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SUMMARY
In order to provide design guidance for the development of next-generation batteries, this article presents a
teardown analysis of two commercial lithium-ion batteries: the Tesla 4680 cell and the BYD Blade cell. In-
sights into these cells’ electrical, mechanical, material, and process designs are provided. The BYD Blade
cell displays half the energy losses per volume of the Tesla 4680 cell at the same C-rate. The Tesla 4680
cell utilizes laser welding, and the BYDBlade cell utilizes laser and ultrasonic welding as electrode contacting
technologies. Lithium iron phosphate (LFP; BYD Blade cell) and NMC811 (Tesla 4680 cell) are confirmed as
electrode materials resulting in energy densities of 160 Wh/kg and 355.26 Wh/l and 241.01 Wh/kg and 643.3
Wh/l, respectively, on the cell level. Both cells utilize graphite anodes without silicon dioxide. Polyacrylic acid
(PAA) and polyethylene oxide (PEO) are detected as binders on the anode side for the Tesla 4680 cell.
A manufacturing sequence is proposed for both cells.
INTRODUCTION

In 2023, two manufacturers dominated the market for battery

electric vehicles (BEVs) based on sold vehicles.1 Tesla, a pioneer

in using lithium-ion batteries (LIBs), led sales in Europe andNorth

America in 2023. Meanwhile, BYD, which began as a battery cell

manufacturer, has become a leader in innovation from cell to

vehicle level and has gained significant market share for sold

BEVs worldwide. In 2024 BYD surpassed Tesla in total BEV

sales.2 In 2022, Tesla began producing 4680 cylindrical cells in

California and Texas (USA) and sourced prismatic cells from

CATL. The Tesla 4680 cells are approximately five times larger

by volume and capacity than the previously used 21700 cells

in Model 3, allowing for higher energy densities and significant

cost reductions in production.3 The Tesla 4680 cell also features

a tabless design, further cutting production costs.4 BYD relies on

blade batteries, representing an innovative approach to battery

technology. The aim is to produce long-lasting cells at a low

cost and with high safety by utilizing a unique cell design.5 Cell

manufacturers typically publish only limited information in their

datasheets for batteries. These datasheets provide measured

performance data but need more scientific relevance due to

missing details on testing conditions and insufficient data on

charging limits and cell aging behavior.6–8 Detailed information

about the mechanical structure and cell characteristics is rarely

published.
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The development of LIBs for EVs focuses on optimizing cost,

energy density, and power capability while maintaining other

critical characteristics, such as safety and longevity.9–11 Battery

selection and design for EVs is a trade-off between these factors,

with cost, energy density, and power capability being the essen-

tial requirements.9–11 Different cell chemistries are suited for

various applications: lithium iron phosphate (LFP) batteries are

cost effective and offer longevity, making them suitable for

affordable vehicle segments. In contrast, high-nickel chemistries

like NMC811 provide superior energy density, making them ideal

for higher performance and cost segments.12 The choice be-

tween these chemistries depends on whether the focus is on

cost, range, or performance.12 In recent years, there has been

a trend moving toward cells with larger dimensions, as it in-

creases the energy content per cell produced and decreases

the integration complexity at the system level.3

This article aims to build on the advancements in providing

data on state-of-the-art battery cells used in automotive applica-

tions. Comparing a cost-focused cell design (the BYD Blade cell)

with a performance-oriented cell design (Tesla 4680 cell) offers

insights into their respective advantages and trade-offs.

The two cells of this article are examined for their mechanical,

electrical, and material properties. The first cell is a cylindrical

cell with a diameter of 46 mm and a height of 80 mm made by

the manufacturer Tesla (Tesla 4680 cell) and used in the 2022

models of the Model Y class. The second cell is a prismatic
rch 19, 2025 ª 2025 The Author(s). Published by Elsevier Inc. 1
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Figure 1. Cells’ outside features, dimensions, and format

(A) BYD Blade cell.

