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Fast Charging of Li-Ion Cells: Part III. Relaxation Dynamics and
Trap-Controlled Lithium Ion Transport
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Fast charging of Li-ion batteries would ease consumer concerns regarding refueling time of electric vehicles. In this series of articles,
we are systematically examining the effects of high currents flowing through the cell. Here we consider open-circuit relaxation
dynamics for cell voltage and individual electrode potentials after abrupt termination of steady-state charging currents (1-6C) or short
current pulses (< 30 s) of either polarity (to 16C). We demonstrate that dispersive kinetics observed after these current perturbations
become faster for higher currents applied before the rest period. Our observations indicate that the voltage relaxation behaviors (i)
depend on the current during charge, and less so on the state of charge, (ii) display universal stretched-exponential kinetics, (iii) can
be induced by a short current pulse, (iv) require a minimum amount of charge transfer during the pulse, and (v) originate mainly
from the oxide cathode. Trap controlled Li+ ion transport through a partially disordered oxygen-depleted subsurface layer in the
cathode is suggested as a possible origin for the relaxation behavior. The slow multidecadal responses to high currents can cause the
nonlinearities observed during rapid charging of the electrochemical cells, reported in Part 2 of this series.
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In Parts 11 and 22 of this study microprobe reference electrodes
were used to characterize lithium ion cells charged at high rates (1-
6C, where a rate of 1C corresponds to full discharge in 1 h). These cells
contained graphite anodes and transition metal (TM) oxide cathodes
whose potentials were measured independently. The charging was ter-
minated either when a set upper cutoff voltage (UCV) was reached
(this is referred to as voltage-limited charging) or a set capacity (or,
equivalently, state-of-charge, SOC) was reached (this is referred to as
capacity-limited charging). The effects of polarization caused by the
strong currents were examined with particular attention to Li plating
that occurs in such cells due to close proximity of graphite lithiation
and Li plating potentials.3,4

While these studies reveal many interesting behaviors, they did not
fully address the temporal response of a Li-ion cell to current pertur-
bations. Such time responses, as we demonstrate here, have both fast
(<102 s) and slow components (∼103-104 s), thus extending through
typical charging periods for Li-ion batteries. Our interest in these tran-
sient phenomena stems from practical concerns. When charging time is
not a limiting factor, Li-ion cells can be charged using simple constant
current and/or constant current - constant voltage regimes. However,
for shorter charging times (and thus higher average rates), pulsed and
multi-staged protocols can potentially be less damaging to the cell,5,6

bringing transient behaviors to the fore. These transient phenomena
also determine limiting rates of charging and discharging during brak-
ing and acceleration of electric cars. Equally important is to consider
how such phenomena affect the time-dependency of the open circuit
voltage (OCV), as the effective control of battery packs rely on SOC
estimations entirely based on known OCV values.7

In this study we focus on the voltage relaxation dynamics observed
after abrupt stopping of the current flow. The resulting kinetics are
bimodal and their slow components are dispersive (meaning a con-
tinuum of characteristic times).8 Our main finding is that the decay
rates for the slow component strongly depend on the current applied
to the cell before the Li+ ion flow is stopped. In contrast, these ki-
netics weakly depend on the state-of-charge and current polarity. We
suggest that the salient features of these kinetics are consistent with
trap-controlled transport of Li+ ions through a disordered or micro-
heterogeneous medium, and we tentatively identify the latter with the
oxygen-depleted subsurface region of the cathode.

Additional tables and figures are provided as Supporting Infor-
mation (SI). When referenced in the main text, these materials have
the designator “S”, as in Figure S1. The SI also gives the full list of
abbreviations used in the text.
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Experimental

The composition and assembly of full-cells were discussed in Part
1 of this series;1 the list of materials is given in Table I. All cells in
this study included a NCM523 cathode (Li1.03(Ni0.5Co0.2Mn0.3)0.97O2),
and graphite (cell I) or spinel lithium titanium oxide (LTO, in cell II)
anode. Both cells contained the standard “Gen2” electrolyte (1.2 M
LiPF6 in a mixed carbonate solvent) and two Celgard 2325 separators.
The conversion of electric currents to C-rates is given in Table I for
each type of cell; positive direction (charging) corresponds to delithi-
ation of the cathode and lithiation of the anode. The cells (20.3 cm2

electrode area) were also equipped with a reference electrode (RE),
which was a 25 μm thick insulated Cu wire with an electrochemi-
cally lithiated tip (2 mm); this electrode was introduced in Part 1 of
this series.1 This microprobe was placed at the center of the electrode
stack and sandwiched between two microporous separators. All tests
were conducted at 30°C using a MACCOR Model 2300 cycler. Aux-
iliary channels of this cycler were used to acquire the anode (φa) and
cathode (φc) potentials at a maximum sampling rate of 5 Hz; the cell
voltage U = φc-φa was digitized at a higher rate of 100 Hz.

