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The increasing demand for large-format lithium-ion batteries in electric vehicles has accelerated the development of cell formats
that offer higher energy density and improved pack-level efficiency. Among these, the 4680 cylindrical cell format, pioneered by
Tesla, has gained widespread adoption due to its potential to simplify battery pack architecture while enhancing gravimetric energy
density. Other cell manufacturers, including SamSung, Panasonic, BYD, and others, have adopted the 46XX format, incorporating
various chemistries. This study presents a comprehensive analysis of BYD’s 4680 lFP/graphite cylindrical lithium-ion cells.
Detailed physical teardown, X-ray imaging, electrochemical testing, and electron imaging were performed to evaluate both cell- and
materials-level attributes. The teardown and X-ray imaging reveal an uncommon multi-tab configuration and homogeneously
double-sided electrode coatings, with no silicon additives in the graphite anode. Electrochemical testing indicates energy densities
of 374.6 Wh l−1 and 150.5 Wh kg−1. Furthermore, hybrid pulse power characterization and electrochemical impedance spectro-
scopy show impressive rate capability, with low cell-level DC area-specific resistance (6–17 Ω·cm2 across various SOCs) and an
area-specific charge transfer resistance of approximately 5.9 Ω·cm2. These findings highlight a new direction for the 4680-cell
format in both design and performance, establishing a strong foundation for future developments in large-format cylindrical battery
technology.
© 2025 The Author(s). Published on behalf of The Electrochemical Society by IOP Publishing Limited. This is an open access
article distributed under the terms of the Creative Commons Attribution 4.0 License (CC BY, https://creativecommons.org/licenses/
by/4.0/), which permits unrestricted reuse of the work in any medium, provided the original work is properly cited. [DOI: 10.1149/
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Lithium-ion batteries (LIBs) have been at the forefront of
consumer electronics applications over the past few decades and
have since permeated the transportation sector through their use in
electric vehicles (EVs), representing about 4% of the total passenger
car fleet globally by the end of 2024—a figure expected to quadruple
by 2030.1 This growth will drive a surge in global battery demand,
which surpassed 1 TWh in 2024. As EV adoption accelerates, battery
and vehicle market prices will critically shape the landscape. For
automotive applications, LIB development prioritizes cost, energy
density, and power capability, while balancing safety and longevity.
This has prompted exploration of diverse chemistries, cell formats,
and integration strategies. EV batteries span from 18650 cylindrical
cells (∼3 Ah) to large-format pouch and prismatic cells exceeding
100 Ah, each with trade-offs in cycle life, thermal performance,
energy density, and safety.2,3

Introduced by Tesla in 2020 for the Model Y platform, the 4680
cylindrical cell format (46 mm diameter, 80 mm length) is approxi-
mately five times larger in volume and capacity than the previously
used 21700 cells. In conjunction with a tabless electrode design,
these cells aim to enable higher energy densities without compro-
mising manufacturing efficiency or production costs. Another
dominant battery manufacturer, BYD, similarly employs an innova-
tive cell format for its EV platforms—its proprietary Blade battery, a
prismatic cell format utilizing lithium iron phosphate (LFP) chem-
istry that emphasizes safety, longevity, and cost-efficiency.
However, BYD has also adopted and manufactured LFP/graphite
batteries in the 4680 format for both its EV platforms and energy

storage systems (ESS), with other battery OEMs also trending
toward larger cell formats.
Despite growing commercial interest in large-format cells,

manufacturers typically release only limited technical details. Cell
chemistry and designs vary across suppliers and are shaped by
proprietary manufacturing processes and customer specifications.4

This contrasts with the small-scale cell formats generally used in
academic research on LIBs, which can significantly influence cell
characteristics compared to their commercial counterparts. The shift
toward larger cell formats, combined with the limited availability of
public data, underscores the need for detailed studies on commercial-
scale cells. Prior publications that characterize state-of-the-art
batteries have proven valuable for battery modeling and further
research. For example, Baazouzi et al.5 examined cylindrical LIBs
from four manufacturers across four formats (18650, 20700, 21700,
and 4680), focusing on design elements such as tab architecture and
manufacturing quality. Subsequent work focusing on the Tesla 4680
cell from the Model Y was published by Ank et al.,6 who conducted
a methodical teardown and characterization to assess the cell at both
the component and materials levels, revealing the application of
lithium nickel manganese cobalt (NMC) oxide chemistry. More
recently, Gorsch et al.7 expanded upon the findings of Baazouzi et
al.5 and Ank et al.,6 providing additional data on the design details of
the Tesla 4680 cylindrical cell and directly comparing the following
aspects with another state-of-the-art automotive battery cell, the
BYD Blade:

1. Mechanical design
2. Material distribution
3. Material costs
4. Electrode material composition
5. Cell heating behaviorzE-mail: peter@glimp.se; shirleymeng@uchicago.edu
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To the best of our knowledge, this is the second 4680-format cell
type studied, following the Tesla 4680 reported by Ank et al. While
LFP cylindrical LIBs are common in micromobility applications (i.e.
Electric bikes, Electric scooters, etc) and consumer power tools, they
remain rare in EV and EES applications, where prismatic formats are
typically favored for having higher energy per cell and ease of pack
assembly. As such, this study presents the first examination of an EV
applications-ready cylindrical LFP cell. In contrast to the Tesla 4680,
which uses NMC chemistry for higher energy and power demands,
the use of LFP in a large cylindrical format over the more common
prismatic format carries implications for the BYD 4680’s power
performance. Electrochemical testing confirms its classification as a
power cell with a high-rate capability, as presented in subsequent
portions of this study. Notably, this work analyzes 25 cells—
providing a statistically meaningful dataset for evaluating cell-to-
cell variation using computed tomography. Overall, this article aims
to supplement the aforementioned works by providing insights into
both the design and performance aspects of another relevant large-
format cell—the BYD 4680 cylindrical LIB—as a basis for future
optimization of LIB performance in both industrial and academic
contexts.

Experimental

Cell teardown.—Prior to teardown, the cell was first discharged
to 2.8 V. After opening the cylindrical cell, the entire electrode
assembly was extracted from the casing for geometric measure-
ments. The current collector disks at both the cathode and anode ends
of the jelly roll were removed, and their dimensions, along with the
overall structure of the assembly, were recorded. Adhesive tapes
securing the jelly roll were detached, allowing the electrode stack to
be fully unrolled. The thicknesses of the cathode and anode,
including their current collector substrates, were measured using a
digital micrometer (Mitutoyo 293), and electrode lengths were
measured with a standard ruler.

X-ray imaging and 3D reconstruction.—A set of 25 cells was
scanned and individually imaged using the Nikon XT H 225 ST 2x
system located at Glimpse’s facility. The system features a 225 kV
rotating anode X-ray source and had been calibrated by a certified
technician. Scans were conducted using Nikon’s Inspect-X software
with acquisition parameters optimized to achieve a balance between
image quality and scan duration. Subsequent data processing and 3D
reconstruction methodology are covered by Condon et al.8

Cell-level cycling and impedance analysis.—Open circuit vol-
tage (OCV) and DC resistance measurements for all received cells
were performed using Keithley 2400 source meters and are summar-
ized in Table S1. Additionally, potentiostatic electrochemical im-
pedance spectroscopy (PEIS) was conducted on two as-received cells
using a BioLogic SP-200 potentiostat. The measurements covered a
frequency range from 200 kHz to 100 mHz with six points per
decade (logarithmic spacing) and a sinusoidal excitation voltage of
10 mV. These tests were carried out under conditions designed to
minimize electromagnetic interference, employing ferrite cable
shielding and an isolated test chamber (Espec BTX-475). The
chamber was kept at an ambient temperature of 25 °C.
Capacity characterization was performed on the same two cells

using a C/5 constant current charge-discharge protocol between
2.8 V and 3.6 V, followed by a constant voltage hold at 3.6 V until
the current tapered to 0.25 A (equivalent to C/60). C-rates were
calculated based on the nominal capacity of 15 Ah, as specified by
the cell manufacturer.
Internal resistance across various states of charge (SOC) was

further evaluated using Hybrid Pulse Power Characterization
(HPPC). Two fresh cells underwent 10 s charge and discharge pulses
at a 1 C rate, with a 3 h rest period between pulses, continuing until
the voltage dropped to 2.8 V. Rate-capability testing was conducted

on the same cells using symmetric charge-discharge cycles at C/2,
1 C, and 2 C under a constant current-constant voltage (CC-CV)
protocol.
All cycling and HPPC measurements were performed using a

high-current battery cycler equipped with a 60 A universal cylind-
rical cell holder (ARBIN Instruments) under an ambient temperature
of 25 °C. Gravimetric and volumetric energy densities were calcu-
lated based on the measured discharge capacities and physical
dimensions of the entire cell assembly.

Materials and elemental analysis.—To assess areal capacity
loadings, circular electrode samples (13 mm for cathodes and
12.7 mm for anodes) were punched from the double-sided electrodes.
One side of the cathode film was removed using N-methyl-2-
pyrrolidone (NMP) to prepare single-sided electrodes and water
was used to remove one side of the anode film. Coin-type half-cells
employing LP57 electrolyte were then assembled to evaluate the
single-sided areal capacity loadings at relatively low charge and
discharge rates (C/5).
Scanning Electron Microscopy (SEM) was performed using an

FEI Apreo system operated at 5 kV, with images acquired at various
magnifications. The same instrument was used for energy-dispersive
X-ray spectroscopy (EDS) to analyze the elemental composition of
the electrodes. Samples for SEM and EDS were similarly prepared
by punching circular electrode samples and cutting them to enable
cross-sectional imaging.