(B) Tesla 4680 cell.
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cell with dimensions of 90 mm in height, 965 mm in length, and

14 mm in thickness from the manufacturer BYD (BYD Blade

cell). The Tesla 4680 cell was removed from the battery pack

of a new 2022 version Tesla Model Y and distributed by Munro &

Associates. As a result, the exact aging condition of the cell at

the start of the article was uncertain but expected to be at

100% state of health (SOH). The BYD Blade cell was imported

online from a China distributor with an SOH of 100% (in 2023).

This article aims to supplement the studies by Ank et al., Baa-

zouzi et al., andBörner et al. with additional information on specific

design or performance features of the Tesla 4680 cell and provide

data on the BYD Blade cell design.3,4,7 The article by Ank et al. is

supplemented with additional information on specific geometry

design features of the 4680 Tesla cell, such as the exact electrode

positions in relation to the separator, and updated geometry pa-

rameters, such as the separator height. Furthermore, an extended

focus is placed on the manufacturing processes and sequence,

the exact material composition of the cell electrodes, and the
2 Cell Reports Physical Science 6, 102453, March 19, 2025
respectivematerial costs. The electrical behavior of the cell is sup-

plemented by the temperature dependence of the internal direct

current (DC) resistance.6 Baazouzi et al.’s and Börner et al.’s

studies are supplemented with a revised production sequence of

the Tesla 4680 cell and additional data on design details, leading

to a more detailed proposed production sequence for the cell as-

sembly. Both studies are enrichedbymore detailed data onmate-

rial composition and cost.3,4 The overall focus of this article is also

to directly compare differences in themechanical design, produc-

tion features, electrical behavior, and material composition of two

automotive cells of different formats and design approaches to

better understand the advantages and disadvantages of different

cell design decisions.

To provide input for the next-generation design of prismatic or

cylindrical LIBs, this article compares and analyzes the following:

(1) overall cell data, including outer dimensions and energy

densities



Table 1. Overview of general cell properties and dimensions

Tesla 4680

cell

BYD Blade

cell

General

Nominal capacity, Ah 23.125 135

Nominal energy, Wh 85.56 432

Nominal voltage, V 3.7 3.2

Voltage window, V 2.5–4.3 2.6–3.65

Weight 355 g 2.7 ± 0.3 kg

Volume, mL 133 1,216

Energy density (gravimetric), Wh/kg 241.01 160

Energy density (volumetric), Wh/l 643.3 355.263

The areal capacity of the cathode

(calculated), mAh/cm2

4.99 2.393

Dimensions

Diameter/length, mm 46 965

Height, mm 80 90

Thickness, mm – 14 mm

Can wall thickness (sides), mm 0.4 0.3

Separator, mm 10 12

Anode coating thickness, mm 125 65

Copper substrate foil thickness, mm 10 10

Cathode coating thickness, mm 75 70

Aluminum substrate foil thickness, mm 20 20

No. of separator layers 2 78

No. of cathode sheets (coating on

both sides)

1 38

No. of anode sheets (coating on

both sides)

1 39
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(2) detailed mechanical design features and their respective

implications for the cell assembly process

(3) material distribution across each cell component

(4) material costs

(5) exact dimensions of the cell electrodes

(6) process flow of cell assembly

(7) cell heating behavior and DC resistance

(8) detailed material composition of the electrodes, including

the binders used

RESULTS AND DISCUSSION

This section will first focus on the cell’s mechanical design and

production process flow, then on the cell’s electrical perfor-

mance, and conclude with the material composition of the cell

electrodes.

Mechanical design and production process
The main difference between the Tesla 4680 cell and BYD Blade

cells is their formats: BYD uses a large prismatic cell format,

while the Tesla 4680 cell is a large cylindrical cell with a signifi-

cantly lower volume (Figure 1). Both cells exemplify the trend

of increasing cell sizes and the cell-to-pack approach.13–16 The

BYD cell features threaded side terminals, allowing easily

detachable cell-to-cell joints. The prismatic format is the only
format that allows such joints.17 Additionally, it includes pins

on both sides, likely for mechanical positioning in a pack config-

uration. The BYD cell’s aluminum housing is insulated with an

adhesive polyethylene terephthalate (PET) foil, whereas the (pre-

sumably) nickel-plated steel can18 of the Tesla 4680 cell lacks

direct insulation at the cell housing level.

