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IONTRA RESULTS 
OVERVIEW
In the past 3 years, Iontra has collected well over 
1 million cycles of battery data in experiments 
using 30+ unique lithium ion and metal cell 
types manufactured by 5 global battery OEMs 
as well as several emerging OEMs.  This rich 
accumulation of knowledge has and continues 
to enable breakthrough methodology and 
continuous improvement in the two functions of 
Iontra’s Pathfinder charging algorithm: battery 
charging and battery characterization.  These 
two functions work harmoniously to deliver 
charging performance for our customers that far 
exceeds their current best performance.

Furthermore, independent validation studies 
performed by Underwriter’s Laboratory (UL), 
Novonix, University of Michigan, and National 
Renewal Energy Laboratory (NREL) have 
corroborated our performance improvements*. 
The following sections present results obtained 
in collaboration with industry leading OEM’s 
in EVs, mobile devices and power tools. Depth 
is emphasized in this report over breadth, 
and, therefore, only a handful of cells within 
Iontra’s battery portfolio are presented. 
However, as shown in Figure 1, the performance 
improvements both in cycle life and charge time 
discussed in this report are typical for many of 
the cells tested by Iontra.

The following section presents results acquired 
in collaboration with a well-known EV OEM 
where the OEM was interested in improving its 
fast charge protocol on a cylindrical cell.

Project Objectives:

The primary goal of this collaboration was 
to demonstrate the effectiveness of Iontra’s 
charging platform toward increasing the charge 
rate of a high-capacity (3500 mAh) lithium-ion 
cylindrical 18650 cell designed primarily for 
EVs. The test plan agreed upon by the EV OEM 
and Iontra was designed to show a decrease in 
charge time that an EV end-user would see using 
Iontra charging compared to the conventional 
charging. 

The following test details were agreed upon by 
the EV OEM and Iontra.

Demonstrate fastest charge possible under the 
following conditions:

1. Charge Δ70%SOC starting from 0%SOC (min)
2. Maintain 2.415 Ah (70% of nominal capacity) 

for 500 cycles.
3. Discharge rate of C/2 to 2.5V (CC) 
4. 30°C (86°F) ambient temperature  

It is worth noting that the EV OEM’s own internal 
fast charge testing is performed at 35°C. 

However, both Iontra and EV OEM agreed on a 
scientific basis that a lower ambient temperature 
makes fast charging more challenging and fast 
charge results more significant.  
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Case study 1: Cell Performance 
for EV Applications 

Molicel M35A cylinder cell

Figure 1: Iontra performance compared to conventional 
charging * Validation reports can be provided upon request
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Results Summary:  

Iontra concluded that its technology enables 
500 lifetime cycles fast charging 70% SOC of the 
M35A cell within 30-35 minutes while retaining 
> 70% of the cell’s full capacity throughout its 
lifetime. Performance using Iontra’s charge 
protocol is compared to two other baselines: 

1. A multi-step conventional charging protocol 
that mimics Iontra’s step charge in terms of 
current and voltage 

2. A single step conventional charging protocol 
that follows the specified currents and 
voltages according to the official M35A 
specification sheet 

It is important to distinguish that although Iontra 
also used multi-step charging concepts while 
charging the M35A, the competitive advantage of 
Iontra technology lies in its fundamental charge 
delivery mechanism which is vastly different 
than that of conventional charging. The use 
of multi-step charging enhances performance 
while charging the M35A by taking advantage of 
its design. 

Electrochemical analyses including 
electrochemical impedance spectroscopy (EIS) 
and incremental capacity analysis (ICA) were 
used to assess the extent of degradation of the 
cell and were supplemented by SEM images of 
the anode after teardown. EIS shows minimal 
changes in the SEI resistance indicating that the 
Iontra charging protocol prevents long-term SEI 
growth which is common on silicon containing 
anodes. SEM imaging shows only minimal anode 
degradation, and minimal to no lithium plating 
was observed.

