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A lithium ion conductor is prepared from a composite oxide
containing Li, Ta and N and/or a composite oxide containing
Li, Ta, Nb and N.
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LITHIUM ION CONDUCTOR AND ALL-SOLID
LITHIUM ION RECHARGEABLE BATTERY

BACKGROUND OF THE INVENTION

[0001] In recent years, high-performance small-sized
devices and parts, such as IC cards, electronic tags, small
sensors and micromachines for medical use, have been
developed actively. Accordingly, batteries used as a power
source are required to have high reliability, reduced thick-
ness and size. To meet the requirements, thin film batteries,
especially all-solid lithium ion rechargeable batteries using
an inorganic solid electrolyte, have been actively studied.
Bates et al. of Oak Ridge National Laboratory (ORNL) have
reported an all-solid battery using LiPON as a solid elec-
trolyte. LiPON is a lithium ion conductor made of nitrogen-
introduced Li;PO, obtained by sputtering Li,PO, in nitro-
gen atmosphere. LiPON has ion conductivity of about
1x10  S/cm. Further, there has also been developed a thin
battery comprising LiCoO, as a positive electrode, LiPON
as a solid electrolyte and metallic Li as a negative electrode
which are stacked on an Si or Al,O; base plate by sputtering
(e.g., see the specification of U.S. Pat. No. 5,597,660).

[0002] On the other hand, as a thin film having high ion
conductivity, Le Qung Nguyen et al. have produced a thin
film having ion conductivity of 2.5x107° S/cm by sputtering
LiNbO; in nitrogen atmosphere (see Le Qung Nguyen,
“Thin Solid Film”, 1997, Vol. 293, pp. 175-178).

[0003] However, if the solid electrolyte LiPON is com-
bined with a positive electrode such as LiCoPO, that charges
and discharges at high voltages, or with LiCoO, to carry out
a cycle test at a high temperature of about 80° C., decom-
position of LiPON becomes remarkable and the cycle char-
acteristics deteriorate drastically. Accordingly, as long as
LiPON is used as the solid electrolyte in the manufacture of
an all-solid lithium ion rechargeable battery, choices of the
positive electrode material are reduced and the cycle life is
shortened.

[0004] On the other hand, if the ion conductivity of the
solid electrolyte is low, resistance in the electrolyte portion
becomes high and favorable high-current discharge perfor-
mance cannot be obtained. For these reasons, a solid elec-
trolyte material having high ion conductivity and high
decomposition voltage has been demanded.

BRIEF SUMMARY OF THE INVENTION

[0005] Under the above-described circumstances, the
present invention has been achieved. One aspect of the
present invention is to provide a lithium ion conductor
having high ion conductivity and high decomposition volt-
age. Another aspect of the present invention is to provide an
all-solid lithium ion rechargeable battery excellent in cycle
characteristics and high-current discharge performance by
making use of the lithium ion conductor.

[0006] In other words, the present invention relates to a
lithium ion conductor comprising a composite oxide con-
taining Li, Ta and N. The present invention further relates to
a lithium ion conductor comprising a composite oxide
containing Li, Ta, Nb and N.

[0007] If the composition of the composite oxide is rep-
resented by the general formula: Li,Nb, Ta_O4N,, it is pref-
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erable that the general formula satisfies 0.1=a=2.5, 0=b«l1,
0<c=1, b+c=1, 0.1=d=5 and 0.1Z5e=2.

[0008] 1t is more preferable that the general formula
further satisfies 0.1=e=1.

[0009] Further, the present invention provides an all-solid
lithium ion rechargeable battery comprising a positive elec-
trode, a negative electrode and a solid electrolyte interposed
between the positive electrode and the negative electrode,
wherein the solid electrolyte comprises a lithium ion con-
ductor film and the lithium ion conductor film comprises the
above-described composite oxide of the present invention.

[0010] While the novel features of the invention are set
forth particularly in the appended claims, the invention, both
as to organization and content, will be better understood and
appreciated, along with other objects and features thereof,
from the following detailed description taken in conjunction
with the drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0011] FIG. 1 is a sectional view of an example of an
all-solid lithium ion rechargeable battery according to the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0012] A lithium ion conductor of the present invention
may be in a crystalline state, but in general, it is preferably
in a vitreous state. A vitreous substance mentioned herein is
a substance in which an atomic, ionic or molecular arrange-
ment does not have a long-range order, the structure is
similar to that of liquid and no anisotropy is found in its
physical properties.