The Tesla 4680 cell utilizes NMC811 chemistry7 (confirmed

by energy-dispersive X-ray [EDX] results; Table S2), and the

BYD Blade cell uses LFP chemistry (as specified by the cell

datasheet and confirmedbyEDX results; Table S3). The cells’ ca-

pacities and nominal voltages were measured at C/10 constant

current constant voltage (CCCV) charging and discharging cy-

cles with a CV cutoff at a C/20 current, averaging the charging

and discharging capacities of the cells. The voltage window

was based on the limits of LFP and NMC811 with graphite anode

cell chemistry. Comparing the cells on the cell level, the energy

density of the Tesla 4680 cell outperforms that of the BYD Blade

cell by margins of 1.53 gravimetrically and 1.83 volumetrically

(Table 1). The applied cathode materials’ (CAMs) experimentally

achieved material-level energy densities are 720 Wh/kg for

NMC811 and 528Wh/kg for LFP.19,20Whendividing the cell-level

energy densities by these material-level energy densities, the

CAM utilization rates are 33.45% for the Tesla 4680 cell and

30.3% for the BYD Blade cell. Therefore, both cells have a rela-

tively close weight utilization of the CAM. This is significant

because a larger cell typically allows for improved utilization

due to a reduced fraction of passive components. The cathode

areal capacity was calculated by dividing the nominal cell capac-

ity by the total cathode coating area. Table 1 summarizes the

main cell-level parameters.

Cell housing

Figure 2 displays a simplified sketch of the mechanical assem-

blies of both cells. In contrast to cylindrical cells like the 18650

and 21700 battery cells21 and prismatic battery cells applied

by Tesla,22 the Tesla 4680 cell vents toward the cell’s bottom,

and the BYDBlade cell vents toward the side. This allows venting

in case of failure away from the passenger and, in the case of the

Tesla cell, away from the electrical contact system. The can of

the Tesla 4680 cell has anode potential and functions as the

negative terminal. Both polarities are insulated from the can for

the BYD blade cell—the can sits at its own potential level. The

electrolyte filling hole is closed via a copper blind rivet for the

Tesla 4680 cell andwelded shut for the BYDBlade cell. The Tesla

4680 cell cap/positive terminal is insulated with a sealing ring,

while the BYD Blade cell terminals are insulated with plastic

holders and a rubber O-ring.

Cell electrode configuration

The BYD Blade cell features a single Z-folded electrode stack

with 38 double-coated cathode sheets, 39 double-coated anode

sheets, and 79 separator layers (of one continuously folded

separator sheet). The separator overhang is laminated—so that

even the open sides of the Z-folded separator folds at the stack’s

long top and bottom sides are closed, presumably to fixate each

cathode and anode sheet. On top of the laminated stack edge, a

plastic rail is fixated via adhesive tape (Figure 3). The contacting

assemblies at both ends are also fixed to the stack via adhesive

tape. The whole stack and the plastic holders of the contacting

assemblies are then wrapped in a transparent insulation bag.
Cell Reports Physical Science 6, 102453, March 19, 2025 3



Figure 2. Simplified sketch of the cells’ cross-sections displaying all internal components

(A) BYD Blade cell.

(B) Tesla 4680 cell.
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The Tesla 4680 cell features a jelly roll configuration wrapped in

the separator and then fixated via two strips of adhesive tape at

the top and bottom (Figure 3). The center of the jelly roll is left

empty and is presumably needed to contact the cathode tab

to the cell terminal via a spot welding tool which is passed

through this center cavity during production.

Contacting of the jelly roll/stack

The BYD Blade cell electrodes have typical contacting flags ex-

tending out of the stack. On both sides, they are welded to a

busbar, which is, in turn, connected to the outside terminal.