The large improvements in charge rate while 
maintaining the cycle life of the cell proves the 
competitive advantage of Iontra technology. The 
electrochemical and teardown analyses further 
confirms that the Iontra charging protocol 
mitigates and minimizes the adverse effects of 
a silicon containing anode while maximizing its 
benefits. The combination of fast charge and 
suppressed cell degradation leading to long 
useable cycle life makes an Iontra charged M35A 
cell a prime candidate for EV applications. 

Comparison of Iontra vs Conventional Charging 
Performance:

Three stages of study were performed across 
~ 100 cells to arrive at the performance results 
described below. These stages of studies 
performed consecutively result in optimized 
recipes that specify the most appropriate Iontra-
specific control parameters to achieve the 
specific performance goals for this particular 
cell.  The current and voltage profiles of two 
optimized Iontra recipes within a single charge 
cycle are shown below and compared with two 
baseline control experiments.
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All profiles shown above are the 5th charge 
cycle of each experiment starting from a fresh 
uncycled cell. The 5th cycle is conventionally 
selected by Iontra to represent the performance 
of a fresh cell that has also undergone some 
formation cycles. All experiments are performed 
in an ambient temperature of ~ 30 °C (86°F) with 
charge voltage limit of 4.22V. The following is a 
brief description of each profile: 

• Iontra 1: 2 step current profile using Iontra 
charging 

• Iontra 2: 4 step current profile using Iontra 
charging 

• Control 1: 2 step current profile mimicking 
Iontra 1 but using conventional charging 

• Control 2: 1 step current profile using at 
M35A spec. sheet current using conventional 
charging 

Both Iontra 1 and 2 charge protocols achieve 
sub-35-minute charging by maintaining a 
high current (1.5-2C) for at least half of the 
charge time and reducing the current to about 
0.75C. The use of multi- current step profiles is 
commonly performed in conventional charging 
as well, to decelerate the voltage rise in the cell 
during charging. The voltage curves in both 
Iontra 1 and Iontra 2 protocols show ~ 4.1V 
at charge completion, well short of the 4.22V 
limit. However, when the same current step 
profile was applied to conventional charging, 
the comparable benefits were not observed.  
The profile in Control 1 attempts to mimic that 
of Iontra 1 but is unable to do so as the voltage 
rise is significantly quicker using conventional 
charging. 

Figure 2. Voltage and Current profiles of the four charging protocols taken at cycle 5

iontra
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The cell charged by Control 1 maintains the 
same charge current (5.3A) for only ~ 15 
minutes (1325 mAh charged) before reaching the 
4.22V limit. This result is expected since Iontra’s 
process is adaptive to changes in the cell as 
opposed to a constant mode of operation. 

For Iontra 1, the same 5.3A current is maintained 
for 24 minutes (2000 mAh charged) and the 
voltage at the conclusion of the charge step is 
only ~ 4V. This stark difference in performance 
between Iontra 1 and Control 1 highlights the 
efficiency of Iontra charging by delivering current 
that mechanistically minimizes resistance rise in 
the cell.

Similarly, superior performance is observed in 
the more complex 4-step current profile of Iontra 
2 where the initial current is 6.6A which is nearly 
4x the M35A specification sheet current of 1.7A. 
These more complex profiles offer opportunities 
for tailored burst charging without compromising 
cycle life. Iontra 2‘s more aggressive burst 
profile in practice would charge nearly 33% of the 
entire electric vehicle’s range in 10 minutes or 
44% of the fast charge range. The graph below 
compares the time required to complete a partial 
or full fast charge (70% ΔSOC) for all four profiles 
presented.

Despite its comparable performance at 
50% and 80% charge, Control 1’s protocol is 
unsustainable with subsequent cycles (results 
in next section). The voltage of the cell running 
Control 1 is at its voltage limit of 4.22V for over 
50% of the total charge time, which typically 
accelerates the degradation of the cell.  Its 
performance degrades more rapidly than the 
Iontra cycled cell and reached the test’s EOL 
condition in only 150 cycles.  In contrast, both 
Iontra 1 and Iontra 2 shows the voltage of the 
cell is under 4V for 60% of the charge time and 
reaches a maximum voltage of only ~4.1V. The 
lower average voltage throughout a charge cycle 
helps maintain the health of the cell despite the 
aggressive charge rate. 