All measurements were conducted on cells conditioned after two
formation cycles at C/10 followed by a capacity measurement at a
C/25 rate (defined as 100% SOC). Several cells were examined during
the course of this study; only representative data from the various tests
are shown in this article. During voltage-limited charging, the graphite
cell was cycled at a constant rate between 3.0 V (lower cutoff voltage,
LCV) and 4.39 V (UCV). For the LTO-containing cell, the LCV and
UCV limits were 1.55 V and 2.92 V, respectively. After reaching the
UCV, the cells were allowed to rest for >1 h at open circuit (see
below). This rest was followed by an additional charge to the UCV
at a slower C/5 rate, so the total charge capacity could be registered.
During capacity-limited tests, the graphite cell was charged to a set
capacity at a constant rate, followed by the rest step. In each case, the
cell was exposed to cycles with progressively increasing current from
low C-rates (C/5) to high C-rates (6C). Discharge was always carried
out at C/5, followed by a potentiostatic hold at the LCV until the
measured current was below C/25. During rest periods, the electrode
potentials were acquired on a fixed pseudo-logarithmic time scale to
facilitate numerical separation of kinetic components.

For studies of cell response to current pulses, cells were first
charged at a C/10 rate to the specified voltage, followed by a po-
tentiostatic hold for 1 h. Single or hybrid current pulses with duration
τ = 0.2-30 s and the C-rate up to 16C were used as shown in Figure S1.
The anode and cathode potentials (φa and φc) and full-cell voltage (U)
were independently logged during and after these pulses. In the hybrid
mode, the sequence included two equal pulses of opposite polarity. At
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Table I. Materials and selected properties for electrodes in Cells I and II.

Positive Electrode, area 20.3 cm2 Negative Electrode, area 20.3 cm2

Cell I, 1C = 30.76 mA

90 wt% NCM523 (Toda) 91.8 wt% CGP-A12 graphite (ConocoPhillips)
5 wt% C45 (Timcal) 2 wt% C45 (Timcal) + 0.17 wt% oxalic acid
5 wt% PVdF binder (Solvay 5130) 6 wt% PVdF binder (KF-9300 Kureha)
9.64 mg/cm2 loading density - coating 5.76 mg/cm2 loading density - coating
8.67 mg/cm2 loading density - active/oxide 5.29 mg/cm2 loading density - active/graphite
33.5% electrode porosity 38.4% electrode porosity
34-μm-thick composite coating 44-μm-thick composite coating
20-μm-thick Al current collector 10-μm-thick Cu current collector

Cell II, 1C = 29.7 mA

90 wt% NCM523 (Toda) 87 wt% LTO (Samsung)
5 wt% C45 (Timcal) 5 wt% C45 (Timcal)
5 wt% PVdF binder (Solvay 5130) 8 wt% PVdF binder (KF-9300 Kureha)
9.41 mg/cm2 loading density - coating 14.61 mg/cm2 loading density - coating
8.49 mg/cm2 loading density - active/oxide 12.71 mg/cm2 loading density - active/oxide
33.5% electrode porosity 55.6% electrode porosity
34-μm-thick composite coating 102-μm-thick composite coating
20-μm-thick Al current collector 20-μm-thick Al current collector

the rising and falling edges the potentials change faster than our time
resolution (this discontinuity is referred to as the ohmic drop); this
abrupt change is followed by a slower response with a time constant
of tens of seconds (Figure S1), similar in behavior and magnitude to
the “fast” time constants discussed later in this study.