The contacting is done via two welding technologies: first, the

contacting flags of the electrode layers are connected and

compacted via ultrasonic welding, and in another step, the

pre-connected flags are welded to the busbar via laser welding

(Figure 4). The advantage of this approach is that laser welding

only needs accessibility to the busbar from one side, and the

ultrasonic welds ensure layer-to-layer contact in preparation

for laser welding. This allows for a very space-efficient contact-

ing design (Figure 2) where the contacting itself only takes the

space of one electrode foil stack fold. The Tesla 4680 cell elec-

trode/contacting foil edges (anode and cathode) are slit at an

angle and then folded onto another, creating a contacting sur-

face for the tabs. This so-called tabless design is showcased in
4 Cell Reports Physical Science 6, 102453, March 19, 2025
Tesla’s patent application for a tabless cell.23 The exact geom-

etries of the tabs can be found in Ank et al.’s study.7 The tabs

are welded onto the jelly roll via laser welding on six triangle-

shaped contact surfaces (Figure 4). The cathode tab is spot

welded to the terminal, and the anode tab is laser welded to

the cell can.

Electrodes

The electrode dimensions were measured by disassembling the

jelly roll stack in a glovebox and measuring the components us-

ing calipers and measuring tapes. A thin-film measuring device

was used for layer and foil thickness measurements, and

the average of 5 measurements was calculated to generate a

representative layer or foil thickness. Figure 5 displays the elec-

trode dimensions for both cells, and Table 1 presents the

electrode thicknesses and the numbers of layers. Notably, the

electrode foil thicknesses and the cathode coatings for both cells

have similar thicknesses. On the anode coating side, the coating

for the Tesla 4680 cell is almost twice as thick as that for the BYD

Blade cell due to the higher specific energy of the cell’s cathode.

Both cells have a coating layer at the edges of the current collec-

tor flags—presumably an insulating coating layer to protect the

edges of the electrodes from short circuits, as also detected

by Ank et al.7 The dimensions of the Tesla 4680 cell electrode



Figure 3. Pictures of the cells’ internal electrode configurations and features
(A) BYD Blade cell stack.

(B) Tesla 4680 cell jelly roll.
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display the relative positions of the electrodes before being

rolled into the jelly roll configuration. The pathway for the current

through the electrode foil in the BYD Blade battery electrodes

is significantly longer than that in the Tesla 4680 battery cell elec-

trodes. The overhang of the separator to the anode is 2 mm for

the Tesla 4680 cell and the BYD Blade cell. The overhangs of

the anode to the cathode are 1 mm for the Tesla 4680 cell and

1 mm for the BYD Blade cell.

Process flow

The manufacturing process flow for each cell was determined

by analyzing the mechanical features and components of the

cell and comparing them with the ideal process flows of pris-

matic and cylindrical cells as proposed by Heimes and Liu

et al.24,25 The process flow for electrode production and cell

assembly for both types of cells is displayed in Figure 6. While

the electrode production for both cells is expected to be
similar, different production steps are utilized in cell assembly.

The key differences include stack/jelly roll building processes

(winding vs. Z-folding), electrode flag contacting, and cell

closing technologies. The Tesla 4680 cell is sealed through

an edge-bending process, whereas the BYD Blade cell re-

quires multiple laser welding steps. Overall, the prismatic

cell requires two more assembly steps. Still, the energy con-

tent per unit assembled is approximately five times higher,

meaning that to achieve the same production output in kWh,

BYD Blade cell production only needs to assemble one-fifth

of the units.

Materials and material costs

To analyze the weight distribution of the cell, each component

was weighed separately. The weight of larger components,

such as the separator sheets, was determined by cutting and

weighting 50 3 50 mm samples and calculating the total
Cell Reports Physical Science 6, 102453, March 19, 2025 5



Figure 4. Pictures of the cells’ internal electrical connection components and contacting technology
(A) BYD Blade cell.

(B) Tesla 4680 cell.
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component weight based on the total component geometry.

Notably, the steel housing of the Tesla 4680 cell constitutes a

significantly larger proportion of the total cell weight compared

to the BYD aluminum housing. However, this weight advantage

is offset by the high substrate foil weight fractions of the BYD

Blade cell, resulting in a similar fractions of active material

weight of approximately 60% for both cells (Figure 7). Thus,

for these cells, the advantage of larger battery cells having a

smaller fraction of passive components is not apparent and

heavily depends on the specific design choices for each cell.

Material costs were estimated by accessing freely available

material prices as of August 2024. Active material prices were

approximated by dividing the material components and sum-

ming up the costs of the weight fractions of each component.