[0013] The lithium ion conductor of the present invention
has a composition of LiTaO; or a composite of LiTaO5 and
LiNbO,, in which oxygen is substituted with nitrogen. These
oxides show improvement in ion conductivity and increase
in decomposition voltage by introducing nitrogen in their
structures.

[0014] There is no particular limitation as to how to
prepare the lithium ion conductor of the present invention,
but for example, the following methods are suitable for
obtaining a thin film of the lithium ion conductor.

[0015] A first preferable method adopts high frequency
sputtering. In this method, sputtering is performed in nitro-
gen gas atmosphere using LiTaO; or a mixture of LiTaO,
and LiNbO; in which nitrogen is not introduced as a target.
As a result of such a sputtering step, a thin vitreous film
comprising a composite oxide containing Li, Ta and N or a
composite oxide containing Li, Ta, Nb and N is obtained. As
the target, an elementary substance of Li, Ta or Nb, or an
oxide or nitride of Li, Ta or Nb may also be used.

[0016] A second preferable method adopts vapor deposi-
tion. According to this method, vapor deposition is carried
out in nitrogen gas atmosphere with use of LiTaO; or a
mixture of LiTaO; and LiNbO, as a source. According to
such a vapor deposition step, a thin vitreous film comprising
a composite oxide containing Li, Ta and N or a composite
oxide containing Li, Ta, Nb and N is obtained. There is no
particular limitation as to how to evaporate the source, but
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for example, resistant heating, electron beam method and the
like may be adopted. As the source, may also be used an
elementary substance of Li, Ta or Nb, or an oxide or nitride
of Li, Ta or Nb.

[0017] A lithium ion conductor may be formed by other
methods than the above, such as laser abrasion, ion plating,
CVD (chemical vapor deposition), sol-gel method, screen
printing and mechanical milling. A person skilled in the field
of composite oxides would freely select a material suitable
for the manufacturing method and establish suitable condi-
tions to obtain a desired composite oxide.

[0018] A composition of the lithium ion conductor of the
present invention may be represented by the general for-
mula: Li,Nb, Ta_O4N,. The general formula preferably sat-
isfies 0.1=a=2.5, 0=b<l, O<c=1, b+c=1, 0.1=d=5 and
0.1=e=2. It is more preferable that the general formula
satisfies 0.1=e=1.

[0019] The more preferable ranges of the parameters a to
eare 0.5%a=2, 0£b=0.95, 0.05=c=1, 1.25=d=3.35 and
0.1=e=1.

[0020] If the values deviate from the above ranges, there
may be caused reduction in ion conductivity of the lithium
ion conductor, increase in activation energy and decrease in
decomposition voltage. In particular, in the case where ¢<0.1
or 2<e, the mobility of lithium ions is apt to decrease,
reducing the ion conductivity. The most preferable range of
e is 0.12=e¢=0.82.

[0021] Where c=0 is satisfied in the general formula, i.e.,
the lithium ion conductor does not contain Ta, the ion
conductivity becomes as low as about 2.5x107° S/cm. How-
ever, if Nb is substituted with Ta having almost the same
ionic radius and ionic valence as those of Nb, the ion
conductivity and the decomposition voltage improve to a
great extent.

[0022] The lithium ion conductor of the present invention
may be applied to gas sensors, electrochromic devices,
all-solid batteries and the like. Among them, it is suitably
used as a solid electrolyte of the all-solid lithium ion
rechargeable batteries.

[0023] FIG. 1 shows a sectional view of an example of an
all-solid lithium ion rechargeable battery.

[0024] The battery of FIG. 1 includes a positive electrode
current collector 2, a positive electrode 3, a solid electrolyte
4, a negative electrode 5 and a negative electrode current
collector 6 which are formed on a base plate 1 in this order.
The positive electrode 3 is entirely covered with the solid
electrolyte 4. The negative electrode 5§ and the negative
electrode current collector 6 are separated from the positive
electrode 3 and the positive electrode current collector 2 by
the solid electrolyte 4 interposed therebetween.

