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a b s t r a c t

Electrode–electrolyte composite materials were prepared by coating a highly conductive Li2S–P2S5 solid
electrolyte onto LiCoO2 electrode particles using pulsed laser deposition (PLD). Cross-sections of the com-
posite electrode layers of the all-solid-state cells were observed using a transmission electron microscope
to investigate the packing morphology of the LiCoO2 particles and the distribution of solid electrolyte in
the composite electrode. All-solid-state cells based on a composite electrode composed entirely of solid-
electrolyte-coated LiCoO2 were fabricated, and their performance was investigated. The coating amounts
of Li2S–P2S5 solid electrolytes on LiCoO2 particles and the conductivity of the coating material were con-
trolled to increase the capacity of the resulting all-solid-state cells. All-solid-state cells using LiCoO2 with

−1

hin film
ulfide electrolyte
ulsed laser deposition
urface coating

thick solid electrolyte coatings, grown over 120 min, had a capacity of 65 mAh g , without any addi-
tion of Li2S–P2S5 solid electrolyte particles to the composite electrode. The capacity of the all-solid-state
cell increased further after increasing the conductivity of the Li2S–P2S5 solid electrolyte coating by heat
treatment at 200 ◦C. Furthermore, an all-solid-state cell based on a composite electrode using both a solid
electrolyte coating and added solid electrolyte particles was fabricated, and the capacity of the resulting
all-solid-state cell increased to 95 mAh g−1.
. Introduction

Lithium-ion secondary batteries are capable of a high energy
ensity, high power, and long cycle performance [1]. Demand
or lithium-ion secondary batteries has increased for applica-
ions ranging from portable devices to large machines such as
lectric vehicles and high-power tools. Large machines typically
equire much larger batteries than portable devices do. Lithium-
on secondary batteries using ionic liquid electrolytes [2–5] and
olid electrolytes using organic polymers [6,7], inorganic crys-
als [8–11], glasses [12,13], and glass ceramics [14–17] have been
tudied, because the batteries are expected to be safer and more
eliable. In particular, all-solid-state lithium secondary batteries
sing inorganic solid electrolytes have been studied as promis-

ng next-generation batteries. Because of the use of inorganic solid
lectrolytes instead of organic liquid electrolytes, these batteries
ave many advantages, such as higher safety, no leakage, a long
harge–discharge life [14,17], a wide operation temperature range

18], and the potential application of new electrode materials that
re difficult to use in conventional batteries.

∗ Corresponding author. Tel.: +81 72 254 9331; fax: +81 72 254 9331.
E-mail address: tatsu@chem.osakafu-u.ac.jp (M. Tatsumisago).
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© 2010 Elsevier B.V. All rights reserved.

It is important to use solid electrolytes with high lithium-
ion conductivity in the development of all-solid-state batteries
with high energy and power densities. Sulfide-based solid elec-
trolytes such as thio-LISICON (Li3.25Ge0.25P0.75S4) crystals and
Li2S–P2S5 glass-ceramics have a high lithium-ion conductivity of
over 10−3 S cm−1 at room temperature [19–21]. The lithium-ion
conductivity of solid electrolytes has improved year by year, and
has reached values approaching 10−2 S cm−1. Furthermore, these
solid electrolytes have an ideal transference number (t = �Li/�total)
of almost 1 [22].

One disadvantage of all-solid-state batteries is the difficulty
of forming an effective electrode–electrolyte interface. Designing
a favorable composite electrode is important to the develop-
ment of all-solid-state batteries. In all-solid-state battery systems
using sulfide-based solid electrolytes, high interfacial resistances
between the positive electrode and the solid electrolyte have been
observed after the initial charging process when LiCoO2 was used as
the electrode active material [9,10,18,23–26]. We believe that the
high resistance was caused by degradation of the interface between
the LiCoO2 and the Li2S–P2S5 solid electrolyte [18]. Forming a
favorable electrode/electrolyte interface by interfacial modifica-

tion has effectively decreased the interfacial resistance. Coatings of
oxides such as Li4Ti5O12, LiNbO3, LiTaO3, Li2O–SiO2, and Li2O–TiO2
on LiCoO2 particles have been reported as an effective modifica-
tion technique [9,10,18,23–26]. The formation of effective electron

dx.doi.org/10.1016/j.jpowsour.2010.10.103
http://www.sciencedirect.com/science/journal/03787753
http://www.elsevier.com/locate/jpowsour
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determined by inductively coupled plasma atomic emission spec-
troscopy (ICP-AES) to be 80:20, which corresponds to the Li:P ratio
of the target. The lithium ion conductivity of the 80Li2S·20P2S5
was 7.9 × 10−5 S cm−1 at 25 ◦C [29]. An 80Li2S·20P2S5 SE film was

Table 1
Deposition condition of Li2S–P2S5 solid electrolyte film.

