitor the dynamic fusion of fibrils.

2.3. Image Processing and Quantitative Porosity Analysis

To ensure reproducibility and minimize operator bias, a standardized image analysis
workflow was implemented using Fiji (Image]J 1.54g) software. First, raw micrographs were
calibrated by defining the spatial scale based on the image scale bar. Noise reduction was
applied using a median filter (radius = 2 pixels) followed by a Gaussian blur (o = 1 pixel)
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to suppress high-frequency artifacts without obscuring fibril edges. Pore segmentation was
achieved via Otsu’s thresholding method, which automatically determines the optimal
intensity cutoff to separate the dark pore regions from the bright polymer fibrils. The
resulting binary mask was verified to ensure no pore bridging occurred. Surface porosity
was then calculated as the area fraction of void spaces relative to the total analyzed area.
To guarantee statistical reliability, porosity values were averaged from at least five distinct,
non-overlapping regions of interest (ROIs) randomly selected from the sample surface for
each experimental condition.

3. Results
3.1. Electron Signal Characteristics and Detection Configuration

The precision of separator morphology characterization is fundamentally governed by
the origin and collection efficiency of secondary electrons (SEs). As schematically illustrated
in Figure 2a, when the primary electron (PE) beam interacts with the polymer matrix,
three distinct categories of SEs are generated based on their excitation mechanisms. SE1
signals, emitted directly from the point of incidence, provide the highest spatial resolution.
Due to their low kinetic energy (typically <50 eV), their escape depth is confined to a
remarkably shallow near-surface region, typically within 1-2 nm [29]. This makes SE1
uniquely sensitive to the nanometer-scale fibrils and the sharp boundaries of the pores in
polyolefin separators.

(a) (b) Primary electrons

Primary electrons

SE3 & In-Colunm SE detector

IIEM Joquieyd

%
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— — S sl Specimen
E-T detector

Figure 2. (a) Sketch of the generated electron signals; (b) schematic of the detector system of a
modern SEM.

In contrast, SE2 components are produced by backscattered electrons (BSEs) as they
exit the specimen surface at some distance from the impact point. These signals carry
delocalized topographic information and are influenced by the density and atomic number
of the underlying material, often resulting in a “blurring” effect that obscures the true
edges of the nanofibrils. SE3 signals further complicate the imaging process; they arise
from BSEs striking the chamber walls or the objective lens pole piece, contributing solely to
a non-informative background fog that reduces the overall image contrast.

To isolate the desirable SE1 signals, a specialized detector configuration is employed
(Figure 2b). Conventional Everhart-Thornley (E-T) detectors, positioned at the side of the
chamber, primarily collect SE2 and SE3 signals because they lack the geometric advantage
to capture the axially emitted SE1. In contrast, the In-lens SE detector utilized in this
study is positioned within the objective lens bore. It leverages the lens’s magnetic field to
“snorkel” the low-energy SE1 electrons directly upward, significantly enhancing surface
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sensitivity [30]. By filtering out the delocalized SE2/SE3 contributions, this configuration
allows for the clear visualization of the structure inherent to dry-process separators.

3.2. In Situ Beam Damage Evolution of PP Separator

To establish a baseline for beam-induced artifacts, we performed an in situ time-
resolved study on a Celgard-2400 PP separator at a moderate landing energy of 500 eV.
Figure 3 captures the rapid structural metamorphosis of the polymer under continuous
irradiation. At t = 0's, the separator exhibits its native morphology, characterized by highly
aligned, slender fibrils. However, as early as ~0.5 s, subtle softening and “thickening” of
the fibrils become apparent. By 2.0 s, the slender fibrils begin to fuse at their junctions, a
phenomenon driven by localized thermal accumulation.

27.57
26.020  y6s
2322 55 roos
. 19.8  19.28

Time (s)

Figure 3. In situ beam damage process of a PP battery separator (500 eV). (Left) Images at different
times. (Right) Porosity (processed using Image]).

Quantitative image analysis reveals a dramatic and monotonic decline in measured
porosity during this brief exposure. The initial porosity of 27.54% (at t = 0 s) plummets to
19.28% by t = 5.0 s. This reduction is accompanied by a distinct morphological transition:
the originally high-aspect-ratio, slender pores gradually evolve into more thermodynami-
cally stable elliptical or circular shapes.

This evolution is a classic manifestation of the “Heat Trap” effect. Polypropylene’s
low thermal conductivity (k ~ 0.12 — 0.22 W/m - K) prevents the efficient dissipation of
the beam’s energy. As the local temperature exceeds the polymer’s Ty and approaches its
T}, the surface tension of the semi-molten polymer drives the contraction of the fibrils to
minimize surface area. This results in the “necking” and eventual closure of the porous
network, proving that conventional imaging durations at 500 eV inevitably lead to an
underestimation of the separator’s transport properties.