The cost of CAM was determined via the summation of the
6 Cell Reports Physical Science 6, 102453, March 19, 2025
costs of individual components (nickel manganese, cobalt,

and lithium for NMC811 and iron oxide, phosphoric acid, and

lithium for LFP) at the proportions calculated for the cells. For

the anode active material (AAM), a 100% graphite content

was assumed. The material cost per cell was then divided by

the cell’s energy to generate specific comparable V/kWh pri-

ces. The NMC-based CAMs significantly influence cost differ-

entiation due to the high nickel and cobalt prices compared

to iron oxide and phosphoric acid prices. Consequently, at cur-

rent price levels, theV/kWh price of the larger BYD Blade cell is

V10/kWh cheaper, highlighting the cost advantage of LFP bat-

teries (Figure 7). Notably, the AAM cost per kWh for the BYD

Blade cell is higher than that of the Tesla 4680 cell. The reason

for this becomes apparent when the amount of AAM material

per kWh is calculated. The BYD Blade cell relative AAM weighs



Figure 5. Dimensions and relative location of the cell’s electrodes in mm

(A) BYD Blade cell.

(B) Tesla 4680 cell.
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1.35 kg/kWh, and the Tesla 4680 cell relative AAM weighs

1.03 kg/kWh. This means that the Tesla cell utilizes a higher-en-

ergy-density AAMmaterial or lower anode capacity-to-cathode

capacity ratio (NP ratio).

Electrical performance
The cells’ capacity and nominal voltage were measured at C/10

CCCV charging and discharging cycles with a constant voltage

(CV) cutoff at a C/20 current, averaging the charging and dis-

charging capacities of the cells (Table 1). The cells’ efficiency be-

haviors were compared to evaluate the electrical performance of

the cells.

Cell thermal efficiency

To compare the cell thermal efficiency, the cell internal DC

resistance was characterized at 10% step state of charge

(SOC) levels and 10�C, 20�C, and 40�C for both cells. The mea-

surements were carried out according to standard ISO

12405-4.29 The average charging and discharging DC resis-
tances at 1 C are displayed in Figure 8. As is characteristic of

LIBs, the cell resistance increases with lower temperatures for

both cells.30 The Tesla 4680 cell resistance increases at high

SOC values, especially at low temperatures, whereas the

BYD Blade cell resistance decreases with higher SOCs. The

reason for this observation could be an increased charge trans-

fer resistance in and at the surface of the anode due to a high

lithium concentration, as these resistances tend to rise with

increased SOC.31 This needs to be investigated further; a rise

in the total cell resistance at higher SOC is unusual, as the cath-

ode and cathode surface charge transfer decreases with higher

SOCs, offsetting the anode resistance increase.30,31 To

compare the cell’s specific heating behavior, the following for-

mula was used:

heating

volume
=

Iat 1C
2 � Raverage

VCell

;where I = current;

R = internal resistance; and V = volume:
Cell Reports Physical Science 6, 102453, March 19, 2025 7



Figure 6. Tesla 4680 cell and BYD Blade cell assembly sequence proposal

Based on comparing the mechanical teardown analysis to the assembly sequences proposed by Heimes et al.24 and Liu et al.25
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Comparing this specific heating per volume, the Tesla 4680

cell creates around 23 of the heat to be dissipated at a 1 C

load (Figure 8). Thus, when designing a system with the same

power requirements, the cooling needed for the Tesla 4680 cells

must dissipate approximately 23more heat per volume than that

needed for the BYD cell at the same load. Therefore, the LFP

electrode design is more favorable for designing a cooling strat-

egy for fast charging.
8 Cell Reports Physical Science 6, 102453, March 19, 2025
Electrode material investigations
To better understand the cell composition at a material level,

both cells’ positive and negative electrodes were investigated

by scanning electron microscopy (SEM) and thermogravimetric

analysis (TGA). Before any examinations, the electrodes were

washed with dimethyl carbonate (DMC; anhydrous, purity:

99.5%, Sigma-Aldrich) solution three times to remove electrolyte

residues from the surface.



Figure 7. Cell component weight distribution and material cost

(A) BYD Blade cell.

(B) Tesla 4680 cell.