Results and Discussion

Cell architecture and jelly roll design.—All cells investigated in
this study were independently sourced from a reputable online cell
supplier. Upon initial inspection prior to teardown, as shown in
Fig. 1A, the BYD 4680 cylindrical cell was found to be insulated
with a sleeve, in contrast to the Tesla 4680, which uses a nickel-
plated steel can without direct insulation. Energy-dispersive spectro-
scopy (EDS) confirms similar use of nickel-plated steel for the BYD
4680 cell can, as the metal sheet exhibits a high Fe content in its
cross-section and a high Ni content on its surface (Fig. S1).
Furthermore, the BYD 4680 features a small pressure relief valve
located adjacent to the cathode terminal. True to its format
designation, the BYD 4680 cell measures 80 mm in height and
46 mm in diameter. Like the Tesla 4680, the can of the BYD 4680
functions as the negative terminal, with the cathode terminal
(cathode lid) electronically isolated by a rubber gasket, as shown in
Fig. 1B, where a white gasket is visible on the cathode lid labeled
“3”.
Prior to teardown, the cell was fully discharged to 2.8 V and

transferred into an argon-atmosphere glovebox, where moisture and
oxygen levels were maintained below 0.1 parts per million. Without
removing the insulation sleeve, a pipe cutter—capable of cutting
pipes up to 50 mm in diameter—was applied to the groove around
the cathode lid. The cutter was gradually tightened to ensure that the
blade penetrated only the metal housing and not the internal
electrodes. After fully cutting through the can, it was observed that
the cathode lid remained attached to a metallic cathode disk, as
shown in Fig. 1B and labeled “1”. Ceramic scissors were used to
sever this connection, exposing the metallic cathode disk, the jelly
roll, a blue plastic disk (“2” in Fig. 1B), and a plastic core mandrel in
the jelly roll core (“5” in Fig. 1B). Similar to the metallic cathode
disk, a metallic anode disk was found near the bottom of the cell
housing (“4” in Fig. 1B), directly welded to the cell base. Before
extracting the jelly roll, the bottom portion of the housing was
removed with a pipe cutter, and the anode current collector tabs were
similarly severed from the anode disk using ceramic scissors. At this
stage, the jelly roll was disconnected from both the cathode lid and
the cell housing bottom. However, the radial pressure exerted by the
jelly roll against the sidewalls of the housing prevented straightfor-
ward removal. Consequently, a careful incision was made along the
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sidewall of the casing—avoiding the electrodes—to relieve pressure.
The metal casing was then peeled back using needle-nose pliers,
enabling the jelly roll to be extracted for further analysis.
All cell components were subsequently measured after teardown

and compared with the computed tomography scanning results
discussed throughout this work.
After the jelly roll was extracted from the cell housing, the

adhesive tapes were removed, and the jelly roll was unwound to
reveal the distinct cathode, anode, and separators. The unwound
electrode assembly is shown in Fig. 1C, displaying the separate LFP
cathode roll and graphite anode roll. The dimensions of the LFP
cathode roll were measured using a ruler, yielding a height of 69 mm
and a width of 5,370 mm. The graphite anode roll was slightly taller
at 71 mm with a width of 5,513 mm, which is 143 mm longer than
the cathode. This corresponds to a height and width increase of
approximately 2.90% and 2.66%, respectively. As highlighted in
yellow, the LFP cathode roll includes four separate aluminum tabs,
whereas the graphite anode roll has three separate nickel tabs. These
tabs run along the length of each electrode and are largely covered by
conventional polyethylene terephthalate (PET) film as confirmed by
infrared spectroscopy against a pure PET powder reference (Fig. S2),
which is wider than the tabs themselves. A multi-tab architecture is
expected to alleviate internal resistance and improve current dis-
tribution uniformity, a more crucial parameter when considering the
design of larger format cells.9–11 Although highlighted, the nickel tab
on the graphite roll located within the jelly roll core is fully covered
by PET tape and not welded to anything. Therefore, no electrical
connection is made between the cell body and the nickel tab. In
addition to the electrode rolls, all other inactive cell components
were extracted and are shown in Fig. 1D. The metallic cathode disk
(“1”) is 0.31 mm thick and exhibits an asymmetric design, with a
larger outer diameter on approximately half the disk. It also features
three cutouts—a circular center, a semicircular cutout, and a
rectangular cutout—designed to accommodate the aluminum tabs

and PET tapes. Between the metallic cathode disk and the cathode lid
(“3”) lies a blue plastic disk (“2”), hereafter referred to as the plastic
cathode disk. Measuring 0.29 mm thick, this disk serves as an
insulating barrier between the metallic cathode disk and the exposed
copper current collector of the jelly roll, ensuring connection only to
the positive terminal. Both the metallic cathode disk and plastic
cathode disk share similar cutouts to allow passage of the aluminum
tabs and PET tape. This arrangement is more clearly visible in the
top-down view of the BYD 4680 in Fig. 1B, where the plastic
cathode disk occupies a larger area than the metallic cathode disk.
The four aluminum cathode tabs are welded to the metallic cathode
disk at roughly 90° intervals. The metallic cathode disk itself is
connected to the cathode lid via a primary weld tab. The positions of
the aluminum tabs extend radially outward from the center of the
jelly roll, with distances measured at 0.4 mm, 13.1 mm, 16.0 mm,
and 18.3 mm, respectively. In contrast, the metallic anode disk (“4”)
is located at the bottom of the cell housing and is directly welded to
the can, as opposed to being connected via a central tab. Compared
to the metallic cathode disk, the metallic anode disk has a single
semicircular cutout with a flat edge, rather than a fully rounded
profile, and is of the same thickness at 0.31 mm. Like the aluminum
cathode tabs, the nickel anode tabs also extend radially outward, with
distances from the center measured at 9.0 mm, 15.6 mm, and
20.0 mm, and are welded directly to the metallic anode disk.
Another plastic disk, identical in thickness to the plastic cathode
disk, is placed between the anode disk and the jelly roll. It serves as
an insulating barrier between the metallic anode disk and the
exposed aluminum current collector of the jelly roll.
Finally, a plastic core mandrel (“5”) was removed from the center