[0025] 1If the lithium ion conductor of the present inven-
tion is used as the solid electrolyte 4, an all-solid lithium ion
rechargeable battery is obtained with favorable cycle char-
acteristics and high-current discharge performance. In FIG.
1, only a single cell is formed on the base plate. However,
it is of course possible to manufacture an all-solid lithium
ion rechargeable battery by stacking two or more cells.

[0026] The all-solid lithium ion rechargeable battery may
be manufactured by sequentially forming films of the posi-
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tive electrode, negative electrode and the like on the base
plate. The film formation may be carried out by sputtering,
vapor deposition, electron beam deposition, laser abrasion,
ion plating, CVD, sol-gel method, screen printing or the like.
If necessary, battery components such as the positive and
negative electrodes may be crystallized by heat treatment or
the like.

[0027] Inorder to manufacture a battery as shown in FIG.
1, it is preferable to use Pt, Au, Fe, Ni, Cu, Al stainless steel
(SUS), Al,O,, Si, SiO,, polyethylene terephthalate (PET) or
the like as the base plate. However, there is no particular
limitation to the base plate material as long as a thin film can
be formed thereon. It is also possible to form a film of the
positive electrode current collector or negative electrode
current collector on various circuit boards.

[0028] As the positive electrode current collector, Pt, Cu,
Ni, Ti and Co are preferably used, but they are not limitative.
In FIG. 1, the positive electrode current collector is in
contact with the base plate, but it is also possible to make the
negative electrode current collector contact with the base
plate. The above-listed materials for the positive electrode
current collector may also be used as the negative electrode
current collector. If a conductive material is used as the base
plate, the base plate serves also as the positive electrode
current collector or the negative electrode current collector.
The positive and negative electrode current collectors have
a thickness of 0.1 to 10 um in general, respectively, but this
is not limitative.

[0029] Next, a positive or negative electrode film is
formed on the positive or negative electrode current collec-
tor.

[0030] As the positive electrode, are preferably used tran-
sition metal oxides such as LiCoO,, LiNiO,, LiMn,O,,
LiNiy 4Mn, ;O,, LiCoq sNi, ,0,, V,05 and MnO,, olivine
oxides such as LiCoPO,, LiFePO,, LiCoPO,F and
LiFePO,F, lithium titanium oxides having Spinel structure
such as Li,Ti;O,,, Li,Fe, sTi;O,, and Li,Zn, STi;O,,, sul-
fides such as TiS, and LiFeS, and mixtures thereof. Any
material may be used for the positive electrode without any
particular limitation as long as it is capable of intercalating
and deintercalating lithium ions. The thickness of the posi-
tive electrode is 0.1 to 10 um in general, but this is not
limitative.

[0031] As the negative electrode, are preferably used
alloys comprising Li, Al, Zn, Sn, In or Si, carbon materials
such as graphite, lithium titanium oxides having Spinel
structure  such as Li,TisO,,, Li,Fe,sTisO;, and
Li,Zn, Ti50,,, sulfides such as TiS,, nitrogen compounds
such as LiCo, (O, 4N and mixtures thereof. Any material
may be used as the negative electrode without any particular
limitation as long as it is capable of intercalating and
deintercalating lithium ions. The thickness of the negative
electrode is 0.1 to 10 um in general, but this is not limitative.

[0032] Then, a thin film of the above-described lithium ion
conductor is formed as a solid electrolyte on the positive or
negative electrode. The solid electrolyte film is formed to
cover the positive or negative electrode entirely as shown in
FIG. 1. The thickness of the solid electrolyte is 0.1 to 10 um
in general, but this is not limitative.

[0033] Subsequently, on the solid electrolyte, a negative or
positive electrode film is formed as a counter electrode
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opposing to the positive or negative electrode which has
been formed below. Then, a desired current collector film is
formed to completely cover the negative or positive elec-
trode film.

[0034] Next, detailed explanation is given of the lithium
ion conductor and the all-solid lithium ion rechargeable
battery according to the present invention by way of
examples. However, the present invention is not limited to
these examples.

EXAMPLES

Example 1

[0035] Thin lithium ion conductor films having the com-
positions shown in Table 1 were formed on base plates by
high frequency sputtering.