Laser KrF excimer laser (248 nm)
Target Li2S:P2S5 = 80:20 (molar ratio)
Laser fluence ca. 2 J cm−2 (200 mJ per pulse)
Frequency 10 Hz
Temperature Room temperature
Fig. 1. Schematic diagrams of (a) a typical all-solid-state cell

nd lithium-ion conducting paths to the electrode active materi-
ls is also important. Fig. 1 shows schematic diagrams of typical
ulk-type all-solid-state cells (a) and all-solid-state cells using
olid-electrolyte-coated LiCoO2 (SE-coated LiCoO2) (b). In typical
ll-solid-state cells, a composite electrode composed of LiCoO2
lectrode particles and Li2S–P2S5 solid electrolyte particles is used
s a working electrode to provide a lithium ion conducting path to
he LiCoO2. The amount of solid electrolyte particles needed in the
omposite electrode is currently approximately 20–30 wt.% [27]. In
ddition, electron conducting additives such as acetylene black (AB)
nd vapor grown carbon fiber (VGCF) are required when using elec-
rode active materials with a low electron conductivity. A decrease
n solid electrolyte content combined with the use of a conducting
dditive can effectively increase the energy density of a composite
lectrode. Recently, we reported that a highly conductive Li2S–P2S5
olid electrolyte was coated on LiCoO2 particles using pulsed laser
eposition (PLD) [28]. A schematic diagram of an all-solid-state cell
sing SE-coated LiCoO2 is shown in Fig. 1(b). In the all-solid-state
ells using SE-coated LiCoO2, favorable contact between the LiCoO2
lectrode and the Li2S–P2S5 solid electrolytes may be possible. In
ddition, the solid electrolyte content of the composite electrode
ould be reduced significantly. In the previous study [28], an all-

olid-state cell based on SE-coated LiCoO2 was successfully charged
nd discharged, indicating that the coated solid electrolyte acted
s a lithium ion conducting path to the electrode particles. How-
ver, the reversible capacity of the all-solid-state cells was limited
o 30 mAh g−1, and this low cell capacity required improvement.
he conductivity of an Li2S–P2S5 solid electrolyte film prepared
n a quartz substrate by PLD was reported to increase after heat
reatment at 200 ◦C [29]. The conductivity of an Li2S–P2S5 solid
lectrolyte on LiCoO2 should therefore also increase with heat
reatment.

In this study, we fabricated all-solid-state cells based on a com-
osite electrode composed of SE-coated LiCoO2, and examined the

mount and conductivity of an SE coating on the LiCoO2. The effect
f the coating amount on the capacity was investigated by prepar-
ng all-solid-state cells with SE-coated LiCoO2 using various SE
oating times. The importance of the lithium ion conductivity of the
) an all-solid-state cell based on SE-coated LiCoO2 particles.

coating layer was studied by increasing the lithium ion conductivity
of the SE on the LiCoO2 particles by heat treatment at 200 ◦C. Cross-
sections of the composite electrodes in the all-solid-state cells were
observed using a transmission electron microscope (TEM) to inves-
tigate the packing morphology of the SE-coated LiCoO2 particles
and the elemental distribution at the interfaces between the parti-
cles. Moreover, all-solid-state cells based on composite electrodes
using both a solid electrolyte coating and added solid electrolyte
particles were fabricated in an attempt to improve the capacity of
the cells.