3.3. Effect of Landing Energy and Stage Bias on Imaging

The interplay between landing energy (E; ), surface charging, and image fidelity is
explored in Figure 4. At a standard low-voltage setting of 500 eV (Figure 4a), the image
exhibits a degree of “melted” appearance. The fibrils appear fused, and the pores are
predominantly elliptical, yielding a calculated porosity of 21.98%. This value is consis-
tent with several previous reports [31,32] that likely overlooked the immediate onset of
beam damage.

Reducing the landing energy to 200 eV (Figure 4b) succeeds in preserving a more
slender fibril morphology, suggesting that the energy deposition rate is closer to the
material’s damage threshold. However, a new challenge arises: surface charging. Without
sufficient energy to penetrate or escape, electrons accumulate on the non-conductive PP
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surface, creating an electrostatic “fog” that reduces the three-dimensional (3D) stereoscopic

contrast and blurs the edges [24].

32.63

- i 28.96
(e) Primary ® Primary ;
electrons electrons 22.05

200 eV 200 Bias 100 Bias

Specimen Specimen with bias

Figure 4. (a) SEM images of Celgard-2400 at 500 eV, (b) 200 eV, (c) 200 eV with —500 V stage
bias, (d) 100 eV with —500 V stage bias, (e) schematic illustration of electron-specimen interaction
during low-energy SEM imaging without stage bias, (f) schematic illustration of electron-specimen
interaction during low-energy SEM imaging with stage bias applied. (g) The measurement of porosity
under different acceleration voltages was carried out, and the results were statistically analyzed
using Image].

The introduction of a —500 V negative stage bias at 200 eV (Figure 4c) marks a turning
point. The bias establishes a retarding field that decelerates the primary beam while
simultaneously accelerating the emitted SEs toward the In-lens detector. This “boost”
significantly improves the signal-to-noise ratio (SNR) and sharpens the edges of the fibrils.
Under these stabilized conditions, the measured porosity increases to ~28.95%, indicating
that many previously “closed” pores are now visible.

The optimal imaging condition is achieved at 100 eV with a —500 V stage bias
(Figure 4d). Here, the interaction volume is confined to the extreme surface layer, and
the beam energy is far below the threshold for thermal fusion. The resulting image dis-
plays exceptional stereoscopic contrast, with well-defined, individual fibrils and a highly
interconnected porous network. The porosity reaches a peak of ~32.63% [24,33]. Figure 4e,f
illustrates the mechanism: without bias, low-energy electrons are trapped by surface poten-
tial barriers; with bias, the “immersion lens” effect ensures that even the lowest-energy SE1
signals are collected, providing a true representation of the separator’s topography.

3.4. Comparison with Other Characterization Methods

To validate the accuracy of our optimized LV-SEM method, the results were bench-
marked against established independent techniques. As summarized in Figure 5, the
porosity of ~32.63% obtained at 100 eV + Bias shows remarkable agreement with Mer-
cury Intrusion Porosimetry (MIP) (~34%) and electrolyte uptake tests (~32%) [34]. While
MIP provides a bulk average, our SEM method allows for the visualization of surface-
specific pore distributions, which are critical for understanding lithium-ion flux at the
electrode-separator interface.

Comparison with Atomic Force Microscopy (AFM) (Figure 5a-b) further confirms
the morphological integrity. The fibril diameters and pore widths observed in AFM—a
technique inherently free from electron beam damage—closely match our 100 eV SEM
images. However, the SEM method offers a significantly larger field of view (FOV) and
faster acquisition times, making it more suitable for statistical porosity analysis across large
separator areas.
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Figure 5. AFM images of Celgard 2400 at magnifications of (a) 50 k and (b) 100 k; LVSEM images of
a wet-process PE separator at 200 V with magnifications of (c) 25 k and (d) 50 k; and contact angle
test results with commercial electrolyte for (e) Celgard 2400 (~53.85°), (f) Celgard 2500 (~47.65°), and
(g) wet-process PE separator (48.10°). (h) The porosity was measured using different methods.

To demonstrate the versatility of this approach, we extended the characterization
to other commercial separators. For the Celgard-2500 (a more porous dry-process PP)
and a wet-process PE separator, the optimized method yielded porosities of ~32.98% and
~31.60%, respectively (Figure 5c—d). These structural findings are strongly correlated
with the Contact Angle (0) measurements using commercial electrolytes (Figure 5e—g).
The Celgard-2500 showed the lowest contact angle (~47.65°), consistent with its higher
observed porosity and better wettability, while the wet-process PE exhibited a distinct
“sponge-like” isotropic morphology compared to the uniaxial “shish-kebab” structure of the
dry-process PP. By delivering porosity values consistent with MIP and electrolyte uptake
tests while preserving the damage-free imaging fidelity of AFM, this method overcomes
the low throughput of SPM and the lack of direct visualization in MIP, establishing a true
“gold standard” for efficient and reliable separator analysis.