[0036] The sputtering target used was (a) LiTaO5 or (b) a
mixture of LiTaO5 and LiNbO;. The size of the target was
4 inches in diameter. The base plate used was a Pt plate. The
sputtering was performed in N, atmosphere of 15 mTorr.
The high frequency output was 200 W.

[0037] For the formation of the thin lithium ion conductor
film, a mask made of stainless steel (20 um in thickness)
having a square opening was mounted on the base plate so
that the thin film was formed in the square shape of 1 cm per
side. The thickness of the thin film was 1 um.

[0038] Then, high frequency sputtering was performed
using Pt as a target to form a Pt thin film as an electrode on
the thin lithium ion conductor film. The size of the target was
3 inches in diameter. The sputtering was performed in Ar
atmosphere of 3 mTorr. The high frequency output was 75
W.

[0039] According to a complex impedance method, ion
conductivities of the obtained thin lithium ion conductor
films were measured at room temperature (25° C.). Table 1
shows the results.

TABLE 1
Conductivity at room

Sample Composition: Li,Nb, Ta O /N, temperature

No. a b c d e [S/em]
1 075 0 1 2.1 0.5 7.0 x 107°
2 0.81 0.1 0.9 2.1 0.55 1.2 x 107*
3 076 0.19 081 2.1 0.53 1.7 x 107*
4 0.85 033 0.67 22 0.49 1.9 x 107*
5 077 039 0.1 2.1 0.51 2.0 x 107*
6 0.69 053 047 2.1 0.52 1.8 x 107*
7 0.6 0.6 04 2 0.53 1.6 x 107*
8 0.67 071 029 2 0.54 1.5 % 107*
9 072 082 018 2 0.6 1.2 x 107*
10 077 089 011 19 0.67 9.0 x 10~°
1 0.8 095 0.05 19 0.66 6.0 x 107°
12 0.91 1 0 2 0.61 2.2 % 107
13 1 0 1 3 0 9.0 x 1078
14 1 1 0 3 0 6.0 x 107
15 0.68 071 029 28 0.06 12 x 1078
16 0.68 071 029 2.7 0.12 1.5 % 107*
17 0.7 0.82 018 23 0.36 1.5 x 107*
18 075 089 011 1.6 0.82 7.5 x 107°
19 079 095 0.05 12 1.1 35x%x 107
20 085 075 025 0.7 1.5 3.1x 107
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Comparative Example 1

[0040] Thin lithium ion conductor films having the com-
positions shown in Table 2 were formed on base plates by
high frequency sputtering.

[0041] The sputtering target used was (c) Li;PO,. The size
of the target was 4 inches in diameter. The base plate used
was a Pt plate. The sputtering was performed in Ar atmo-
sphere of 15 mTorr. The high frequency output was 200 W.
In this way, thin lithium ion conductor films were formed in
the same manner as Example 1 except that nitrogen was not
introduced in the thin films. Then, the ion conductivities of
the obtained thin lithium ion conductor films were measured
at room temperature (25° C.). Table 2 shows the results.

TABLE 2

Conductivity at room

Sample Composition: Li,P. O N, temperature
No a b c d e [S/em]
21 3 — 1 4 0 6.3 x 1078
22 3.3 — 1 3.8 0.22 1.0 x 107°

[0042] Referring to Tables 1 and 2, high ion conductivities
were shown by the thin lithium ion conductor film contain-
ing Li, Ta and N but not Nb (sample No. 1) and the thin
lithium ion conductor films containing Li, Ta, Nb and N
(samples Nos. 2-11) as compared with the thin lithium ion
conductor film of LiPON (sample No. 22) and the one
containing Li, Nb and N but not Ta (sample No. 12). On the
other hand, low ion conductivities were shown by the thin
films in which nitrogen was not introduced (samples Nos.
13, 14 and 21).

Example 2

[0043] An all-solid lithium rechargeable battery was fab-
ricated.

(1) Manufacture of Positive Electrode Current
Collector

[0044] Explanation is given with reference to FIG. 1. As
the base plate, an Si base plate coated with an oxide film
(Si0,) was used. High frequency sputtering was performed
using Pt as a target to form a thin Pt film of 0.2 ym in
thickness as a positive electrode current collector on the base
plate. The sputtering was performed in Ar atmosphere of 3
mTorr. The size of the target was 3 inches in diameter and
the high frequency output was 75 W.