of the jelly roll after the electrode assembly was unwound. This
component serves as an anchoring point for the separator roll. This
design is in stark contrast to that of the Tesla 4680, which, according
to reports by Ank et al. and Gorsch et al., features an empty central
cavity in the jelly roll rather than a traditional winding mandrel—a

Figure 1. Overview of the BYD 4680 dimensions, teardown, internal features, and inactive components. (A) Cell dimensions and external view. (B) Cell can
opening and tab architecture (Inactive cell components referenced 1–5 for (D). (C) LFP and graphite electrode rolls (Cathode and anode tabs highlighted in yellow
dashed lines). (D) Inactive cell components: (1) Metallic cathode disk; (2) Plastic cathode disk; (3) Cathode lid; (4) Anode disk; (5) Plastic core mandrel.
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design approach common in many modern cylindrical cells. Figure 2
presents an exploded view of all relevant components within the
BYD 4680 cell. As discussed above, metallic disks are used at both
the cathode and anode ends, accompanied by their respective plastic
disks to ensure electrical isolation—allowing the graphite anode to
connect electrically with the cell housing and the LFP cathode to
connect exclusively with the positive terminal (cathode lid). The
plastic core mandrel fits snugly within the jelly roll core while the
roll remains tightly wound.
To enable a more visual and quantitative analysis of the BYD

4680 cell structure, 3D X-ray imaging (computed tomography—CT)
was employed as a nondestructive full-cell imaging technique. All
scan data shown in Figs. 3 and 4 were previously published by
Condon et al.,8 where the experimental details regarding scan
acquisition and data processing are discussed. The 2D radial
(cross-sectional) slices of the BYD 4680, depicted in Fig. 3A,
clearly illustrate the internal structure of the cell. The observed
contrast can be correlated with the individual cell components
described earlier. Upon closer inspection of the cross-sectional CT
image, the contrast distinctly resolves the plastic core mandrel from
the surrounding electrodes, as shown in Fig. 3B. Additionally, the
cavity within the plastic core mandrel is visible, revealing a
hexagonal design that was verified by optical inspection of the
extracted component (right image in Fig. 3B). Axial (rotational) 2D
slices presented in Fig. 3C offer a full-body image of the BYD 4680,
where key internal regions are well resolved. As shown in Fig. 3D, a
rotational CT slice reveals the layered electrode architecture,
electrode overhangs, and structural features such as the current
collector tabs at both the top and bottom of the cell. The high fidelity
of the CT imaging is exemplified by the clear visualization of the
electrolyte meniscus, as highlighted in the central image of Fig. 3D.
The observed excess electrolyte in this particular cell prompted
further investigation into the design and function of the plastic core
mandrel. Physical measurements (Fig. S3A) show the mandrel is
7.1 mm tall, aligning well with the height of the graphite anode roll
—and by extension, the jelly roll. The inclusion of a mandrel in
cylindrical LIBs generally serves to stabilize the jelly roll by
counteracting inward radial pressure or to provide a gas release
pathway through a central hollow cavity in the event of thermal
runaway.12,13 To explore whether the plastic mandrel in the BYD
4680 serves functions beyond these conventional roles, ethanol was
injected into the hexagonal cavity under ambient conditions to assess
its permeability (Supplementary Video 1). No leakage was ob-
served. More rigorous permeability testing was performed in an
argon-atmosphere glovebox after vacuum drying the mandrel. It was
weighed on a high-precision scale prior to full immersion in LP57
electrolyte for two weeks in a sealed container, then dried and
reweighed. As summarized in Fig. S3B, the results indicate
negligible electrolyte uptake, supporting the hypothesis that the
mandrel primarily serves as structural reinforcement against jelly roll

