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(57) ABSTRACT 

An electrical storage device of the present invention is 
characterized in that a positive electrode, a negative elec 
trode, a lithium electrode, and an electrolyte capable of 
transferring lithium ion is included, the lithium electrode is 
arranged to be out of direct contact With the negative 
electrode, and lithium ion can be supplied to the negative 
electrode by ?owing a current betWeen the lithium electrode 
and the negative electrode through an external circuit. With 
the above characteristic, problems such as non-uniform 
carrying of lithium ion to the negative electrode, shape 
change of a cell, and temperature increase of an electrolytic 
solution under incomplete sealing of a cell and the like can 
be easily solved. A using method of the electrical storage 
device is characterized in that, by using the lithium electrode 
as a reference electrode, the positive electrode potential and 
negative electrode potential can be measured, and the poten 
tial of the positive or negative electrode can be controlled 
When the electrical storage device is charged or discharged. 
Therefore, the potentials of the positive electrode and nega 
tive electrode can be monitored, thereby it can be easily 
determined Whether deterioration of the electrical storage 
device is caused by the positive electrode or the negative 
electrode. Also, it is possible to control the device With the 
potential difference betWeen the negative electrode and 
reference electrode, that is, the negative potential. In addi 
tion, When characteristics deteriorate such as the internal 
resistance increase, an appropriate amount of lithium ion can 
be supplied to the negative electrode and/or positive elec 
trode by the lithium electrode. 
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FIG. 2 
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FIG. 5 
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FIG. 6 
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FIG. 7 
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FIG. 9 
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FIG. 11 
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FIG. 12 
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FIG. 14 
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ELECTRICAL STORAGE DEVICE AND 
MANUFACTURING ELECTRICAL STORAGE 

DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to an electrical stor 
age device and a manufacturing method of an electrical 
storage device capable of readily preventing non-uniform 
carrying When lithium ions are carried to a negative elec 
trode, and shape-changing of a negative electrode. 

BACKGROUND ART 

[0002] Recently, With a high energy concentration, a sec 
ondary battery having a positive electrode such as a con 
ductive polymer and a transition metal oxide and a negative 
electrode such as a lithium metal or a lithium alloy (here 
inafter, brie?y referred to as a lithium metal) has been 
proposed to replace a Ni—Cd battery and a lead battery. 
HoWever, When charging and discharging are repeatedly 
performed, this secondary battery is subject to large, reduc 
tion of capacity due to degradation of the positive electrode 
or the negative electrode, and thus there remains a practical 
problem. In particular, degradation of the negative electrode 
leads to generation a mossy lithium crystal called as a 
dendrite, and With repetitive charging and discharging the 
dendrite penetrates a separator to cause a short-circuit inside 
the battery, and in some cases, there might have a problem 
in terms of safety such as explosion of the battery. 

[0003] Here, in order to solve the foregoing problems, a 
battery has been proposed having a negative electrode made 
of a carbon material such as graphite and a positive electrode 
made of a lithium containing metal oxide such as LiCoO2. 
This battery is a so-called rocking chair type battery such 
that, after assembling the battery, the lithium is supplied 
from the lithium containing metal oxide of the positive 
electrode to the negative electrode for charging and the 
lithium of the negative electrode is supplied backed to the 
positive electrode for discharging. This is distinguished from 
the lithium battery that uses metal lithium in that only the 
lithium ions are used in charging and discharging rather than 
using the metal lithium at the negative electrode, so that it 
is called as a lithium ion secondary battery. This battery has 
characteristics such as high voltage, high capacity, and high 
stability. 
[0004] The lithium ion secondary battery is Widely used 
for a mobile phone and a notebook personal computer, and 
thus there is a need for improvement of energy density. 
Generally, increases in each discharging capacity of the 
positive electrode and the negative electrode, improvement 
of charging and discharging efficiency, and improvement of 
electrode density are examined. In general, in designing a 
cell, a thickness and a density of each electrode is deter 
mined such that a charging amount of the positive electrode 
is identical to a charging amount of the negative electrode. 
Therefore, a discharging capacity of the cell is determined 
by a the loWer efficiency betWeen charging and discharging 
ef?ciencies of the positive electrode or the negative elec 
trode, and thus a cell capacity groWs larger as the charging 
and discharging ef?ciency is increased. 