Evolution of Charge Performance with Cycle Life:  

The degradation of the M35A cell can be 
investigated by comparing the current, voltage, 
temperature, and capacity curves at various 
cycles throughout its cycle life. The cycle 
performance of cells using Iontra 1, Iontra 2, 
and Control 1 are shown at 5, 150, 300, and 450 
cycles (Figure 4). As stated previously, cycle 
5’s performance is used as the representation 
for that of a fresh cell. As the M35A cell ages 
with extended cycling, the resistance rise 
in the cell during charge will be accelerated 
which requires higher voltage to maintain the 
specified currents in the charge profiles of Iontra 
1 and Iontra 2. This aging effect, as explained 
by thermodynamic irreversibility and entropy 
rise, exists regardless of whether an Iontra or 
conventional charge protocol is used. However, 
Iontra’s more efficient charging slows the onset 
and growth of this degradation effect, in addition 
to achieving faster charge times as discussed 
previously.Figure 3. Charge times to reach 50%, 80%, and 100% of 

the M35A fast charge range for each of the four charging 
protocols
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In a real application, user experience is most 
affected when charge time increases. The most 
common way this occurs is if the cell’s charging 
voltage reaches the voltage limit. When that 
occurs, the current becomes voltage limited 
and must decrease as charging continues. This 
ultimately manifests as an increased charge 
time. Because the fast charge protocol only 
charges 70% of the cell’s capacity, a fresh cell 
(cycle 5 in Figure 4) using Iontra charge only 
reaches ~ 4V at the end of charging and leaves 
~ 0.2V for resistance rise due to aging. As 
discussed previously, this is a stark contrast 
from Control 1 performance which reaches the 
voltage limit in the middle of Cycle 5. Whereas 
Iontra 1 and Iontra 2 allows for growth in overall 
voltage rise without limiting the current for 
hundreds of subsequent cycles, Control 1 will 
see its voltage limit reached sooner with each 
additional cycle and throttle the current earlier in 
the cycle. 

The results show that a hypothetical user 
charging the M35A battery pack in their EV using 
Iontra 1 would enjoy nearly identical fast charge 
time (34 to 35 mins) for more than 90% of the 
battery’s life – equivalent to more than 9 years 
of usage. Similarly, a user using Iontra 2 would 
see nearly identical charge times for more than 
60% of the battery’s life. The increased upfront 
current used for Iontra 2’s more aggressive 
burst charge profile ultimately causes some 
performance loss near the end of the cell’s life. 
However, near the end of life, users of Iontra 2 
would still be able to burst charge at least 75% 
of the total fast charge range in identical time 
as they did on day one of owning their EV. The 
benefits of Iontra’s adaptive charging process 
over standard charging only improves under real 
world conditions in which cells don’t have the 
benefit of controlled environmental and testing 
conditions.
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Finally, in all cases across the cycle life, the 
temperature of the cells throughout the charge 
do not exceed the 60 °C (140°C) specified 
operating limit of the M35A. Both Iontra 1 and 
Iontra 2 protocols reach no higher than 55 °C and 
in most cases show a max temperature of 50 °C 
or under. The ambient temperature at the start 
of both Iontra cycling experiments was close 
to 35 °C (Cycle 5) but quickly dropped to 30 °C 
(Cycle 150 and beyond) for most of the cycling 
experiments. Due to a difference in control cycler 
location, the ambient temperature was 5 °C lower 
than the Iontra cycled cells. This decreased 
ambient temperature could cause slightly slower 
charge times; however, should allow for slightly 
longer cycle life. This difference in temperature is 
too minimal to account for the >45% reduction in 
charge time.
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Figure 4. Plots of intracycle data at 5, 150, 300, and 450 
cycles for Iontra 1, Iontra 2, and Control 1.

iontra

Confidential and proprietary information, for intended recipient use only - Iontra Inc © 2022 