4. Discussion
4.1. Mechanism of Beam-Induced Damage

The characterization of polyolefin separators (PP/PE) in SEM involves a delicate
balance between signal acquisition and specimen preservation. As illustrated in Figure 2a,
the fundamental challenge lies in electron—polymer interactions. Secondary electrons (SE1),
originating from the top 1-2 nm of the surface, are the only carriers of true nanometer-
scale topographic information [29]. However, to generate these signals, the primary beam
must penetrate the sample, leading to SE2 and SE3 production. SE2 signals, generated by
backscattered electrons (BSEs) emerging from deeper regions, carry delocalized information
that effectively “blurs” the sharp boundaries of the fibrils [35].

The structural collapse observed in our experiments is a “Thermo-Mechanical Cou-
pling” process. Polymers like PP and PE have notoriously low thermal conductivity
(k = 0.12 — 0.22 W/m - K). When high-energy electrons strike the porous network, the
heat cannot dissipate through the narrow, suspended fibrils (the “heat trap” effect). The
local temperature rise (AT) can be described by the modified thermal diffusion model for

porous media:
P

w-k-d

where P is the beam power and 4 is the fibril diameter. Since d is in the nanometer range,

AT ~

even a pico-ampere current can drive the local temperature above the glass transition
temperature (Tg) or even the melting point (T, ~ 160 °C). Once T > T, the polymer chains
regain long-range mobility. The internal residual stresses, typically introduced during the
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uniaxial or biaxial stretching process of separator manufacturing, are suddenly released.
This leads to the “necking” and “fusion” of fibrils, where the surface energy is minimized
by shrinking the pores into elliptical or circular shapes [33]. Furthermore, radiolysis (chain
scission) occurs as high-energy electrons break C—C bonds, reducing the molecular weight
and further lowering the melting threshold of the material.

4.2. Influence of Electron Landing Energy

The extent of beam-induced damage is intrinsically linked to the interaction volume,
which is a function of the electron landing energy (E;) [26]. According to the Kanaya—
Okayama range (R;) formula, the penetration depth of electrons in a polymer is propor-
tional to E}-¢7:

00276 A E}
P p - 7089

At 500 eV, the interaction volume extends tens of nanometers deep, encompassing
multiple layers of the separator’s porous structure. This depth-integrated energy deposition
causes subsurface melting, which manifests as a “sinking” of the surface pores. By reducing
Ep to 100 eV, we effectively confine the excitation volume to the “skin layer” of the separator.

However, low-energy imaging introduces the “low-voltage contrast paradox”: as
energy decreases, the chromatic aberration of the objective lens increases, potentially
degrading resolution [33]. Our results demonstrate that 100 eV is a “sweet spot” for
polyolefins—high enough to generate sufficient SE1 for contrast, yet low enough to remain
below the threshold for catastrophic thermal degradation. This energy level ensures that
the measured pore dimensions represent the pristine state rather than a beam-modified
artifact [24].

4.3. Role of Stage Bias in Charge Mitigation

The application of a negative stage bias (V},) is not merely a method for charge sup-
pression; it fundamentally alters the electron optics of the SEM. When a negative bias (e.g.,
—500 V) is applied to the sample, it creates a retarding field that decelerates the primary
beam just before impact. This allows the primary electrons to travel through the column at
higher energies (reducing chromatic aberration) while maintaining a low landing energy
(EL = Epeam — €Vp)-

More importantly, the stage bias creates an “Immersion Lens” effect [32]. The strong
electrostatic field between the sample and the pole piece collimates the emitted secondary
electrons, forcing them into the optical axis where they can be captured by the In-lens
detector with nearly 100% efficiency. This mechanism selectively suppresses SE3 signals—
which originate from BSE striking the chamber walls—thereby drastically increasing the
signal-to-noise ratio (SNR).

For non-conductive separators, the bias also establishes a dynamic “Charge Balance”.
In conventional SEM, surface charging creates an electrostatic “mirror” that deflects the
beam. The negative stage bias “pushes” the accumulated surface electrons, promoting a
stable secondary electron yield (8) where 6 + 1 ~ 1 (where 1 is the BSE yield). This equilib-
rium prevents the “blooming” effect at pore edges, allowing for the precise thresholding
required for quantitative porosity analysis [24].