2. Experimental

An 80Li2S·20P2S5 solid electrolyte (SE) was coated on LiCoO2
particles using pulsed laser deposition (PLD). SE thin films of
80Li2S·20P2S5 (mol.%) SE were fabricated using PLD with a KrF
excimer laser (� = 248 nm, LPXPro, Lambda Physik) [29]. The depo-
sition conditions are summarized in Table 1. A pelletized mixture
of Li2S (99.9%; Idemitsu Kosan Co., Ltd.) and P2S5 crystalline pow-
der (99%, Aldrich Chemical Co. Inc.) with a molar ratio of 80:20
was used as a target. The 80Li2S·20P2S5 films deposited on Si sub-
strates were amorphous. The atomic ratio of Li:P in the film was
Ambient gas Ar gas
Gas pressure 5 Pa
Deposition time 10 min, 20 min, 40 min, 120 min
T–S distance (target–substrate distance) 7 cm
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Fig. 2. SEM images of SE-coated LiCoO2 with various co

eposited on LiCoO2 particles (D-10, Toda Kogyo Corp.) [28]. In this
tudy, the LiCoO2 particles for all the SE-coated LiCoO2 were coated
ith an LiNbO3 film in advance, because LiNbO3-coated LiCoO2
as demonstrated good rate performance in all-solid-state batter-

es using a sulfide-based SE [10]. Target holders were attached to
he upper side of the PLD vacuum chamber, and a vibrating sample
older was equipped at the lower side. This PLD system allowed the

ormation of an SE layer on the electrode particles. During deposi-
ion of the SE, LiCoO2 particles were fluidized by a vibration system
VIB-FB, Nara Machinery Co., Ltd.) to form a uniform SE layer on the
iCoO2 particles. The frequency of the square pulse used to fluidize
he particles was 50 Hz. The deposition time was varied from 0 min
o 120 min to obtain Li2S–P2S5 coatings of different thicknesses.
eat treatment of SE-coated LiCoO2 was performed in an Ar atmo-

phere. In order to avoid exposure to air, an Ar-filled glove box was
onnected to the vacuum chamber for deposition. The morphol-
gy of the LiCoO2 particles was observed using a scanning electron
icroscope (SEM, Tiny SEM Mighty-8; Technex Lab. Co., Ltd).
All-solid-state cells (In/80Li2S·20P2S5 glass-ceramic SE/LiCoO2)

ere constructed to investigate the electrochemical perfor-
ance of LiCoO2 coated with 80Li2S·20P2S5 SE. Preparation of

he 80Li2S·20P2S5 glass-ceramic SE particles and the fabrication
f all-solid-state cells were described in our previous reports
9,10,18,24–26]. Indium foil (99.999%; Furuuchi Chemical Corp.)
as used as a counter electrode. Li2S–P2S5 SE particles were added

o the working electrode layer in the previous reports, in which the
orking electrode consisted of 70 wt.% LiCoO2 particles and 30 wt.%

i2S–P2S5 glass ceramic SE particles. In this study, SE particles were
ot added to the working layer of some electrodes, so that the effect
f the SE coating on the LiCoO2 particles could be investigated. The
esulting working electrodes consisted of only SE-coated LiCoO2
articles. Other working electrodes, consisting of 90 wt.% SE-coated
iCoO2 particles and 10 wt.% Li2S–P2S5 SE particles, were also pre-
ared. As a result of the mixing, these electrodes had a lower SE
article content. A bilayer pellet consisting of a working electrode
10 mg) and a glass-ceramic SE (80 mg) was obtained by pressing

t 360 MPa (� = 10 mm). Then, an indium foil was attached to the
ilayer pellet by pressing at 240 MPa. The pellet was pressed using
wo stainless steel rods, which were used as current collectors for
he working and counter electrodes.
times: (a) 0 min, (b) 10 min, (c) 20 min, and (d) 40 min.

The all-solid-state cells were charged and discharged using a
charge–discharge measuring device (BTS-2004; Nagano Co., Ltd.)
at room temperature. Electrochemical impedance spectroscopy
measurements of the all-solid-state cells were performed using
an impedance analyzer (SI 1260; Solartron) after charging the
cells to 3.6 V vs. Li–In at 0.13 mA cm−2 at room temperature. The
applied voltage was 50 mV, and the frequency ranged from 1 Hz
to 1 MHz. The interfaces between LiCoO2 particles coated with
the 80Li2S·20P2S5 film in the working electrode were observed
using a transmission electron microscope (TEM, JEM2100F; JEOL)
to investigate the morphology of the coating between LiCoO2 parti-
cles. Samples for TEM observation were obtained using focused ion
beam (FIB) milling. The samples were transferred in an Ar atmo-
sphere from the glove box to the FIB and TEM equipment.