[0005] A research and development has been made on the 
negative electrode that uses an amorphous material such as 
tin oxide or polyacenic semiconductor (hereinafter, referred 

Mar. 16, 2006 

to as PAS) as a negative electrode for the lithium ion 
secondary battery. Examples of the PAS, Which can be 
obtained through annealing aromatic polymer, includes 
insoluble and infusible base having a polyacene-based skel 
etal structure as disclosed in Japanese Examined Patent 
Application Publication Nos. Hei1-44212, and Hei3-24024. 
In addition, the PAS having a BET speci?c surface area of 
600 m2/g can be obtained through a method disclosed in a 
method disclosed in Japanese Examined Patent Application 
Publication No. Hei3-24024. These amorphous materials 
have a high capacity, and a high nonreversible capacity. For 
this reason, With a typical arrangement of the typical lithium 
ion secondary cell, 100% of a negative electrode capacity 
can be used While only 60 to 80% of a positive electrode 
capacity can be used, Which leads to not that high capacity. 

[0006] With respect to this, the inventors herein achieved 
a high capacity by carrying the lithium ion to the negative 
PAS in advance, according to a method disclosed in Japa 
nese Unexamined Patent Application Publication No. Hei8 
7928. With the lithium ion to the negative PAS, 100% of 
discharging capacity for both the positive and negative 
electrodes can be used and thus a high capacity can be 
achieved, compared to a conventional design Where only 60 
to 80% of the positive electrode capacity can be used. 

[0007] As described above, the lithium ion secondary 
battery has been studied as a high capacity and poWerful 
poWer supply and commercialiZed as a primary poWer 
supply of typical notebook computer or mobile telephone. 
Of these, the mobile telephone has progressed into a small 
siZed and light-Weighted one, and thus there is also a need 
for a small siZed and light Weighted lithium ion secondary 
ion used for the primary poWer supply. As a result, an outer 
case of a squared battery is changed from iron to aluminum 
and a Weight is signi?cantly reduced. In addition, there is a 
need for a thin battery having a thickness of 4 mm or 3 mm, 
so that a ?lm battery that uses an aluminum laminated ?lm 
as an outer material has been Widely used With an increasing 
pace. In addition, While focusing on environmental issues, a 
storage system of a regenerative energy using a solar pho 
tovoltaic or a Wind poWer plant, a distributed type poWer 
supply for the purpose of regulating a poWer load, or an 
automobile poWer supply (main poWer and auxiliary poWer) 
involved in a gasoline car have been progressively devel 
oped. In addition, up to noW, While a lead battery is used for 
a poWer supply of electric equipment of the automobile, 
apparatuses such as a poWer WindoW or a stereo has recently 
improved, and thus there is a need for a neW poWer supply 
in terms of an energy density and an output density. At the 
same time, in terms of battery shape, there is also a need for 
an arrangement of a thin frame that uses a laminated ?lm as 
an outer case, compared to the conventional rounded or 
squared type. This is less restrictive to location for a case 
Where a space is limited such as a load conditioner installed 
in the household or a vehicle trunk, and thus, examination 
thereof is substantially progressed. 

[0008] Like this, a ?lm type lithium ion secondary battery 
has been Widely used in various ?elds as a high capacity and 
space saving poWer supply. 

[0009] As a method of carrying lithium ion to the negative 
electrode of the lithium ion secondary battery in advance, 
one cell having metal lithium in addition to the lithium ion 
secondary battery is arranged to carry a predetermined 



US 2006/0057433 A1 

amount of lithium ion into the negative electrode, hoWever, 
it is not desirable due to its complicated manufacturing 
process. 