[0045] For the formation of the thin Pt film, a mask made
of stainless steel (20 um in thickness) having a square
opening was mounted on the base plate so that the thin Pt
film was formed in the square shape of 1.2 cm per side.

(i) Manufacture of Positive Electrode

[0046] High frequency sputtering was performed using
LiCoO, as a target to form a thin LiCoO, film of 0.3 ym in
thickness as a positive electrode on the positive electrode
current collector. The sputtering was performed in mixed
atmosphere of Ar of 11 mTorr and O, of 4 mTorr. The size
of the target was 4 inches in diameter and the high frequency
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output was 200 W. The temperature of the base plate during
the sputtering was kept at 800° C.

[0047] For the formation of the thin LiCoO, film, a mask
made of stainless steel (20 um in thickness) having a square
opening was mounted on the base plate on which the Pt film
had been formed so that the thin LiCoO, film was formed in
the square shape of 1.0 cm per side.

(iii) Manufacture of Solid Electrolyte

[0048] High frequency sputtering was performed using a
mixture of 0.4 moles of LiNbO; and 0.6 moles of LiTaO; as
a target to form a thin lithium ion conductor film of 1 gm in
thickness as a solid electrolyte on the positive electrode. The
sputtering was performed in N, atmosphere of 15 mTorr.
The size of the target was 4 inches in diameter and the high
frequency output was 200 W.

[0049] For the formation of the thin lithium ion conductor
film, a mask made of stainless steel (20 um in thickness)
having a square opening was mounted on the base plate on
which the positive electrode current collector and positive
electrode had been formed in sequence so that the thin
lithium ion conductor film was formed in the square shape
of 1.5 cm per side.

(iv) Manufacture of Negative Electrode

[0050] Resistance heating vacuum vapor deposition was
carried out using an artificial graphite (mean particle diam-
eter 25 um) as a source to form a thin carbon film of 0.5 yum
in thickness as a negative electrode on the solid electrolyte.
For the formation of the thin carbon film, a mask made of
stainless steel (20 um in thickness) having a square opening
was mounted on the base plate on which the positive
electrode current collector, positive electrode and solid
electrolyte had been formed in sequence so that the thin
carbon film was formed in the square shape of 1 cm per side.

(v) Manufacture of Negative Electrode Current
Collector

[0051] High frequency sputtering using Cu as a target was
performed to form a thin Cu film of 0.5 um in thickness as
a negative electrode current collector on the negative elec-
trode. The sputtering was performed in Ar atmosphere of 4
mTorr. The size of the target was 4 inches in diameter and
the high frequency output was 100 W.

[0052] For the formation of the thin Cu film, a mask made
of stainless steel (20 um in thickness) having a square
opening was mounted on the base plate on which the
positive electrode current collector, positive electrode, solid
electrolyte and negative electrode had been formed in
sequence so that the thin Cu film was formed in the square
shape of 1.2 cm per side.

[0053] Thus, an all-solid lithium ion rechargeable battery
was completed.

Examples 3-9

[0054] All-solid lithium ion rechargeable batteries were
fabricated using the same steps and materials as those of
Example 2 except that the positive electrodes were formed
by high frequency sputtering using LiNiO,, LiMn,O,,
LiCoPO,, LiFePO,, LiCoPOF, LiFePO,F and LiFeO, as
targets, respectively.
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Examples 10-18

[0055] All-solid lithium ion rechargeable batteries were
fabricated using the same steps and materials as those of
Example 2 except that the positive electrodes were formed
by high frequency sputtering using LiCoO,, LiNiO,,
LiMn,0,, LiCoPO,, LiFePO,, LiCoPO,F, LiFePO,F,
LiFeO, and V,0; as targets, respectively, and the negative
electrodes were formed by resistance heating vacuum vapor
deposition using Li as a source.

Examples 19-26

[0056] All-solid lithium ion rechargeable batteries were
fabricated using the same steps and materials as those of
Example 2 except that the positive electrodes were formed
by high frequency sputtering using LiCoO,, LiNiO,,
LiMn,0,, LiCoPO,, LiFePO,, LiCoPO,F, LiFePO,F and
LiFeO as targets, respectively, and the negative clectrodes
were formed by high frequency sputtering using Si as a
target.