After extended cycling, the semicircles for the 
SEI resistance and charge transfer resistance 
separate and become more pronounced which 
indicates a rise in impedance. The circuit model 
fit coefficients for the resistances are presented 
in the table in Figure 5 below (Information 
about the circuit model fitting of the EIS data is 
provided in the Appendix). Very minimal increase 
in SEI resistance was observed which indicates 
the integrity of the SEI layer was maintained. 
Typically, some cracking of the SEI layer is seen 
for silicon composite anodes due to expanding 
silicon particles which causes degradation of the 
cell by allowing fresh SEI to deposit during every 
cycle. The minimal change in SEI resistance 
shows that, despite aggressive charge 
conditions, Iontra charging still minimized 
unwanted SEI growth and prevented significant 
loss of electrolyte to SEI formation. In contrast, 
EIS measurements did show an increase in 
charge transfer resistances which indicates 
electrodes may be beginning to wear and may 
possess some non-ideal surface structures 
for transporting charge. However, SEM images 
collected on Iontra 1 and Iontra 2 (discussed 
later in the report) show that this degradation is 
not extensive, and the electrode surfaces are still 
largely active.
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Results and Correlations of Potentiostat-based 
Analysis, EIS, and ICA:  

A distinguishing aspect of the M35A cell 
compared to other cylindrical cells is its high 
silicon loading. The larger amount of lithium 
storage provided by silicon creates an increased 
energy density at the expense of silicon’s 
volume expansion decreasing the cycle life 
of the cell.  The continued volume expansion 
and contraction of silicon during lithiation 
and delithiation causes cracking of the silicon 
particles and loss of active material. Additionally, 
the SEI layer will fracture with the particle and 
result in continued fresh SEI deposition over 
the anode. Overtime, the buildup of SEI will 
increase cell resistance leading to capacity fade; 
as well as loss of electrolyte causing increase 
cell resistance and accelerated voltage rise. 
The following section describes Iontra’s use 
of destructive and non-destructive testing to 
analyze the effects of silicon on the performance 
and cycle life of the M35A cell.

Iontra used EIS to obtain information about the 
resistance of the cell related to the SEI layer, the 
charge transfer resistance, and their evolution 
with extended cycling. Typically, a measured 
increase in the SEI resistance over cycling 
indicates excessive buildup of SEI, whereas 
changes in the charge transfer resistance 
indicates possible degradation of the electrode 
surface that hinders the transfer of charge with 
the electrolyte. Figure 5 shows the EIS results 
of a fresh cell compared to the cells charged by 
Iontra 1 and Iontra 2 as described in the previous 
section. Overlapping semicircles can be used 
to describe the resistance attributed to the SEI 
layer (left semicircle) and the charge transfer 
resistance (right semicircle). For the fresh cell, 
the two semicircles are highly convoluted due to 
the low overall impedance.

Figure 5. EIS results from a Fresh M35A cell and after 
Iontra 1 and Iontra 2 protocol charging.
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In addition to EIS, Iontra performed ICA to 
understand the electrodes in the cell as they 
undergo lithiation and delithiation. Figure 6 
shows a reference ICA spectrum collected from 
a fresh M35A cell using a slow C/20 charge and 
discharge. The charge and discharge curves 
are shown in green and blue, respectively. 
Conventionally, the charge curve is used while 
analyzing ICA results because there is more 
direct control over the lithiation of the cell. This 
results in more accurate and consistent peak 
positions and intensities.