[0010] Regarding this, as an industrially convenient Way, 
a method of electrochemically contacting the lithium metal 
and a negative electrode arranged in the cell is proposed. In 
a given method, carrying the lithium ion With electrochemi 
cal contact betWeen the lithium metal and the negative 
electrode can be facilitated by using a material having an 
opening that penetrates a front and rear surfaces, such as 
expanded metal, as a positive electrode collector and a 
negative electrode collector. In addition, the lithium ion can 
be readily carried With the lithium metal arranged to face the 
negative or positive electrode. 

[0011] HoWever, in the method of electrochemically con 
tacting the lithium metal and the negative electrode, carry is 
non-uniformly provided betWeen the negative electrode 
arranged near the lithium metal and the negative electrode 
around far from the lithium metal, or even betWeen a center 
and a corner in a sheet of the negative electrode. In addition, 
it is impossible to check Whether a predetermined amount of 
lithium ion is carried, and thus a voltage of the electrical 
storage device is just used as a reference. 

[0012] Further, in the method of electrochemically con 
tacting the lithium metal With the negative electrode, While 
carry of the lithium ion is initiated at the time of injecting the 
electrolyte, the electrode is not Well ?xed at the time of 
injecting the electrolyte solution. Therefore, a problem 
occurs that the negative electrode is hardened in a rippled 
shape. 
[0013] In particular, for a thin ?lm type electrical storage 
device that uses an aluminum laminated ?lm as an outer case 

material, a contact pressure from the outer container is Weak 
so that the phenomenon appears noticeably, and the strain 
and Wrinkle of electrode leads to cell shape-change. When 
the lithium ion is carried With the electrode in the rippled 
shape, it Will be hardened as it is, thus leading to the 
distorted cell and thus degradation of the battery perfor 
mance. 

[0014] In addition, When carry of the lithium ion is initi 
ated, the negative electrode emits a heat and thus a tem 
perature increases. Here, When the temperature increases 
While the cell is not fully sealed, a problem such as solvent 
evaporation may occur. In particular, When more than tWo 
types of solvents are mixed, a composition of the solvents 
may vary, Which causes non-uniform characteristics 
betWeen cells. 

[0015] Therefore, an object of the present invention is to 
provide an electrical storage device and a manufacturing 
method of an electrical storage device, With Which the 
electrical storage device can be easily manufactured, it can 
be checked Whether a predetermined amount of lithium ion 
is carried, the potential of a positive or negative electrode 
can be controlled at the time of charging and discharging, 
and non-uniform carry of the lithium ion and shape-change 
of the negative electrode can be readily prevented. 

DISCLOSURE OF THE INVENTION 

[0016] In order to solve the above-mentioned problems 
and to achieve the objects, an electrical storage device 
according to claim 1 includes a positive electrode, a negative 
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electrode, a lithium electrode and an electrolyte capable of 
transferring lithium ion, and the lithium electrode is 
arranged to be out of direct contact With the negative 
electrode and/or the positive electrode. Lithium ion can be 
supplied to the negative electrode and/or the positive elec 
trode by ?oWing current betWeen the lithium electrode and 
the negative electrode and/or the positive electrode through 
an external circuit. 

[0017] According to the invention of claim 1, problems 
such as non-uniform carry of lithium ion to the negative 
electrode and/or the positive electrode, shape-change of a 
cell, and temperature increase of an electrolytic solution 
under incomplete sealing of a cell can be easily solved. 