(C) Cell main component material cost 3 total cost without electrolyte and plastic components.26–28

Please cite this article in press as: Gorsch et al., Contrasting a BYD Blade prismatic cell and Tesla 4680 cylindrical cell with a teardown analysis of
design and performance, Cell Reports Physical Science (2025), https://doi.org/10.1016/j.xcrp.2025.102453

Cell Reports Physical Science 6, 102453, March 19, 2025 9

Article
ll

OPEN ACCESS



Figure 8. Average direct current resistance

at 1 C 18 s charging and discharging pulses

at 20�C and volume-specific heating of both

cells at 1 C

(A) BYD Blade cell.

(B) Tesla 4680 cell.

(C) Volume-specific heating of both cells at 1 C.
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Material characterization

SEM analysis allows a deeper look into the electrode

morphology of both cells. In Tables S2 and S3, the element com-

positions of each electrode are listed. No Si or SiOx was found in

the electrodes, andwhile both anodes consist mainly of graphite,

a substantial difference in particle morphology can be observed

in Figure S1A. The primary particles of the BYD cell exhibit a

flake-like structure. In the case of the Tesla anode, these parti-

cles have rounder edges and are bigger than in the BYD elec-

trode. This means that the carbon material used in the BYD

anode will have a higher surface area, suggesting the need for

a higher binder content to maintain a stable network.32

Figure S1B compares the SEM images of both cathodes. The

BYDcell cathode exhibits a distribution of nanometric LFPprimary

particles, someof thembeingaggregated insecondaryparticlesof

a few micrometers. This particle network includes small voids

(pore-like cavities of a size less than 100 nm) and a significant

amount of carbon nanotubes. These nanotubes can improve the

conductivity of the LFP material and act as a binding agent be-
10 Cell Reports Physical Science 6, 102453, March 19, 2025
tween the particles. The Tesla cathode

contains typical NMC spherical polycrys-

talline secondary particles about 10 mm in

size, whose packing forms micrometric

voids. This fits the trend of using polycrys-

talline in nickel-rich cathodes. Although

single-crystal cathodes could have perfor-

mance advantages, they pose challenges

for the material synthetization process.33

At the Tesla cathode’s surface, the calen-

dering process’s effects are clearly visible

since the spherical particles of the outer

surface appear flattened.

Looking at the EDX results (Table S3),

the relative material contents of the BYD

Blade cell cathode reveal a typical LFP

distribution comparable to the distribu-

tion detected by Stock et al. in a different

automotive prismatic battery used by

Tesla for Model 3 in China.22 For the

4680 Tesla cell, a relative distribution of

nickel manganese and cobalt correspon-

dents with an 8:1:1 weight distribution

(Ni, 81.6%; Mn, 6.4%; and Co, 12%),

although the cobalt content is lower

than 10%, confirming the results pro-

vided by Ank et al.7 The high carbon con-

tent on the cathodes detected could be

an indicator for conductive additives as

well as carbon coatings of the material
particle surface. The anode EDX results for both cells

(Table S2) are very similar in carbon contents at roughly 90%.

No silicon dioxide (SiOx) could be detected for either cell’s

anode.

Thermal analysis

Figure 9 displays the TGA performed on the anodes and cath-

odes of the cells. These curves illustrate the thermal stability of

the electrodes. The derivative of the mass loss is plotted with

dashed lines indicating at which temperatures mass loss occurs

so that each peak can be attributed to a specific thermal decom-

position reaction. It is observed that for both anode and cath-

odes, each cell material presents distinctive peaks that differ.

For instance, the BYD anode presents two peaks, which can

be identified with the decomposition of carboxymethyl cellulose

binder (CMC) between 200�C and 300�C and the decomposition

of styrene butadiene rubber (SBR) at temperatures between

300�C and 450�C.34 These may correspond with the usual water

processing of graphite electrodes. However, the Tesla anode

shows mass loss at different temperatures. In this case, two



Figure 9. TGA investigations of anodes and cathodes

(A) Anodes.

(B) Cathodes.