Examples 27-34

[0057] All-solid lithium ion rechargeable batteries were
fabricated using the same steps and materials as those of
Example 2 except that the positive electrodes were formed
by high frequency sputtering using LiCoO,, LiNiO,,
LiMn,0,, LiCoPO,, LiFePO,, LiCoPO,F, LiFePO,F,
LiFeO, and V,0s5 as targets, respectively, and the negative
electrodes were formed by high frequency sputtering using
Li,Ti5O,, as a target.

Example 35

[0058] An all-solid lithium ion rechargeable battery was
fabricated using the same steps and materials as those of
Example 2 except that the positive electrode was formed by
high frequency sputtering using V,O5 as a target and the
negative electrode was formed by resistance heating vacuum
vapor deposition using LiCo, O, ,N as a source.

Comparative Examples 2-35

[0059] All-solid lithium ion rechargeable batteries were
fabricated using the same steps and materials as those of
Examples 2-35 except that LiPON was used as the solid
electrolyte.

Evaluations and Results

(i) Cycle Characteristics

[0060] All-solid rechargeable batteries fabricated in
Examples 2-35 and those fabricated in Comparative
Examples 2-35 were subjected to a charge-discharge test.
More specifically, the batteries were subjected to 1000
charge-discharge cycles at 80° C., under charge current of 4
C and discharge current of 20 C. Table 3 shows a capacity
maintenance ratio (a percentage of capacity after 1000
cycles to the initial capacity), end-of-charge voltage and
end-of-discharge voltage obtained at that time.

(ii) High-Current Discharge Performance

[0061] Table 3 also shows the capacity ratios when the
discharge currents are 1 C and 20 C, respectively (a per-
centage of discharge capacity at 20 C rate to discharge
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capacity at 1 C rate). The reason why the above-described
severe conditions were established is to make significant
differences between the batteries of Examples and Com-
parative Examples.

[0062] As a result of a component analysis, the composi-
tion of the solid electrolyte used in Examples 2-35 was
Liy ,-Nbg 30Tag 6105 15Ng 5;- The composition of LiPON
used in Comparative Examples was Li; ;PO; (N ..
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lithium ion conductor of the present invention had high ion
conductivity, excellent high-current discharge performance
was shown as compared with the case where the solid
electrolyte having low ion conductivity was used.

[0064] From these results, it is evident that the use of a
lithium ion conductor of the present invention as the solid
electrolyte allows obtaining an all-solid lithium ion

TABLE 3
Capacity Capacity Capacity Capacity
Positive ~ Negative V1 V2FE* maintenance ratio Com. maintenance ratio
electrode  electrode V) (V) Ex ratio [%] [%] Ex ratio [%] [%]
LiCoO, C 4.2 3.0 2 85 88 2 55 46
LiNiO, C 4.2 3.0 3 75 77 3 45 43
LiMn, O, C 4.2 3.0 4 81 85 4 36 34
LiCoPO, C 5.0 4.0 5 86 87 5 35 28
LiFePO, C 3.9 1.8 6 71 73 6 51 43
LiCoPOF C 5.4 4.0 7 80 82 7 32 25
LiFePO,F C 3.9 1.8 8 79 79 8 41 29
LiFeO, C 4.1 1.5 9 77 77 9 51 31
LiCoO, Li 4.3 3.0 10 78 79 10 60 52
LiNiO, Li 4.3 3.0 11 72 75 11 44 39
LiMn,O, Li 4.3 3.0 12 76 80 12 39 31
LiCoPO, Li 5.1 4.0 13 80 82 13 30 25
LiFePO, Li 4.0 1.8 14 71 75 14 45 31
LiCoPO,F Li 5.5 4.0 15 75 77 15 37 31
LiFePO,F Li 4.0 1.8 16 72 74 16 57 61
LiFeO, Li 4.2 1.5 17 69 72 17 59 58
V,0s5 Li 3.6 1.5 18 85 89 18 60 34
LiCoO, Si 3.9 2.6 19 77 79 19 48 43
LiNiO, Si 3.9 2.6 20 71 74 20 47 40
LiMn,O, Si 3.9 2.6 21 70 71 21 37 30
LiCoPO, Si 4.7 3.6 22 69 73 22 30 27
LiFePO, Si 3.6 1.4 23 75 77 23 49 42
LiCoPO,F Si 5.1 3.6 24 74 77 24 34 30
LiFePO,F Si 3.6 1.4 25 72 73 25 51 49
LiFeO, Si 3.8 1.1 26 69 73 26 45 40
LiCoO,  Li,Ti;O;, 28 15 27 0 81 27 61 49
LiNiO,  Li,Ti,O,, 28 15 28 75 79 28 57 49
LiMn,O, Li,Ti;O;, 28 15 29 81 83 29 40 34
LiCoPO, Li,Ti;O;, 36 25 30 86 87 30 40 30
LiFePO, Li,Ti;O;, 25 03 31 71 73 31 47 39
LiCoPO,F Li,Ti;O,, 40 25 3 0 85 32 41 32
LiFePO,F Li,Ti,O,, 25 03 33 79 81 33 55 47
LiFeO,  Li,Ti;O;, 27 00 34 77 78 34 52 44
V,0s5 LiCo, O,,N 31 10 35 88 88 35 46 37