[0018] For example, When the negative electrode lithium 
ion is carried, conventionally, the lithium electrode and the 
negative electrode arranged in the cell are electrochemically 
contact so that the carry of lithium ion is initiated at the time 
of injecting electrolyte, and thus there occurs a problem in 
that non-uniform of the carry is generated betWeen a portion 
that the lithium ion is easily carried and a portion that the 
lithium ion is not easily carried, or that the negative elec 
trode is hardened in the ripple shape. According to the 
present invention, the carry of lithium ion is initiated by 
?oWing current betWeen the lithium electrode and the nega 
tive electrode. Therefore, lithium ion carry timing can be 
easily controlled, and thus, for example, after sealing to the 
outer container, the carry of lithium ion can be initiated to 
the negative electrode With planariZed positive and negative 
electrodes and an electrical storage device having a high 
surface ?atness can be easily manufactured. 

[0019] In addition, in the conventional method, lithium 
ion is transferred While the electrical storage device is not 
completely sealed, so that there is a problem in that tem 
perature of electrolyte increases and a solvent is evaporated. 
HoWever, in the present invention, the lithium ion carry 
timing can be easily controlled, so that a temperature 
increase of the electrolyte While the electrical storage device 
is not completely sealed can be easily avoided. 

[0020] Further, in the conventional method, the lithium 
electrode and the negative electrode arranged in the cell are 
electrochemically contact, so that the potential difference 
betWeen the lithium electrode and the negative electrode 
becomes 0 V. Regarding the resistance of lithium electrode, 
it takes a substantial amount of time to carry lithium ion 
since the potential of the negative electrode is higher than 0 
V. HoWever, according to the present invention, the current 
can be ?oWed betWeen the negative electrode and the 
lithium electrode through the external circuit, so that, for 
example, a minus voltage is applied betWeen the negative 
electrode and the lithium electrode. Thus the lithium ion can 
be forcefully carried and a time to carry lithium ion can be 
reduced. 

[0021] In addition, in the conventional method, the lithium 
electrode and the negative electrode arranged in the cell are 
electrochemically contact, so that the carry of lithium ion is 
initiated at the time of injecting the electrolyte. Thus, in the 
beginning, a large current partially ?oWs so that mossy metal 
lithium is generated at a portion of the negative electrode, 
Which may cause a shirt-circuit. HoWever, according to the 
present invention, since the current ?oWing betWeen the 
negative electrode and the lithium electrode through the 



US 2006/0057433 A1 

external circuit can be controlled, the lithium ion can be 
carried in a current that does not generate the mossy metal 
lithium. 

[0022] Further, the electrical storage device of the present 
invention includes cells, in Which metal lithium is addition 
ally provided as a counter electrode, thereby a complicated 
manufacturing process such as carrying a predetermined 
amount of lithium ion in the negative electrode is not 
required, and the electrical storage device can be easily 
manufactured. 

[0023] In addition, When the lithium electrode can supply 
the lithium ion to the negative electrode and/or the positive 
electrode, the carry of lithium ion to the negative electrode 
is provided by electrochemically contacting the lithium 
electrode and the negative electrode arranged in the cell, as 
described above, and the lithium electrode can be used as a 
reference electrode. At this time, the above-mentioned prob 
lems occurs since the carry of lithium ion is initiated before 
sealing, but it can be properly determined Whether the 
predetermined amount of lithium ion is carried to the 
negative electrode, by measuring a potential difference 
betWeen the lithium electrode and the negative electrode. In 
this case, it is more desirable in ?nding a lithium ion carry 
amount that non-uniform carry of lithium ion and shape 
change of a cell are suppressed With both the lithium 
electrode for supplying the negative electrode lithium ion 
and the lithium electrode as a reference electrode. 

[0024] In addition, in the electrical storage device claimed 
in claim 2, the electrolyte may be made of a lithium salt 
aprotic organic solvent solution. 

[0025] With the invention claimed in claim 2, the lithium 
salt aprotic organic solvent solution is used as the electro 
lyte, so that, preferably, the solvent is not electrically decom 
posed even in a high voltage. 