3. Results and discussion

80Li2S·20P2S5 SE was coated on LiCoO2 particles by PLD. Fig. 2
shows SEM images of 80Li2S·20P2S5 SE coated LiCoO2 (SE-coated
LiCoO2) with different coating times, ranging from 0 to 40 min.
Fig. 2(a) shows an SEM image of LiNbO3-coated LiCoO2 without an
Li2S–P2S5 SE coating. The average particle diameter was ca. 10 �m,
and the surface of the LiNbO3-coated LiCoO2 particles was rela-
tively smooth. The particle size of the SE (10 min)-coated LiCoO2,
as shown in Fig. 2(b), was similar to that without SE coating.
Fig. 2(c) and (d) shows SEM images of SE (20 min)-coated and SE
(40 min)-coated LiCoO2. The particle sizes of the 20-min and 40-
min SE-coated LiCoO2 were ca. 20 �m, which was larger than that
without SE coating. Small aggregates were formed by depositing
Li2S–P2S5 SE on LiCoO2 particles, and the size of the secondary par-
ticles increased with increasing deposition time. The SE coating on
the LiCoO2 particles was confirmed using EDX mapping images and
cross-sectional TEM images in the previous report [28]. A cross-
sectional TEM image of SE (40 min)-coated LiCoO2 showed that the
80Li2S·20P2S5 SE was coated on the LiCoO2 particles with a thick-
ness of ca. 50–70 nm after coating for 40 min, corresponding to ca.

1 wt.% LiCoO2. SE coating for 120 min was estimated to yield about
3 wt.% LiCoO2.

All-solid-state cells were constructed using SE-coated LiCoO2
particles with no SE particles mixed into the working electrode. The
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ig. 3. Cross-sectional high-angle annular dark field (HAADF) TEM images and EDX
ell after 450 cycles. The composite electrode was composed of solely SE-coated LiC

ll-solid-state cell using SE (40 min)-coated LiCoO2 was charged
nd discharged with no capacity fade [28]. A cross section of the
orking electrode of the all-solid-state cell was observed to inves-

igate how the LiCoO2 particles were packed, and the Li2S–P2S5
E coating was observed at the interface between LiCoO2 parti-
les. Fig. 3 shows cross-sectional high-angle annular dark field
HAADF)-TEM images and EDX mappings of a working electrode
rom an all-solid-state cell based on SE (40 min)-coated LiCoO2 with
o additional SE particles added after charge–discharge measure-
ents for 450 cycles. The cross-sectional TEM image in Fig. 3(a)

hows that the LiCoO2 particles were closely packed in the com-
osite electrode. Fig. 3(b) shows a magnified image of the selected
rea in Fig. 3(a) and EDX mappings for O, P, S, Co, and Nb at
he interface between LiCoO2 particles. Nb was observed on the
iCoO2 particle surfaces, confirming that an LiNbO3 coating did

orm on the LiCoO2 particles. The observation of P and S at the inter-
ace between the LiCoO2 particles indicated that an 80Li2S·20P2S5
E layer was present. The all-solid-state cell was prepared by
old pressing. As a result of this pressing, the LiCoO2 particles
pings of a composite electrode composed of SE-coated LiCoO2 in an all-solid-state
with no added SE particles.

packed closely in the composite electrode layer and the SE coat-
ing deposited on the LiCoO2 particles was connected to form the
all-solid-state cell. As a result, a favorable SE region was formed
in the interfacial space between the LiCoO2 particles. Furthermore,
the contact between the SE layer and the LiCoO2 electrode was
maintained after charge–discharge measurements. Retention of the
electrode/electrolyte interface during charge–discharge cycling is
important for capacity retention in all-solid-state batteries. Some
voids at the interfaces between LiCoO2 particles were observed,
as shown in Fig. 3(a). This could be reduced using LiCoO2 with
larger amounts of SE coating. In an all-solid-state cell based on SE
(120 min)-coated LiCoO2 particles, the SE would be formed more
effectively at the interface, because the SE coating thickness on the
LiCoO2 would be three times that of a composite electrode using SE
(40 min)-coated LiCoO2.
Fig. 4 shows charge–discharge curves of all-solid-state cells
using uncoated, LiNbO3-coated, and SE (x min)-coated LiCoO2 parti-
cles (x = 10, 40, and 120 min) at a current density of 0.13 mA cm−2.
The SE coatings were applied to LiNbO3-coated LiCoO2 particles.
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2
particles. Fig. 7 shows the impedance profiles of all-solid-state cells
using composite electrodes consisting of uncoated, LiNbO3-coated,
or SE-coated LiCoO2 with 10 wt.% SE particles. The measurements
ig. 4. Charge–discharge curves of all-solid-state cells based on non-coated, LiNbO3-
oated, and SE-coated LiCoO2 with various coating times. The composite electrode
as composed solely of coated LiCoO2, with no added SE particles.