Solid lines: weight loss of the samples; dashed lines: derivative weight of the samples; arrows indicate the corresponding axes.
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different binders can be distinguished. The first mass decrease,

between 300�C and 350�C, may correspond to the chain-split-

ting reaction of polyacrylic acid (PAA) polymer chains. In com-

parison, the weight loss around 450�C would fit the degradation

of PAA polymer chains into monomers.35 The more substantial

peak at about 380�C is consistent with the degradation of poly-

ethylene oxide (PEO).36

In thecaseof thecathodeTGAcurves,a slightmass lossoccurs

for theBYDLFPcathodebetween 400�Cand500�C. The loss can
be attributed to the thermal decomposition of the polyvinylidene

fluoride or polyvinylidene difluoride (PVdF) binder at this temper-

ature range.37 In comparison, the Tesla cathode displays degra-

dation reactions at different temperatures, which would indicate

the presence of other types of binders. For the NMC811 cathode,

a slight mass decrease is observed between 200�C and 300�C
and a steeper one between 300�C and 450�C. These two may

correspond to the decomposition reactions of CMC and SBR.

This would suggest that the Tesla cathode has followed an alter-

native fabrication process that differs from typical PVdF-N-

methyl-2-pyrrolidone-based cathode processing.

This article provides insights into the design and characteris-

tics of state-of-the-art LIBs for automotive applications. The

comparative analysis of the Tesla 4680 cylindrical cell and the

BYD Blade prismatic cell highlighted significant mechanical,

electrical, and material differences that could influence future

cell design iterations.

Key distinctions were observed in internal configurations, with

cylindrical and prismatic cells necessitating different ap-

proaches to electrode contacting. The results showed that laser

welding could be effectively applied in these processes for both

cell formats. Additionally, the material composition of the cells,

including the active materials, electrode structures, and binders,

was analyzed, presenting a basis for future resource and pro-

cess analysis. The findings also contribute to potential enhance-

ments in battery thermal management or efficiency improve-

ments on the cell level, given the differences in internal heating

behaviors between the cells.
This article provides data on these two cells’ material compo-

sitions, process flows, and electrical performances, offering a

base for further research and industry applications. It also raises

questions for future investigations, particularly regarding the

binder formulations observed in Tesla’s 4680 cells, which may

represent an area for further exploration. As both Tesla and

BYD continue to innovate and improve their battery technolo-

gies, the findings of this article will serve as a benchmark for

future developments in automotive battery design.

METHODS

The experiments conducted for the mechanical and electrical

characterization of the cells are presented in this section. Both

cells were electrically characterized utilizing the AMETEK

SI-9300R Battery Analyzer and tested within a Weisstechnik

climate chamber, only controlling temperature for the tests.

The electrical contacting units were designed with more than a

1.53 current safety factor for the contacting components. All

measurements were conducted using four-point sensing (sepa-

ration of sense and power cables) using shielded cables. The

cells were dismantled using mechanical tools and visually and

geometrically inspected within an argon environment MBraun

glovebox. To open the Tesla 4680 cell, a Dremel with a diamond

disc was used, and the cut wasmade right at the top and bottom

edges of the cell can. The BYDBlade cell was opened at multiple

incision points using pliers. The cells were discharged to 0%

SOC before disassembly with a CCCV 0.1 C discharge proced-

ure utilizing the AMETEK SI-9300R Battery Analyzer. Electrode

probes were taken and sealed into pouch foils under an argon

environment for later material analysis. All electrode probes

were cut out with a ceramic knife or ceramic scissors. To avoid

particle contamination of the electrode samples, samples were

only cut out from inner electrode sections.

The electrodes’ particle morphology and surface topography

were investigated via SEM (Carl Zeiss AURIGA). An acceleration

voltage of 3 kV was used for surface analysis and 15–20 kV for
Cell Reports Physical Science 6, 102453, March 19, 2025 11
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EDX analysis. EDX was performed using an X-max 80 mm2 de-

tector, and the data were evaluated with INCA software (Oxford

Instruments).

TGA was performed using an SDT IR Q500 from TA Instru-

ments. 5 mm samples were punched and transferred to a

platinum pan. The temperature was equilibrated at 30�C for

40 min in an isothermal step with a helium balance flow rate of

30 mL min�1 and a mass flow of 10 mL min�1. Measurements

were performed with a heating rate of 5 K min�1 up to 500�C.
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