V1*: end-of-charge voltage
V2#*: end-of-discharge voltage

[0063] Table 3 shows the cycle characteristics (capacity
maintenance ratio) and the high-current discharge perfor-
mance (capacity ratio). In the case where the lithium ion
conductor LiPON was used as the solid electrolyte, deterio-
ration of the cycle characteristics became remarkable, sug-
gesting that the decomposition of the solid electrolyte was
taken place. In contrast, in the case where the lithium ion
conductor of the present invention was used, favorable cycle
characteristics were shown and hence it is assumed that the
decomposition of the solid electrolyte was not caused.
Further, even if a high potential positive electrode such as
LiCoPO, was used, the deterioration of the cycle character-
istics was alleviated by using the lithium ion conductor of
the present invention as compared with the case where
LiPON was used as the solid electrolyte. Moreover, since the

rechargeable battery having excellent cycle characteristics
and high-current discharge performance.

[0065] In other words, the present invention provides a
lithium ion conductor having excellent ion conductivity and
high composition voltage. Thus, by using a thin film of the
lithium ion conductor as a solid electrolyte, the present
invention allows manufacture of an all-solid lithium ion
rechargeable battery capable of high-current discharging and
showing favorable cycle characteristics.

[0066] Although the present invention has been described
in terms of the presently preferred embodiments, it is to be
understood that such disclosure is not to be interpreted as
limiting. Various alterations and modifications will no doubt
become apparent to those skilled in the art to which the
present invention pertains, after having read the above

PETITIONERS Ex. 1014
7 of 8



US 2004/0096745 Al

disclosure. Accordingly, it is intended that the appended
claims be interpreted as covering all alterations and modi-
fications as fall within the true spirit and scope of the
invention.

1. A lithium ion conductor comprising a composite oxide
containing Li, Ta and N.

2. The lithium ion conductor in accordance with claim 1,
wherein said composite oxide further contains Nb.

3. The lithium ion conductor in accordance with claim 1,
wherein the composition of said composite oxide is repre-
sented by the general formula: Li,Nb,Ta O;N_, where
0.1=a=2.5, 0=b<l, 0<c=1, b+c=1, 0.1=d=5 and
0.1=e=2.

4. The lithium ion conductor in accordance with claim 3,
wherein said general formula further satisfies 0.1=e=1.

5. The lithium ion conductor in accordance with claim 3,
wherein said general formula further satisfies 0.12=¢=0.82.

May 20, 2004

6. An all-solid lithium ion rechargeable battery compris-
ing a positive electrode, a negative electrode and a solid
electrolyte interposed between said positive electrode and
negative electrode, wherein

said solid electrolyte comprises a lithium ion conductor
film, and

said lithium ion conductor film comprises a composite
oxide containing Li, Ta and N.

7. The all-solid lithium ion rechargeable battery in accor-
dance with claim 6, wherein said composite oxide further
contains Nb.

8. The all-solid lithium ion rechargeable battery in accor-
dance with claim 6, wherein the composition of said com-
posite oxide is represented by the general formula: LiN-
b,Ta,O4yN, where 0.1=a=25, 0=b<l, 0<c=1, b+c=1,
0.1=d=5 and 0.1=e=2.

#* #* #* #* #*
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