Results

Switching off constant charging currents.—Figure 1a shows a
set of relaxation kinetics U (t ) for voltages observed after galvanos-
tatic charging of a NCM523//graphite full-cell to a UCV of 4.39 V
at varying rates. Comparing curves of different rates, two behaviors
stand out. First, the starting voltage (at t = 0) is progressively lower
at increasing rates, due to the ohmic drop. At higher charging rates,
the UCV is achieved at a lower SOC due to increasing polarization of
the cell,1 causing the cell to relax to a lower voltage. Second, the ini-
tial relaxation (< 2 min) comprises an increasingly greater fraction of
voltage change when the cell is charged at higher rates. After the ini-
tial decay, the cell voltage continues to decrease over several decades
in time. A closer examination suggests that kinetics in Figure 1a are
bimodal. Empirically, these kinetics can be fit to a master equation

U (t ) ≈ U∞ + (U0 − U∞)
{
1 − η

[
1 − e−t/τ f

]}
e−(t/τs )ν , [1]

where η is the fraction of the fast (exponential) component with the
time constant τf and the slow, dispersive decay is represented by a
stretched exponential component with ν≈1/2 and the time constant
τs. The extrapolated initial (U0 ) and terminal (U∞) voltages scale lin-
early with the C-rate (Figure 2); this linearity is also observed for
pulsed currents, as discussed below. The solid lines in Figure 1a are
least squares fits with Eq. 1, and the associated time constants are
shown in Figure 1b. While the time constant τf of the fast compo-
nent is rate-independent, the time constant τs of the slow component
is inversely proportional to the C-rate. We have examined numerous
cells containing graphite electrodes, varying the electrode material
and porosity and thickness of the matrix, as well as the lithium salt in
the electrolyte, and in each case obtained dispersive kinetics similar
to the ones shown in Figure 1b. While the absolute values for these
two time constants somewhat varied (always within a same order of
magnitude), the general behavior remained the same: there was a fast
rate-independent component and a slow rate-dependent component
comprising 20% to 50% of the total response.

The relaxation dynamics of the full-cell potential is determined
by the electrode potentials φa and φc. These are shown separately in
Figures 3a and 3b, presenting behavior similar to the one observed

for U: greater potential variations are also seen after higher charging
rates. Graphite OCV of ∼88 mV is eventually reached during resting,
regardless of the charging current (Figure 3a). At higher rates, how-
ever, φa exhibits a maximum before equilibrating to the OCV value.
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Figure 1. (a) Relaxation dynamics for cellvoltage U in cell-I at different C-
rates. The constant-current charging was terminated when U reached 4.39 V.
The SOC achieved after charging varied with the C-rate: 99.5% (0.2C), 98.2%
(0.5C), 96.6% (1C), 94% (2C), 84% (3C), 78% (4C), and 62% (6C). Mind the
logarithmic scale for time. The solid lines are least squares fits to Eq. 1. (b)
The plots of τs and τf vs. the reciprocal C-rate during charge; smaller the τs
value, faster the cell relaxation.
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Figure 2. Extrapolated voltages U for relaxation kinetics of cell-I shown in
Figure 1 and plotted vs. C-rate during charge. Traces i, ii, and iii correspond
to the voltage before and after the o drop at t = 0 (U0), and voltage at t = ∞
(U∞ ), respectively, that was estimated using Eq. 1. The solid lines are linear
fits.

As discussed previously,1 in cell I the anode potential vs. Li/Li+ be-
comes negative at rates above ∼3C, indicating that Li plating becomes
possible (and occurs de facto, as shown elsewhere).1,4 As the maxima
seen in Figure 3a only appear when the cell enters Li plating condi-
tions, both phenomena can be correlated. This feature is intensified
with repeated cycling and/or when φa decreases below -50 mV vs.
Li/Li+. It is possible that the maxima are associated with rapid in-
sertion of plated Li into under-lithiated graphite during equilibration
of the anode, as was suggested by Han et al.9 We presently lack evi-
dence directly linking this feature with Li insertion, and we leave the
nature of this behavior an open problem. If this evidence is obtained,
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Figure 3. Relaxation dynamics of the (a) anode and (b) cathode potentials for
voltage-limited charging of cell I shown in Figures 1 and 2. The C-rates are
color coded as shown in panel a. The vertical arrow in panel a indicates maxima
in the φa(t) kinetics that are most clearly seen at a rate of 6C. The lines are
guides to the eye.
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Figure 4. Relaxation dynamics for (a) U and (b) φa observed after charging
of cell-I to 80% SOC. For the anode potential in panel b, well resolved maxima
(indicated with the arrow) are observed at C-rates > 2C. The kinetics are color
coded in panel b. The lines are guides to the eye.