n the all-solid-state cells shown in Fig. 4, SE particles were not
ixed into the composite electrode, so the working electrode was

omposed of only LiCoO2 particles. The displayed capacity was nor-
alized by the weight of the coated LiCoO2. The all-solid-state cell

ased on uncoated LiCoO2 could not be charged and discharged.
he all-solid-state cell using LiNbO3-coated LiCoO2 had a small
eversible capacity of less than 10 mAh g−1. All-solid-state cells
sing LiCoO2 particles without Li2S–P2S5 SE coating were diffi-
ult to charge and discharge, because the lithium ion conductivity
n the composite electrolyte was insufficient. The all-solid-state
ells using SE-coated LiCoO2 particles could be charged and dis-
harged with a higher capacity than LiNbO3-coated LiCoO2, and the
ll-solid-state cells using SE (10 min)-coated, SE (40 min)-coated,
nd SE (120 min)-coated LiCoO2 had reversible capacities of 15, 35,
nd 65 mAh g−1, respectively. In the previous study [28], only SE
40 min)-coated LiCoO2 was used, and the reversible capacity of the
ll-solid-state cells was limited to ca. 30 mAh g−1. By increasing the
E coating amount from 40 min to 120 min in this study, the capac-
ty was increased from 35 to 65 mAh g−1. The capacity increased

ith increasing coating time from 0 min to 120 min, which indi-
ates that an SE coating on LiNbO3-coated LiCoO2 enabled the
ormation of a lithium-ion conducting path to the LiCoO2 particles.

Fig. 5 shows the charge–discharge curves of all-solid-state cell
ased on SE (120 min)-coated LiCoO2. The cell demonstrated stable
harge and discharge curves, without a significant fade in capacity,
ver 10 cycles. The all-solid-state cell based on SE (40 min)-coated
iCoO2 was charged and discharged for 100 cycles with no signifi-
ant reduction in capacity [28].

Increasing the lithium ion conductivity in composite electrodes
eems to be important in achieving a high capacity. The con-
uctivity of the 80Li2S·20P2S5 SE film prepared using PLD was

ncreased by heat treatment at 200 ◦C [29]. Therefore, the effect
f heat treatment of SE-coated LiCoO2 on cell performance was
nvestigated. Fig. 6 shows the charge–discharge curves of an all-
olid-state cell based on SE (120 min)-coated LiCoO2, after heat
reatment at 200 ◦C for 1 h. The current density was 0.13 mA cm−2.
he charging and discharging capacities were 86 and 69 mAh g−1,

espectively. The charging capacities of cells based on SE (120 min)-
oated LiCoO2 with and without heat treatment were similar. The
ischarge capacity of the heat-treated SE (120 min)-coated LiCoO2
ell was larger than the capacity without heat treatment. The dis-
Fig. 5. Charge–discharge curves of an all-solid-state cell based on SE (120 min)-
coated LiCoO2.

charge capacity increased after heat treatment of the SE-coated
LiCoO2. The lithium ion conductivity of the SE coated on the LiNbO3-
coated LiCoO2 would likely be increased by heat treatment, as
was observed in SE films deposited on substrates, resulting in the
observed increase in capacity.

As shown above, the SE coating was effective in forming a
lithium ion conducting path to the LiCoO2 particles in the elec-
trode layer. However, the capacities of these all-solid-state cells
remained smaller than the 95 mAh g−1 typical of all-solid-state
cells containing composite electrodes composed of 70 wt.% LiNbO3-
coated LiCoO2 (with no SE coating) and 30 wt.% SE particles mixing
at a current density of 0.13 mA cm−2.