The peaks visible in Figure 6 correlate to a 
graphite/silicon composite anode and a Ni-rich 
NMC cathode as seen in literature (references 
in Appendix). Anode lithiation processes occur 
at lower potentials, therefore peak (I) marks the 
conversion of the silicon portion of the anode 
and peak (II) marks the phase transformation of 
the graphite portion of the anode.  The remaining 
three peaks relate to various crystal structure 
changes within the Ni-rich NMC cathode during 
continued lithiation: 

• Peak (III) is the transition from the first 
hexagonal phase of NMC (H1) to the 
monoclinic phase (M) 

• Peak (IV) is the transition from monoclinic to 
the second hexagonal phase (H2)

• Peak (V) is the final transition from the 
second to third hexagonal phase (H3) 

The H2 and H3 phases of NMC are typically only 
accessed by Ni-rich NMC or by lower Ni content 
NMC at high potential > 4.5V. With the transitions 
occurring at < 4.2V, it can be concluded that a Ni-
rich phase of NMC is utilized in the M35A cell.
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The comparison of the ICA data for a fresh and 
used cell is presented in Figure 7. Compared to 
a fresh cell, the cycled cell shows differences in 
both peak position and intensity. Only a small 
shift in potential is observed for the silicon peak 
(I) indicating there is minimal overpotential rise 
for the lithiation of silicon and is consistent with 
the EIS measurements which showed a lack 
of SEI buildup. However, compared to all other 
peaks, the silicon peak (I) intensity also fades the 
largest. This fade is likely due to the deformation 
of the silicon surface caused by the continuous 
expansion and contraction during extended 
cycling. This conclusion is corroborated by 
the EIS charge transfer increase and by the 
increased surface roughness of the silicon 
particles in the SEM images presented later in 
the report.

The graphite peak (II) shows both shifts in 
peak position and fade in peak intensity which 
indicates general degradation of the anode over 
extended cycling. The three Ni-rich NMC peaks 
indicate some degradation of the cathode, but 
less significant relative to the anode peaks. The 
first structure transition represented by peak (III) 
loses most of its intensity and shifts to higher 
potentials. This suggests that the H1 crystal 
phase may not be accessed fully after cycling 
and that instead the cathode resides mainly in 
the other three phases.

Figure 6. EIS results ICA Reference Data from a Slow 
C/20 Charge and Discharge
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This assessment is further supported by little 
to no change in peak (IV), and the negative 
potential shift of peak (V) meaning the M to H2 
transition is highly reversible and the H2 to H3 
transition can be accessed easier after cycling. 
This is promising for the life of the cell, as Ni-rich 
NMC materials often degrade quicker without 
the stabilizing effects of the higher Co and Mn 
contents. Overall, the state of health of the 
cycled cells is less than the fresh cell but does 
not indicate an imminent cell failure.
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Figure 7. ICA curves comparing a fresh uncycled cell, 490 cycles of Iontra 1 protocol, and 500 
cycles of Iontra 2 protocol. Quantification of the 5 peaks is provided for the change in voltage 

(peak shift) and decay in peak intensity (peak fade)
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Teardown Analysis of Cells:  

A fresh uncycled cell and a cell cycled 490 times 
utilizing the Iontra charging process were torn 
down to better analyze the aging of the anode 
and any possible lithium plating. This small cell 
set does not provide a comprehensive analysis, 
but instead is intended to offer insights that 
were not discernable from other data in this 
report. Teardown Analysis of Cells SEM images 
were collected from multiple regions from both 
the exterior facing and interior facing portion of 
the anode at different spots along the length of 
the roll. These images provide direct evidence 
of the extent of anode degradation and lithium 
plating. The set of images in Figure 8 compare 
the fresh M35A cell to the best, typical, and 
worst regions observed on the ~500 cycled cell. 
This set of images is presented to represent the 
whole of the cycled cell for better understanding 
of the extent of degradation and lithium plating 
throughout the cell.

In the fresh M35A cell, the mostly spherical 
darker graphite particles can be visually 
separated from the brighter nonuniform silicon 
particles. The identity of the particles was 
also confirmed by energy dispersive X-ray 
spectroscopy. The even distribution of the two 
particles indicates a thorough mix of particles 
throughout the anode, which is important for the 
cycle life of the cell. After 500 cycles, the best 
regions of the cell look completely unchanged. 
Minimal fracturing of either the graphite or 
silicon particles and a lack of lithium plating 
is observed. This type of minimal degradation 
was observed throughout the cell with a higher 
proportion of similar images toward the exterior 
of the jelly roll.