observation of this feature can potentially serve as a convenient in
situ diagnostic for Li plating. We emphasize, nevertheless, that we
were unable to detect such signs when analyzing the relaxation of the
cell voltage, and that they were only visible when inspecting the an-
ode potential. Effects ascribed to this Li insertion are more commonly
observed in the full-cell voltage profiles at lower temperatures.10–13

As during voltage-limited charging the cell achieves the UCV at
varying states-of-charge, we asked whether this variation contributes
to the apparent rate dependence observed for τs. To this end, we ex-
amined relaxation kinetics obtained at fixed SOC in cell I. In these
tests, the cell was charged to 80% SOC at different rates (Figure 4).
As the C-rate increases, the traces observed after capacity-limited
charging show similar trends with the traces obtained after voltage-
limited charging. That is, the apparent rate dependence of τs is SOC-
independent.

Could the rate-dependent dispersive kinetics shown in Figure 1b
originate through equilibration in the solid electrolyte interphase of
the lithiated graphite? To answer this question, we used cell II that
had no graphite. The LTO anode in this cell has a redox potential
≈1.45 V higher than lithiated graphite, and it does not appreciably
reduce carbonate electrolyte to form resistive films. Despite using this
non-graphitic anode, the relaxation dynamics for U (Figures 5a and
5b) in cell II are qualitatively similar to that in the graphite cells. The
simplest explanation for this observation is that the rate-dependent
dispersive kinetics is dominated by equilibration in the cathode, which
is the same in both cells. Additionally, the experiments suggest that
the observed behavior is not specific to a particular voltage or SOC.

Polarity and duration of current pulses.—We now extend our
examination to a different kind of current perturbation. Having covered
the time response to fast switching off of a steady current, we now
concentrate on short current pulses. In these tests, successive pulses
with increasing rate or pulse duration were applied to cell I, with each
pulse being applied after the cell was equilibrated at a same voltage.
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Figure 5. (a) Relaxation kinetics for cell II (NCM523//LTO) after reaching
UCV of 2.92 V at different C-rates and (b) the C-rate dependence for τs. The
C-rates and SOC (given in parentheses) where 0.14 (89.9%), 0.34 (81.3%),
0.67 (68.9%), 1.35 (53.9%), 2.7 (29.4%) and 4.04 (5.3%). The dashed lines in
panel a are least squares fits to Eq. 1.

Figure 6a shows the response to 10 s long charge pulses applied
at 4.2 V as the rate increased from C/2 to 10C (Figure S2 shows such
traces for pulses of either polarity applied at different voltages). To
minimize damage to the cell, the highest C-rate was chosen so that the
maximum voltage attained during the pulse would stay lower than 5 V.
It is seen from Figure 6b that the voltages at both edges of the pulse
increase proportionally to the rate, so for a fixed pulse duration the
impedance is constant at all rates. For shorter pulses, voltage increase
is smaller, so higher currents (up to 16C) can be applied during the
pulse (Figure S3). In all cases linear response was observed. For the
anode and cathode, the t = 0 and t = τ potentials also linearly scale
with the C-rate (Figure 7).

No variation in the time constants of change in the cell voltage
and individual electrode potentials was observed during the pulse as
the current rate increased (see Figures S4 and S5). The relaxation of
the full-cell after such pulses is presented in Figure 8a (solid lines).
We used Eq. 1 to fit these kinetics (dashed lines), and in Figure 8b
time constants are plotted vs. the reciprocal C-rate. Comparison with
Figure 1b indicates that time responses after a 10 s pulse and after
abrupt termination of steady current follow the same trends.