deformation during high-stress conditions such as fast charging or
thermal events. Supplementary Video 2 further demonstrates that
the plastic mandrel is highly resistant to bending or cutting, high-
lighting its mechanical rigidity—an essential characteristic for
mitigating jelly roll distortion. Additional infrared spectroscopy
characterization, as shown in Fig. S4A, determined the core mandrel
polymer composition to be polypropylene (PP) when compared to a
polyethylene (PE) powder reference. The spectra clearly shows that
characteristic vibrational modes of PE are absent in both the core
mandrel. Specifically, characteristic CH2 vibrational modes uniquely
present in the PE monomer such as a rocking vibration (Fig. S4B) are
not seen in the core mandrel spectra. Likewise, vibrational modes
associated with the CH₃ functional group—unique to PP monomers
—are not seen in the PE reference spectra (Figs. S4C, S4D). The
harvested separator was also identified as PP in Fig. S4, with
scanning electron microscopy (SEM) performed to inspect whether it
was a monolayer or tri-layer structure, since the limited probing
depth of infrared spectroscopy (Attenuated total reflectance) may not
capture a potential polyethylene interlayer in the case of a tri-layer
separator (Fig. S5). Typical sub-micron holes can be seen on the
separator surface (Figs. S5A, S5B), and a monolayer architecture is
elucidated given the homogeneity of the observed cross-section, as
shown in Figs. S5C, S5D.
Consistent with CT imaging results, the length of the mandrel’s

hexagonal cavity measures 2.5 mm, with an approximate cross-
sectional area of 16.24 mm2 and a wall thickness of approximately
0.66 mm.
Varying the radial (cross-sectional) CT slices of the BYD 4680

enables more detailed inspection of the cell interior and its structural
features. As shown in Fig. 4A, beginning with the bottommost cross-
sectional slice (Z = 0), the metallic anode disk is clearly resolved,
along with the welded connections to the anode’s nickel tabs, which
are highlighted in yellow in the corresponding image. Moving
upward along the Z-axis (Z > 0), the four cathode aluminum tabs
also become visible. The highlighted regions in the uppermost CT
image of Fig. 4A correspond to the welded connections observed on
the metallic cathode disk. Due to the difference in tab materials and
corresponding X-ray absorption contrast, axial (rotational) CT
slices of the cell, shown in Fig. 4B, readily distinguish the four
cathode aluminum tabs (labeled C1, C2, C3, and C4) from the three
anode nickel tabs (labeled A1, A2, and A3) throughout the rotation
of the cell relative to the detector
To support rapid and automated analysis of CT scans from

battery cells, Glimpse’s image post-processing pipeline—as detailed
in Condon et al.8—was employed to analyze the core structure of the
BYD 4680. The jelly roll core was segmented (blue overlay in
Fig. 4A), allowing for quantification of the core area and core
circularity across a dataset of 25 BYD 4680 cells. Core circularity
was calculated as the ratio of the minimum to maximum diameters
obtained from an ellipse fit (Dmin/Dmax), serving as a key metric for

Figure 2. Exploded view of the BYD 4680. The schematic is drawn based on the measured dimensions of the components of the cell.

Journal of The Electrochemical Society, 2025 172 110536



assessing jelly roll buckling risk.14,15 A high degree of uniformity in
both core area and core circularity was observed across the 25 cells,
with relative standard deviations (RSD) of 0.546% and 0.467%,
respectively (Fig. 4C). Notably, the lowest core circularity value in
the dataset was 97.2%, which is significantly higher than what is
typically observed in conventional cylindrical cells. This high degree
of uniformity underscores the potential advantages of cylindrical cell
designs that incorporate a central core mandrel, particularly in
enhancing mechanical stability and reducing deformation under
stress.

Electrochemical testing.—Prior to electrochemical characteriza-
tion, the as-received BYD 4680 cells were examined for their open
circuit voltage (OCV) and DC resistance via an ohmmeter with
results summarized in Table S1 to verify the cell consistency. All
electrical characterizations presented in this section were conducted
on two separate cells to ensure repeatability. The capacity and
nominal discharge voltage of the BYD 4680 were measured using a
constant current (CC) protocol at C/5, based on a nominal capacity of
15 Ah (3 A), followed by a constant voltage (CV) cutoff at C/60
(0.25 A). Initial discharge measurements revealed that the cells were
shipped at approximately 20% state of charge (SOC). The cells were
subsequently charged and discharged at the same C/5 rate between
2.8 V and 3.65 V. As shown in Fig. 5A, the cells delivered a
discharge capacity of 15.41 Ah and a discharge energy of 49.82 Wh,
corresponding to an average discharge voltage of 3.2 V.
Characteristic voltage plateaus associated with graphite staging and
the FePO4 (FP) ↔ LiFePO4 (LFP) phase transformation were clearly

observed, confirming the LFP/graphite cell chemistry.16,17 Based
on the measured weight and volume of the BYD 4680 cell, the
gravimetric and volumetric energy densities were calculated to be
151 Wh kg−1 and 374.6 Wh l−1, respectively. When compared to
the Tesla 4680 at the cell level, the Tesla cell exhibits approximately
1.6× higher gravimetric and 1.7× higher volumetric energy density
(Table S2). The lower energy density of the BYD 4680 is consistent
with the intrinsic limitations of the LFP cathode, which has lower
specific energy than NMC-based chemistries. Additionally, the
longer LFP cathode roll in the BYD 4680 (5,370 mm) compared to
the NMC cathode roll in the Tesla 4680 (3,215 mm), as reported by
Gorsch et al., contributes to an increased amount of inactive material
at the cell level. These include aluminum and copper current
collectors, separator film, conductive carbon, and binder material.
The same cells from Fig. 5A were subjected to continuous cycling
under identical conditions without rest periods between cycles, as
illustrated in Fig. 5B. Both cells demonstrated stable capacity
retention with less than 0.1% capacity fade over 10 cycles, along
with an increasing coulombic efficiency (CE), indicating stabiliza-
tion behavior during early cycling.
To accurately assess the areal capacity loadings of the electrodes,