To increase the lithium ion conductivity in the composite elec-
trodes, 10 wt.% SE particles were added to the SE-coated LiCoO
Fig. 6. Charge–discharge curves of an all-solid-state cell based on SE (120 min)-
coated LiCoO2 with heat treatment at 200 ◦C. The composite electrode was
composed of SE-coated LiCoO2, with no added SE particles.
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Fig. 7. Impedance profiles of all-solid-state cells based on composite electrodes
with 90 wt.% LiCoO2 and 10 wt.% solid electrolyte particles after charging to 3.6 V
vs. Li–In. The composite electrodes were prepared using (a) uncoated LiCoO2, (b)
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ere carried out after charging to 3.6 V vs. a Li–In electrode, which
orresponds to 4.2 V vs. Li. The large semicircle observed in panel
a) of Fig. 7 is attributable to the interfacial resistance between
iCoO2 and Li2S–P2S5 SE, which was reported in previous papers
9,10,25]. The interfacial resistance of the all-solid-state cell based
n uncoated LiCoO2 in this study was ca. 850 �, which was higher
han our previous results of ca. 300 � [24–26]. This was because the
ontact area between the LiCoO2 and the SE particles in this study
as smaller than in the previous studies; only 10 wt.% SE particles
ere added to the LiCoO2 particles in this study, whereas 30 wt.%

E particles were added in the previous studies. The all-solid-state
ells based on LiNbO3-coated and SE (20 min)-coated LiCoO2 and
hown in Fig. 7(b) and (c) had a low interfacial resistance, although
nly 10 wt.% SE particles were added to the LiCoO2 particles. The
iNbO3 coating on the LiCoO2 decreased the interfacial resistance,
nd the additional SE (20 min) coating on the LiCoO2 reduced the
esistance further.

Fig. 8 shows charge–discharge curves of all-solid-state cells
ased on composite electrodes composed of 90 wt.% uncoated,
iNbO3-coated, or SE (20 min)-coated LiCoO2 and 10 wt.% SE par-
icles, at a current density of 0.13 mA cm−2. The capacities of
he all-solid-state cells based on uncoated, LiNbO3-coated, and
E (20 min)-coated LiCoO2 particles were 20, 60, and 95 mAh g−1,
espectively. The capacities of the all-solid-state cells were
ncreased using cells combining 10 wt.% SE particles and an SE coat-
ng, compared with the capacity of cells based on an SE coating
lone in the composite electrode, as shown in Fig. 4. The all-solid-
tate cell combining 10 wt.% SE particles with an SE coating had
similar capacity to cells based on 30 wt.% SE particles with no

oating.

The SE coating was effective in decreasing the SE ratio in the

omposite electrolyte, resulting in all-solid-state cells with an
mproved energy density. The energy density of the cells, nor-
Fig. 8. Charge–discharge curves of all-solid-state cells based on composite elec-
trodes with 90 wt.% LiCoO2 and 10 wt.% solid electrolyte particles.

malized by the weight of the LiCoO2 and Li2S–P2S5 SE composite
electrode, was calculated. The weight-normalized capacity of a
composite containing 90 wt.% SE-coated LiCoO2 and 10 wt.% SE par-
ticles, which was prepared using both an SE coating and added SE
particles, was 86 mAh g−1. In contrast, that of a normal composite
prepared using 70 wt.% LiNbO3-coated LiCoO2 and 30 wt.% SE parti-
cles was 67 mAh g−1. The capacity of the cells was thus increased by
decreasing the amount of Li2S–P2S5 SE particles in the composite
electrode.

4. Conclusions

In all-solid-state cells based on SE-coated LiCoO2 particles,
the LiCoO2 particles were closely packed in the composite elec-
trode, and an Li2S–P2S5 SE coating occupied the interface between
the LiCoO2 particles. All-solid-state cells containing SE-coated
LiCoO2 had a larger capacity than cells with no SE coating, and
the charge–discharge capacity increased with increasing coating
time. The heat treatment of SE-coated LiCoO2 particles increased
the discharge capacity. The Li2S–P2S5 SE on the LiCoO2 particles
formed a lithium-ion conducting path to the LiCoO2 particles in
the composite electrode. All-solid-state cells based on a combina-
tion of 10 wt.% SE particle mixing and SE (20 min) coating had a
capacity of 95 mAh g−1. The coating of a highly conductive SE on
electrode particles is a promising technique to form an effective
electrode–electrolyte interface and a lithium-ion conducting path
in the composite, which should both contribute to the development
of advanced all-solid-state lithium secondary batteries.
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