[0026] In addition, in the electrical storage device claimed 
in claim 3, the positive electrode and the negative electrode 
may be formed on a positive electrode collector and a 
negative electrode collector, respectively. Further each of the 
positive and negative electrode collectors may have an 
opening that penetrates a front and rear surfaces. 

[0027] According to the invention claimed in claim 3, the 
lithium ion can be freely transferred through the penetrating 
hole betWeen respective electrodes, so that the carry of 
lithium ion to the negative electrode and/or the positive 
electrode from the lithium electrode and charging and dis 
charging can be facilitated. 

[0028] In addition, according to the electrical storage 
device claimed in claim 4, the lithium electrode may be 
formed on a lithium electrode collector made of a conduc 
tive porous body, and at least a part of the lithium electrode 
may be buried on a porous portion of the lithium electrode 
collector. 

[0029] According to the invention claimed in claim 4, at 
least the part of the lithium electrode is buried into pores of 
the lithium electrode collector, so that the lithium ion is 
carried to the negative electrode and/or the positive elec 
trode from the lithium electrode, and even When the lithium 
electrode is vanished, a gap generated betWeen the elec 
trodes caused by a loss of the lithium electrode is preferably 
small. 
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[0030] In addition, according to the electrical storage 
device claimed in claim 5, the electrical storage device may 
have an outer container made of a laminated ?lm. 

[0031] With the invention claimed in claim 5, the lami 
nated ?lm is used as an outer container, so that the electrical 
storage device can be preferably small-siZed and light 
Weighted. In addition, While the ?lm type electrical storage 
device protected With the laminated ?lm has a Weak contact 
pressure from the outer container, so that strain, shape 
change and the like of the electrode may directly lead to 
shape-change of a cell. HoWever, With the arrangement of 
the present invention claimed in claim 1 and the subsequent 
claims, the above problems can be easily solved. 

[0032] In addition, according to the electrical storage 
device claimed in claim 6, the lithium electrode may be 
arranged to face the negative electrode and/or the positive 
electrode. 

[0033] With the invention claimed in claim 6, since the 
lithium electrode is arranged to face the negative electrode 
and/or the positive electrode, preferably, the lithium ion can 
be smoothly carried to the negative electrode and/or the 
positive electrode from the lithium electrode. 

[0034] In addition, the electrical storage device claimed in 
claim 7 may further include an electrode stack unit having 
an electrode couple stacked in more than three layers, in 
Which the electrode couple has the positive electrode and the 
negative electrode. 

[0035] With the invention claimed in claim 7, more than 
three layers are stacked to form an electrode couple that 
includes the positive electrode and the negative electrode, so 
that a surface area of the electrode can be increased Without 
enlarging an area of the electrical storage device. Thus, 
preferably, With a compact siZe, it has a loW internal resis 
tance and a large storage capacity. 

[0036] In addition, the electrical storage device claimed in 
claim 8 may further include an electrode stack unit having 
an electrode couple rolled, in Which the electrode couple has 
the positive electrode and the negative electrode. 

[0037] With the invention claimed in claim 8, the elec 
trode couple having the positive electrode and the negative 
electrode is rolled, so that the surface area of the electrode 
can be increased Without enlarging an area of the electrical 
storage device. Thus, preferably, With a compact siZe, it has 
a loW internal resistance and a large storage capacity. 

[0038] In addition, according to the electrical storage 
device claimed in claim 9, the electrical storage device may 
be made of a capacitor. 

[0039] With the invention claimed in claim 9, the electri 
cal storage device of the present invention capable of 
carrying a predetermined amount of lithium ion to the 
negative electrode in advance is used for a capacitor, so that 
the potential of the negative electrode can be reduced and 
preferably a capacitor having a large storage capacity can be 
obtained. 

[0040] In addition, according to the electrical storage 
device claimed in claim 10, the positive electrode may 
contain a material that can reversibly carry the lithium ion 
and/or anions as a positive electrode active material. The 
negative electrode may contain a material that can reversibly 




