single-sided portions of the LFP cathode roll and graphite anode roll
extracted from the BYD 4680 were prepared by mechanical
scraping. Disks measuring 13 mm in diameter for the LFP cathode
and 12.7 mm for the graphite anode were then punched and
assembled into coin-type half-cells using LP57 electrolyte.
Electrochemical cycling of the LFP and graphite half-cells was
performed at a C-rate of C/10, yielding characteristic single-plateau

Figure 3. 3D X-ray imaging (Computed tomography—CT) of BYD 4680—Figure adapted from [Attia et al., Nature Communications, 2025] with modifications.
(A) Cross-sectional CT slice. (Inset in red corresponds to magnification of CT image depicted in (B)). (B) Inset of cross-sectional slice highlighting jelly roll core
(Left) and corresponding photograph of extracted plastic core mandrel (Right). (C) Rotational CT slice (Insets in red correspond to magnification of CT image
depicted in (D)). (D) Inset of rotational slice highlighting cathode lid, electrode overhangs, and electrolyte meniscus.
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and multi-plateau voltage profiles for the two materials, respectively
(Fig. 5C). Subsequent cycling at C/5 produced average reversible
capacities of 2.77 mAh for the LFP cathode and 2.96 mAh for the
graphite anode (Fig. 5D). Based on their respective electrode areas,
these values correspond to average single-sided areal capacities of
2.09 mAh cm⁻2 for the LFP cathode and 2.34 mAh cm⁻2 for the
graphite anode, resulting in an N/P ratio of 1.1. The slight variation
observed in the delivered capacities of the LFP cathode half cells is
attributed to potential damage incurred during the removal of one
electrode side. Nonetheless, upon continued cycling at C/5, the half
cells exhibited stable performance, with consistent CE between LFP
half cells, as shown in Fig. 5D.
Impedance measurements of the as-received BYD 4680 were

conducted using an Arbin cylindrical cell holder with circuit
resistance below 5 mΩ and a Bio-Logic potentiostat. Galvanostatic
electrochemical impedance spectroscopy (EIS) with a 500 mA
excitation amplitude revealed a milliohm-level impedance at 20%
SOC (Fig. 6A). The impedance spectra were fitted using a conven-
tional Randles equivalent circuit model, resulting in an area-specific
ionic resistance Rs of 51.5 Ω·cm2 and an area-specific charge transfer
resistance RCT of 5.9 Ω·cm2. As the charge transfer resistance
encompasses both lithium-ion transport kinetics through the solid
electrolyte interphase (SEI) and charge exchange kinetics at the
active material surface, the low RCT value is expected considering
the cell has not been subjected to long-cycling. To further char-
acterize the cell’s resistance behavior, hybrid pulse power character-
ization (HPPC) was performed to evaluate DC resistance as a
function of SOC (Fig. 6B). The HPPC protocol involved the
following steps: charging to 3.65 V at C/5, followed by a 1 h rest;

discharging at C/2 for 24 min (resulting in a 20% SOC drop); a 3 h
rest; and application of 10 s charge and discharge pulses at 1 C
(15 A). This sequence of C/2 discharge, 3 h rest, and 10 s 1 C pulses
was repeated until the cells reached the lower cutoff voltage of 2.8 V.
During each 10 s pulse, cell voltage and current (for both charging
and discharging) were recorded at one-second intervals, yielding 10
data points per pulse. The DC resistance for each interval was
calculated using Ohm’s law. The average DC resistance values
across the pulse durations for two BYD 4680 cells subjected to
HPPC testing are summarized in Fig. 6C. In general, DC resistance is
observed to increase with decreasing SOC in both the charging and
discharging directions; however, the increase is more pronounced in
the discharge direction, particularly in the mid-to-low SOC regions.
Based on previous teardown analyses of commercial NMC and NCA
systems, the SOC-dependent impedance behavior is likely associated
with the nonlinear nature of charge transfer reactions.18 In compar-
ison, LFP cells tend to exhibit a relatively lower sensitivity of
impedance to SOC.19

Owing to the well-known trade-off between energy and power in
LIBs, the rate capability of the BYD 4680 cells was assessed.20 This
is of particular interest given that fast charging of LFP batteries may
offer a promising solution to alleviating range anxiety in automotive
applications, especially when compared to high-nickel NMC
systems.21–23 Symmetrical charge/discharge rates of C/2, 1 C, and
2 C—corresponding to 7.5 A, 15 A, and 30 A, respectively, based on
the nominal capacity of 15 Ah—were evaluated for 5 cycles. A
constant voltage (CV) step was applied after the constant current
(CC) phase until a C/60 cutoff current (0.25 A) was reached,
consistent with earlier testing procedures. The tested cells exhibited