Figure 8. SEM and EDS images from a fresh uncycled cell 
and a cell running Iontra 1 protocol after 490 cycles. EDS 

quantification is also provided

The largest fraction of images taken looked like 
the images labeled typical regions. Roughening 
of the silicon particles indicates some fracturing 
and degradation which is to be expected due 
to the large volume expansion observed upon 
lithiation of silicon. Several of the graphite 
particles also indicate defoliation, which is 
not directly harmful to the cell, but can lead to 
orphaning and loss of anode active material. 
There are a few locations on the image that show 
a thin amorphous layer which is likely planer 
depositions of lithium metal. Although small 
amounts of lithium deposition are observed, the 
plated lithium does not form dendritic or vertical 
growths which are responsible for cell shorting 
and failure. These types of planer lithium 
deposits also are less energetic during charging 
and do not lead to the continuous lithium growth 
typically observed with dendrites.
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The worst regions image was collected from 
the interior most portion of the cell and similar 
images were only seen close to the center of 
the jelly roll. Compared to the typical regions, 
slightly more roughening of the silicon and 
graphite particles is observed indicating further 
degradation of the anode in these regions. 
Additionally, the extent of lithium plating has 
increased. However, even in these most plated 
regions, full coverage of the anode is not 
achieved, and vertical dendritic growth does not 
occur. The observed lithium plating in its current 
state is not at risk of puncturing the membrane 
or shorting the cell.
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Figure 9 provides intermediate charge 
times when cycling to full charge, as well as 
performance improvements when cycling to a 
maximum partial state of charge. The latter is 
synonymous to the Δ70% SOC M35A results 
presented earlier in this report. Depending on EV 
application (fast charge/standard charge/mixed 
behavior), energy cells across the 40T, 50E and 
the M35A cells, Iontra can deliver between 30 
to 60% decrease in total charge time while still 
maintaining or improved the cycle life of the cell 
relative to baseline.

Samsung SDI 50E cyclindrical 
cell for EV applications

Figure 9. Intermediate charging times to various SOCs and to 
Max SOC values for the SDI 50E, 40T, 30T, and 25R cells

In addition to power tool applications, the SDI 
50E has been utilized by Iontra as an example 
energy cell for potential EV applications. Similar 
to the M35A Molicel in Case Study 1, the project 
objectives were to demonstrate the effectiveness 
of Iontra’s Charging platform toward increasing 
the charge rate of the 4900 mAh 2170 50E 
cylindrical cell. The conditions were to 
charge Δ70%SOC starting from 0%SOC with a 
discharge rate of 0.67C while cycling at 30°C 
(86°F) ambient temperature. Iontra charging 
was compared against a conventional CC-CV 
charged cell targeting a 31-minute charge time. 
This is an ongoing case study and as such the 
Iontra charged cells have not yet reached 300 
cycles. Preliminary data is presented and shows 
compelling improvements over the control 
cycled cells. 

Using the rated charge current from the SDI 50E 
specifications sheet, a 70% charge from 0%SOC 
takes 84 minutes. Using the Iontra charging 
protocol, this charge time was decreased to 32 
minutes, a 62% reduction in charge time. For 
a more direct comparison, control cycling was 
performed targeting 32 minutes. Current cycle 
life analysis of the Iontra charging protocol, 
and control charging protocol are presented in 
Figure 12. Over the duration of >370 cycles, the 
Iontra charged cell maintains a constant charge 
time of 32 minutes, and a constant discharge 
capacity of 3500 mAh. Alternatively, at cycle 
70, the control charged cell starts to increase in 
charge time and at cycle 90 the capacity starts 
to fade. By cycle 110, the control charged cell 
reached an end-of-life criterion by exceeding a 
cell temperature safety limit of 60°C. This data 
shows that utilizing the Iontra charging protocol 
drastically enhanced the charge rate over 
specifications, and the cycle life is far superior to 
that of a cell cycled at a comparable charge rate. 
Additionally, these results were achieved while 
maintaining a cell temperature of less than 42°C.