4.4. Accuracy of Porosity Measurement and Methodological Implications

The quantitative results of this study have significant implications for battery failure
analysis and performance modeling. Traditional SEM characterization often involves metal
coating (e.g., Au or Pt), which can clog pores smaller than 20 nm, or high-voltage imaging,
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which shrinks pores due to damage. Our data shows that these conventional methods can
underestimate surface porosity by as much as 10-15%.

The high degree of correlation between our optimized LV-SEM method and Mercury
Intrusion Porosimetry (MIP) or electrolyte uptake tests [36] confirms that the surface
morphology captured at 100 eV + Bias is a faithful representation of the bulk properties.
Unlike Atomic Force Microscopy (AFM), which provides excellent vertical resolution but
a limited field of view, our method allows for multi-scale characterization—capturing
thousands of pores in a single micro-graph for statistically significant analysis.

For the battery industry, the ability to observe the “true” pore structure is critical
for calculating Tortuosity (1), a key parameter in the MacMullin number (Ny; = 72/€).
Inaccurate porosity (€) measurements lead to errors in predicting ionic conductivity and Li-
ion flux uniformity. Thus, the damage-free, non-coating approach proposed here provides
a more reliable foundation for modeling fast-charging behaviors and dendrite growth
resistance in next-generation high-energy-density batteries.

4.5. The Extended Application of This Method in Different Separator Systems

To evaluate broader applicability beyond PP/PE systems, the optimized protocol
was extended to ceramic-coated, glass fiber, and cellulose acetate separators, as well
as post-cycling samples (Figure 6). For non-polyolefin and hybrid materials, the 100
eV landing energy combined with stage bias effectively suppresses charging artifacts,
allowing clear resolution of surface topography and coating—substrate interfaces without
the delocalization typical of high-voltage imaging.

Figure 6. Using the LVSEM + Stage Bias technique, observations were made on different materials.
Ceramic diaphragm: (a) front view and (b) cross-section; glass fiber membrane: (c) cellulose acetate
membrane, (d) Celgard-2400 after cycling, (e) Celgard-2400 after cycling, (f) wet-PE after cycling.
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Regarding aged separators, the technique enables a clear distinction between rapid
beam-induced artifacts and genuine cycling-induced degradation, such as fibril fracture
and pore clogging. This capability is particularly valuable for post-mortem failure analysis,
helping to isolate electrochemical wear from mechanical or thermal damage. To avoid
complicating the issue and to eliminate the influence of other factors, we only compared
the battery separators before and after the cycle. Our research subject was merely the issue
of the electrolyte infiltration.

The method is best positioned as a comparative screening and quality control tool
rather than for in situ analysis within sealed cells, due to vacuum and mounting constraints.
It excels at manufacturing batch verification, pre-assembly material screening, and post-
mortem examination. The consistent, damage-free imaging across diverse material classes
confirms this approach as a robust, standardized framework for separator characterization.

5. Conclusions

In this study, we identified and quantified a critical limitation of conventional SEM
in characterizing battery separators: the beam-induced “Heat Trap” effect, where electron
irradiation triggers rapid thermal fusion of polymer fibrils, significantly underestimating
true porosity. By systematically analyzing damage evolution, we established that this
structural collapse is a thermo-mechanical process driven by localized energy deposition
and the sudden release of residual manufacturing stresses.

To address this, we developed a damage-free characterization protocol combining
ultra-low landing energy (100 eV) with a negative stage bias (—500 V). This approach
effectively confines the excitation volume to the surface layer and eliminates charging
artifacts without the need for conductive coating or cryogenic preparation. Crucially, the
porosity values obtained under these optimized conditions show excellent agreement with
independent bulk techniques, such as Mercury Intrusion Porosimetry (MIP) and electrolyte
uptake tests, validating the method’s quantitative reliability.

Beyond methodological optimization, we demonstrated the versatility of this tech-
nique across diverse systems, including ceramic-coated, glass fiber, and post-cycling mem-
branes. The ability to distinguish genuine electrochemical degradation features—such as
pore clogging and SEI residue—from transient electron beam artifacts provides a robust
tool for post mortem failure analysis. Collectively, this work establishes a standardized,
non-destructive imaging framework that bridges the gap between qualitative morphology
observation and quantitative performance modeling, offering significant advances for the
evaluation and development of next-generation battery separators. Furthermore, the in situ
damage evolution data recorded in this study provide essential experimental benchmarks
for future reverse-imaging algorithms aimed at computationally reconstructing pristine
morphology from beam-damaged states.
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Abbreviations

The following abbreviations are used in this manuscript:

SEM Scanning Electron Microscopy
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