Figure 4. 3D X-ray imaging (CT) of BYD 4680—Cell features and uniformity. (A) Cross-sectional CT slices with varying depth (Highlighted regions of cathode
and anode tabs in yellow dashed lines). (B) Rotational CT slices with varying angles, 4 cathode tabs (C1,2,3,4) and 3 anode tabs (A1,2,3) are labelled. (C) Core
area (mm2) and core circularity (Dmin/Dmax) metrics across 25 scanned BYD 4680 ordered by mean values (Metrics evaluated from overlay of jelly roll core in
blue as shown in A), and cell indices between the two plots do not correspond to one another (Order of core area does not match order of core circularity).
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good reproducibility, as evidenced by the overlapping voltage
profiles in Fig. 7A. As expected, the capacity contribution from
the CV step increased with higher C-rates. This behavior is attributed
to incomplete lithiation of the graphite anode or incomplete
delithiation of the LFP cathode at high rates, leading to reduced
overall capacity utilization—from approximately 15.00 Ah at C/2 to
13.25 Ah at 2 C. However, upon returning to C/2 in subsequent
cycles, the reversible capacity is nearly 15 Ah after 5 cycles
(Fig. 7B). These results underscore the high-power capability of
the BYD 4680, with 94.7% and 87.9% capacity utilization at C-rates
of 1 C and 2 C, respectively, based on discharge capacities measured

on the 5th cycle. It is important to note that after the 1st cycle at
increasing rates, the CE stabilizes to 99.8% at both 1 C and 2 C,
further reinforcing the cell’s impressive rate capability. Comparing
the fast-charging capabilities of the BYD 4680 and the Tesla 4680
(as reported by Ank et al.), the BYD 4680 achieved 97.8% and
92.7% of its nominal charging capacity at 1 C and 2 C, respectively,
while the Tesla 4680 reached 82.8% and 71.0% at the same rates
(Considering a single cycle at these C-rates and under identical
testing temperatures of 25 °C)—highlighting the BYD 4680 as a
high-performance power cell. It is anticipated that continuous
high-rate charging (⩾2 C = 30 A) may generate substantial heat,

Figure 5. Electrochemical evaluation of full cell level and electrode (half-cell) level performance under 25 °C. (A) Galvanostatic cycling of as-received BYD
4680 lFP/graphite cylindrical lithium-ion battery at C/5. (B) Multi-cycle stability of the BYD 4680 cells at C/5. (C) 1st cycle evaluation of LFP cathode and
graphite anode in half-cells at C/10. (D) Multi-cycle stability of the LFP cathode and graphite anode half-cells at C/5 following an initial cycle at C/10.

Figure 6. Impedance and pulse resistance evaluation of the measured cells normalized to the LFP electrode area at 25 °C. (A) Impedance spectra as received
(20% SOC). (B) Hybrid pulse power characterization testing employing 10 s charge and discharge pulses at 1 C from 80% SOC to 0% SOC. (C) DC area-specific
pulse resistances across SOCs in charge and discharge direction.
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potentially reducing the risk of lithium metal plating on the graphite
anode. However, additional side reactions may also occur, exces-
sively forming SEI. These side reactions are typically absent during
fast discharging, as they are driven by the low electrode potentials
present during charging.

Materials characterization.—For a more detailed analysis of the
LFP and graphite electrodes, SEM was performed, with Fig. 8
depicting both top-down and cross-sectional views of both the
cathode and anode material.
On the cathode side, the electrode thickness measures approxi-

mately 150 μm, with an aluminum current collector around 10 μm
thick, as observed in the cross-sectional SEM image (Fig. 8A). These
measurements are in excellent agreement with those obtained via
micrometer readings and rotational CT slice analysis. From the top-
down view shown in Fig. 8B, nano-sized cathode particles are
visible, ranging from approximately 100 to 300 nm in diameter.

These morphological features are characteristic of nano-structured
LiFePO4 (LFP) materials, which are engineered to enhance rate
performance by reducing lithium-ion diffusion lengths compared to
their micron-sized counterparts.24 The LFP chemistry is confirmed
by EDS, which reveals atomic ratios of Fe, P, and O close to 1:1:4
(Fig. S6). In addition, a clear contrast in image intensity distin-
guishes the larger, micron-sized carbon particles due to their superior
electronic conductivity relative to the surrounding nano-LFP parti-
cles. Carbon coatings on LFP primary particles are commonly
applied to compensate for LFP’s inherently low electronic conduc-
tivity, thereby facilitating charge transfer.25 While the larger carbon
particles are readily apparent, the carbon coating on the LFP particles
is not well resolved, as it is typically thinner than 10 nm. Notably,
EDS analysis also indicates the presence of Ti, detected at an atomic
ratio of approximately 0.3% (considering only Fe, P, O, and Ti). This
likely points toward Ti doping as previous studies have shown that
appropriate Ti doping in LFP can slightly reduce lattice spacing,26

Figure 7. Rate capability evaluation of the measured cells at 25 °C. (A) Voltage vs capacity profiles across symmetrical charge and discharge rates of C/2, 1 C,
and 2 C. (B) Capacity vs cycles summary at different C-rates.