Figure 10: Discharge capacity and Charge time for cells 
charged with the Iontra protocol and control protocol

The degradation of the 50E cell can be 
investigated by comparing the current and 
voltage curves at various cycles through its 
cycle life. The cycling performance of the Iontra 
charged cell and control charged cells are shown 
in Figure 11 at 5, 100, and 250 cycles (where 
applicable). As stated previously, cycle 5 is used 
to represent a fresh cell. During extended cycling, 
resistance rise within the cell occurs requiring 
higher voltages to maintain the desired currents. 
As expected, this is observed for both charging 
protocols. For the Iontra cycled cell, a minimal 
cell rise occurs over the course of 250 cycles. At 
250 cycles, the final voltage remains less than 
the voltage limit allowing the cell to maintain a 
constant charge time. 

Additionally, since electrode and electrolyte 
degradation occurs most readily at high voltage, 
by remaining below the voltage limit for the 
entire charge cycle, the extent of degradation 
within the cell is minimized. The control cycled 
cell demonstrates several distinct differences 
from that of the Iontra cycled cell. Firstly, at the 
end of charge, the fresh control cell is 70 mV 
higher than that of the Iontra cycled cell. Prior to 
cycle 100, the voltage limit was reached before 
the end of charge resulting in a CV period for 
several minutes. The higher voltage and CV 
period result in an increase in charge time, as 
well as increased degradation of the cell. This 
is likely responsible for the short cycle life of 
control cycled cell.

Figure 11: Voltage and current profiles for an Iontra cycled cell and control 
cycled cell at various cycle counts

14
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Summary of Performance Improvement:

The two case studies above provide extensive 
results for the M35A Molicel cylinder cell and 
an ATL pouch cell. Iontra has also achieved 
comparable results for numerous other cells. 
Samsung SDI produces a variety of cylinder 
cells that are highly applicable to a variety of 
applications including power tools, appliances, 
and electric vehicles. Similar to the results 
presented previously, Iontra is achieving 
compelling charging performance with these 
cells as compared with conventional charging 
results. These cells broaden Iontra’s portfolio 
showing improvements across a variety of 
cell types. The performance of four cylindrical 
cells, SDI 50E, 40T, 30T, and 25R, are shown in 
Figure 20 and are compared to the fastest OEM 
specified charging rates. The 2170 50E, 40T, and 
30T cells have a rated capacity of nearly 5Ah, 
4Ah, and 3Ah respectively, and the 18650 25R 
cell has a rated capacity of 2.5Ah. Additionally, 
Figure 21 shows a comparison of a power tool 
OEM’s cycle life requirements to Iontra cycle life 
when using Iontra’s improved charging rates. 
Even though Iontra charging provides a greater 
than 50% reduction in charge time for all four 
cells, the state of health of the cells at 500 cycles 
is the same or better than the OEM specified 
cycle life expectations. This shows how Iontra 
charging enables enhancements in both charge 
time and cycle life simultaneously. 

Case Study 2: Samsung SDI 
cells (Power Tool Application):

Figure 12. Comparison of Iontra to fastest spec charge rate 
for the SDI 50E, 40T, 30T, and 25R cells

Figure 13. State of health comparison at 500 cycles for 
Iontra and fastest spec charge rate for the SDI 50E, 40T, 30T, 

and 25R cells, at the same charge times as Figure 11-5

The improvements to the charge time can 
be further improved through the use of burst 
charging protocols. With rapid charging at early 
stages of the charge cycle, partial charges can 
be achieved in shorter periods of time. Figure 
21 provides intermediate charge times when 
cycling to full charge, as well as performance 
improvements when cycling to a maximum 
partial state of charge. The latter is synonymous 
to the Δ70% SOC M35A results presented earlier 
in this report. Depending on EV application (fast 
charge/standard charge/mixed behavior), energy 
cells across the 40T, 50E and the M35A cells, 
Iontra can deliver between 30 to 60% decrease 
in total charge time while still maintaining or 
improved the cycle life of the cell relative to 
baseline.
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