For pulses of shorter duration, similar trends are observed, but
only up to a limit. Figure 9 shows voltage relaxation following inter-
mediate (2 s long) pulses applied at 3.6 V and 4.2 V. Like the 10 s
pulse kinetics, these kinetics are bimodal and their slow components
are C-rate-dependent (Figure 10), once more stressing the voltage-
independence of this behavior. However, for 0.2 s pulses the relaxation
dynamics vary little with pulse rate (Figure S6). These results suggest
that a certain minimum charge needs to be forced through the cell to
obtain C-rate-dependent response. To estimate this critical time (or,
equivalently, charge), we obtained voltage responses to 8C pulses of
increasing duration τ (Figures 11 and 12). By fitting these kinetics
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Figure 8. (a) Relaxation kinetics for U after a 10 s long charge pulse applied
at 4.2 V (solid lines). The dashed lines are least squares fits to Eq. 1. (b) A plot
of the time constants for the fast (to the left) and slow (to the right) components
of kinetics plotted vs. the reciprocal C-rate. The vertical bars are the standard
deviations for fit parameters. While the fast component is C-rate independent,
the rate of the slow component scales with the C-rate.

to Eq. 1, Figure 13 was obtained. (Note that for pulses < 1 s it was
impossible to separate fast and slow components reliably, and these
data are not shown).

Analysis of Figures 12 and 13 indicates two important behaviors.
First, the dispersive slow component is observed after both charge and
discharge pulses. Second, for 8C pulses the minimum pulse duration τ
for which the slow component becomes sensitive to the C-rate during
the pulse is ∼1 s. The corresponding charge is equivalent to just <
0.25% of the full Li+ inventory in the cathode, suggesting that the
effect originates from a thin layer of material.

Discussion

Our results reveal that potential responses to trailing edges of
pulsed or steady currents are qualitatively similar. The time response
weakly depends on the cell voltage, state-of-charge and current po-
larity, but strongly depends on the current amplitude. There is a fast
component that is rate- and pulse length independent. This compo-
nent reflects rapid equilibration of the cell described by Newman type
models (see, for instance, Ref. 14). In addition to this fast component,
there is also a slow component with stretched-exponential profile; this
component, as far as we can tell, is not predicted by contemporary
models. For a sufficiently long current pulse, the rate constant for this
component is proportional to the C-rate, but for very short pulses it
becomes independent of the C-rate. There is a small minimum charge
that needs to be passed through the cell for the slow component to be-
come rate-dependent, and this charge is equivalent to a minute fraction
of the total charge stored in the cell. The time constant for this slow
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Figure 9. Like Figure 8a, for relaxation kinetics observed after a 2 s charge
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scale. When placed on the appropriate vertical scales, relaxation kinetics ob-
tained at different voltages and polarities look very similar. The dashed lines
give least squares fits to Eq. 1.

component is weakly dependent of the voltage, polarity, and even the
pulse duration, provided that this duration is sufficiently long.

Stretched-exponential kinetics (also known as the Kohlrausch
function) are the universal feature of relaxation in disordered and/or
microheterogeneous media.15 In spite of this universal occurrence,
the general explanation for this behavior remains an open problem
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since 1847 when it was first observed by Kohlrausch in the discharge
of a Leyden jar. The stretch factors ν in Eq. 1 are close to 3/5 and
3/7 that are typical for regimes in which short-range (e.g., dispersive)
or long-range (e.g., coulomb) interactions prevail, respectively. The
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favored explanation is trap-limited transport; i.e., diffusion of charge
carriers between randomly dispersed static traps in the medium that
capture and release these carriers as they travel through the medium.
Given that most of phases in Li-ion cells are well ordered, such disper-
sive kinetics almost certainly involve migration of Li+ ions through
a disordered interphase, which is consistent with our observation that
speeding of time response requires passing a small fraction of the to-
tal charge. There is another clue: the same behaviors were observed
for cells containing different anodes, suggesting that the dispersive
kinetics is likely dominated by the response of the cathode.

Layered TM oxides have hexagonal lattice with alternating layers
of lithium ions and TM octahedra. In advanced stages of delithiation,
thermodynamically unstable oxides lose oxygen from their surface,
and TM ions migrate to occupy the planes of Li+ ions.16 A thin sub-
surface layer of cubic rock-salt and/or spinel phases forms to sepa-
rate the hexagonal interior from electrolyte. As the excursions of TM
ions are random, there is significant disorder in this O-depleted layer.
This partially disordered layer serves as a barrier to oxygen diffusion,
in this way preventing runaway oxygen loss from the interior to the
electrolyte bulk.16 Frustrated Li+ ion migration through this barrier
is believed to contribute to cathode impedance, and gradual changes
in this O-depleted layer during continuous cycling can be a cause for
impedance rise over time.17