Figure 8. Representative SEM images of the double-sided electrodes as harvested from the teardown cell. SEM images of the LFP cathode from the (A) cross-
sectional and (B) surface view, and the graphite anode from the (C) cross-sectional and (D) surface view. Additional SEM images and elemental composition via
EDS can be found in supplementary information.
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thereby shortening lithium-ion diffusion paths—an effect that, when
combined with nano-structuring, may enhance electrochemical
performance.
The anode layer measures approximately 125 μm thick, with a

copper current collector around 10 μm thick, as shown in Fig. 8C.
These values are consistent with average values obtained from
micrometer measurements conducted at five points across the jelly
roll and with CT data. To determine whether coating thickness
differs between the inner and outer sides of the jelly roll—potentially
to mitigate the risk of delamination at a tight bend radius—additional
single-sided thickness measurements were performed after carefully
wiping off the graphite coating with water on both inner and outer
electrode layers. These measurements revealed that the graphite
coating is uniform on both sides. Compared to the single-sided
graphite anode coating in the Tesla 4680 (as reported by Gorsch
et al.), the BYD 4680 features a coating thickness of 54.5 μm—a
54% reduction. While partly due to the lower energy density of LFP,
the significantly thinner graphite anode also reduces ohmic resis-
tance, enhances lithium-ion diffusion, and improves thermal dissipa-
tion—all of which facilitate fast charging and high-power output, as
shown in the rate-testing results. Top-down SEM imaging (Fig. 8D)
reveals that the anode is composed of flake-like graphite particles
with diameters up to 10 μm. EDS analysis confirms the exclusive use
of graphite as the active material, with no detectable silicon. A
carbon atomic ratio of 91.2% was measured (Fig. S7), consistent
with graphite content as well as the presence of conductive additives
like carbon black and polymeric binders. A sodium atomic ratio of
1.8% suggests the possible use of sodium carboxymethyl cellulose
(CMC) as a binder. Recently, dry-processed electrode manufacturing
has been explored for achieving high areal mass loading via polymer
fibrillation in the dry mixing of active and conductive materials.27

However, no fiber-like morphology was observed in either the
cathode or the anode. This suggests that both electrodes were likely
fabricated using conventional slurry-based methods.

Conclusions

This article presents a comprehensive analysis on the design and
characteristics of a BYD 4680 cylindrical lithium-ion battery with
LFP chemistry. The study spans both the cell and components level
through a detailed teardown in conjunction with electrochemical
analysis and state-of-the-art CT imaging. The cell teardown revealed
double-sided cathodes and anodes, with a plastic core mandrel
featuring a hexagonal cavity. Multi-tab architecture is observed for
both the cathode and anode, notably with a core tab on the anode roll
not electronically connected to the cell terminal. Mechanical and
permeability testing of the mandrel revealed no further functions
beyond conventional support for jelly roll deformation. CT analysis
showed exceptionally high uniformity in jelly roll core area and
circularity across the cells. SEM revealed nano-sized LFP spherical
particles on the cathode and flake graphite particles on the anode.
EDS analysis revealed Ti doping of the LFP cathode particles as well
as the exclusive application of graphite as the anode material, with
no detectable silicon. No fiber-like morphology was seen for either
the cathode or anode, suggesting the conventional slurry-based
processing of the electrodes, in contrast to next-generation solvent-
free electrode processing techniques. At the cell level, volumetric
and gravimetric energy densities were calculated as 374.6 Wh l−1

and 150.5 Wh kg−1, respectively. Impedance testing reveals
milliohm level resistance associated with Li-ion charge transfer.
HPPC testing similarly revealed milliohm level DC resistance, with
pronounced increases into the low-SOC regions. Symmetric charge
and discharge rate testing of the cells shows good capacity utiliza-
tion, with 94.8% and 88.1% at 1 C and 2 C, with respect to capacities
obtained at C/2. In conjunction with the exceptionally thin graphite
anode architecture, these results affirm its classification as an
impressive high-power cell.
These findings shed light on the design, materials, and perfor-

mance characteristics of large-format cylindrical lithium-ion cells

with LFP chemistry—an increasingly promising direction for both
EV and EES applications. The 4680 cell format marks an exciting
evolution in cylindrical cell design, and as a major cell producer,
BYD introduces a distinctly different approach from Tesla’s 4680,
featuring a unique multi-tab configuration and mandrel-supported
architecture. This work not only demonstrates the viability of LFP in
high-power cylindrical formats but also establishes a valuable
reference point for future innovation. It identifies opportunities for
further investigation, including thermal behavior and cathode surface
engineering, and sets the stage for advancing cylindrical lithium-ion
battery technology beyond traditional boundaries.
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