The observed kinetic behavior can find logical explanation in the
model of trap-limited transport postulated for disordered systems
obeying the Kohlrausch law (Figure 14). The partially disordered O-
depleted layer contains randomly dispersed Li+ ion traps (Figure 14a).
Capture and release of Li+ ions by and from these traps slows down
Li+ ion migration across this layer (Figure 14b). When the ion flux
is low, there are always vacant traps to stall the migrating Li+ ions.
At high currents, the Li+ ions flood the layer, and the traps become
occupied; at this point Li+ ion transport can become faster as there
are no vacant traps to capture ion and delay Li+ ion transport (Fig-
ure 14c). In this picture, a fixed minimal charge is required to fill all of
the available ion traps. As depopulation of these traps takes time, the
layer remains conductive during relaxation, speeding up equilibration
of the cathode interior with the rest of the cell (Figure 14d). Eventu-
ally, the equilibrium sets in, the traps become depopulated, and status
quo shown in Figure 14a returns.

Our observations exclude most rationalizations for the observed
behavior. Given reproducibility of the effect, it is unlikely that it
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Figure 14. Suggested origin for rate-dependent dispersive relaxation dynam-
ics. (a) A disordered subsurface layer of the cathode contains randomly dis-
persed static Li+ ion traps that capture and release migrating Li+ ions. (b)
When weak current flows through the cell these traps become partially occu-
pied, so the entering ions become trapped and later released, which slows down
their transport across the layer. (c) As a high flux of Li+ ions is driven into
the layer by a strong current, few unoccupied traps remain, and ionic transport
through the layer becomes faster. (d) When the current ceases, the ions leave
the layer, with their effective mobility determined by the occupacy of traps
during the previous stage.

involves a morphological change in the interphase (e.g., strain relief).
Independence of the current polarity and SOC excludes mechanisms
that explicitly dependent on these parameters. Stretched-exponential
kinetics already point to trap-limited Li+ ion capture; as the concen-
tration of such ion traps is finite, saturation effects are expected to
occur at sufficiently high currents.

Conclusions

In this study, time responses of electrode potentials and cell volt-
age to abrupt termination of steady and/or pulsed current were studied.
These responses exhibit a rate-independent fast exponential compo-
nent and a rate-dependent slow dispersive component; that is, relax-
ation dynamics depend on the Li+ ion current long after this current
stops to flow. Both of these components weakly depend on the volt-
age, state-of-charge, direction of the current, and even the nature of the
anode. Our experiments strongly suggest that the slow rate-dependent
component arises mainly (or fully) from the cathode and requires a
minimum charge passing through the cell for this dependence to be
observed.

The stretched-exponential kinetics are qualitatively accounted for
by trap-controlled diffusion of Li+ ions in a (completely or partially)
disordered medium. O-depleted layer in the subsurface region of the
oxide cathode can be this medium. Strong currents temporarily fill ion
traps dispersed in this layer, speeding up Li+ ion transport until these
traps become depopulated, and the equilibrium is restored. While the
observed behaviors can be qualitatively explained using this model
(Figure 14), they do not necessarily prove it, as is the case with other
instances of stretched-exponential kinetics.8 Regardless of the partic-
ulars of the model, Li+ ion transport in high-current regimes clearly
cannot be extrapolated from low-current measurements. Correct attri-
bution and modeling of such behaviors would be necessary to achieve
realistic description of high-current regimes.

In Part 2 of this series2 we studied polarization of Li-ion cells dur-
ing constant-current charging of these cells. We found that at a fixed

capacity, cell voltage and electrode potential responses to the steady
current were nonlinear, and this nonlinearity increased as the cell aged.
Curiously, the linear part of the response measured using pulsed tech-
niques and r1,2 analyses described in Part 2,2 remained nearly constant
during this aging, whereas the non-linear part steadily increased. Since
the pulsed techniques are blind to slow temporal responses, the exis-
tence of such processes during charge resolves the paradox presented
above, explaining how significant change in cell polarization can be
observed while the techniques intended to quantify resistivity indicate
no or little change. Indeed, these techniques quantify linear, fast re-
sponses as opposed to the nonlinear, slow ones. While the Newman
style models (as we show in Part 2)2 can explain some of this nonlin-
ear response through diffusion dynamics, these models do not capture
all of it, as indicated by the results discussed above. That is to say
that while the dynamics we discuss here are relaxation dynamics, it is
almost certain that such slow dynamics also unfold during the charge
and contribute to cell polarization.
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