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(57) ABSTRACT

A voltage-responsive optical sensing device such as a semi-
conductor device of a light emitting device and/or liquid
crystal device of a sensing apparatus for sensing an exces-
sive charge and/or excessive discharge state of a battery,
such as a lithium 1on secondary battery 1s incorporated 1nto
an 1nside of a cell of a cell group to form the battery. For
example, with electrodes of the liquid crystal device con-
nected 1n parallel to the cell and a light beam of an external
light source introduced into the liquid crystal device, a photo
sensor senses a change 1n a light-transmissive characteristic
of the liquid crystal device so that the state of the cell
constituting the battery can be sensed.
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BATTERY STATE SENSING APPARATUS

BACKGROUND OF THE INVENTION
[0001]

a) Field of the Invention

10002] The present invention relates to an apparatus for
sensing a state of a battery such as charge and/or discharge
state of the battery such as a lithtum 10on secondary battery.

[0003] b) Description of the Related Art

[0004] It is well known that the battery in an excessive
charge/discharge state of the battery, e.g., the lithium 1on
secondary battery causes a deterioration of the battery so
that a battery performance cannot be secured.

0005] In addition, it 1s necessary to secure an intercellular
balance 1n a lithium 10n battery. Hence, if a: group of cells
to form the battery 1s manufactured, a, so-called, cell con-
troller to make states of the respective cells of the battery
(charge and discharge states) equal to each other is required.

SUMMARY OF THE INVENTION

[0006] However, a conventional cell controller requires a
wide 1nstallation area with a large circuitry even 1if circuit

parts are 1nstalled on electrodes of cell after the cell 1s
manufactured.

[0007] A complicated wiring is needed to connect each
cell to the cell controller and each cell has a mutually
different potential. Hence, 1ts circuit complexity 1s
mncreased. In addition, 1t 1s difficult to 1nstall the circuit on
laminated electrodes of such a bipolar cell or so forth.

[0008] Furthermore, the conventional cell controller con-
sumes relatively largely a current 1in a sensing operation of,
for example, discharge quantity.

[0009] There is a great possibility of accelerating a dis-
charge of the battery 1n the discharge state. In this case, it 1s
presumed that a battery performance cannot sufficiently be
secured.

[0010] It 1s, hence, an object of the present invention to
provide an apparatus for sensing a state of a battery 1n which
a voltage-responsive optical sensing device such as a light
emitting device, luminescent semiconductor micro-crystals
and/or liquid crystal device to sense an excessive charge/
discharge state of the battery can integrally and simply be
installed into an inside of the battery without unnecessary
wiring and the performance of battery can sufficiently be
secured with less consumption of current.

0011] According to one aspect of the present invention,
there 1s provided an apparatus for sensing a state of a battery,
the apparatus comprising: a voltage-responsive optical sens-
ing device having an optical characteristic that changes 1n
response to a variation in a voltage across positive and
negative electrodes of a cell constituting the battery; and a
state sensing system that senses a change i1n the optical
characteristic of the voltage-responsive optical sensing
device to sense the state of the battery.

[0012] This summary of the invention does not necessarily
describe all necessary features so that the invention may also
be a sub-combination of these described features.
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BRIEF DESCRIPITION OF THE DRAWINGS

[0013] FIG. 1 is a schematic cross sectional view of a cell
of a lithium 1on secondary battery to which a battery state
sensing apparatus 1n a first preferred embodiment according
to the present 1invention 1s applicable.

10014] FIG. 2 is a schematic cross sectional view of a cell
of a lithium 10on secondary battery to which a battery state
sensing apparatus in a second preferred embodiment accord-
ing to the present invention 1s applicable.

[0015] FIG. 3 is a schematic cross sectional view of a cell
of a lithium 10on secondary battery to which a battery state
sensing apparatus 1n a third preferred embodiment according

to the present 1nvention 1s applicable.

[0016] FIGS. 4A and 4B are schematic cross sectional

view and perspective view of a laminated multi-cell sec-
ondary battery to which the battery state sensing apparatus
in a fourth preferred embodiment according to the present
invention 1s applicable.

[0017] FIGS. 5A, 5B, 6A, and 6B are explanatory views

of the battery state sensing apparatus 1n a fifth preferred
embodiment for explaining an operation of the battery state
sensing apparatus of the fifth preferred embodiment.

[0018] FIG. 7 1s a characteristic graph representing a
discharge curve of the cell to which the battery state sensing
apparatus according to the present invention 1s applicable.

[0019] FIG. 8 is an explanatory connection diagram of a
cell group of the cells connected 1n series with each other to
which the battery state sensing apparatus 1n a sixth preferred
embodiment according to the present invention 1s appli-
cable.

[10020] FIG. 9A is an explanatory connection diagram of
the cell group of the cells connected 1n series with each other
to which the battery state sensing apparatus 1n a seventh
preferred embodiment according to the present invention 1s
applicable.

[10021] FIG. 9B is an explanatory connection diagram of
the cell group of the cells connected 1n parallel to each other
to which an alternative of the battery state sensing apparatus
in the seventh preferred embodiment shown 1n FIGS. 9A and
10 1s applicable.

[10022] FIG. 10 is an explanatory cross sectional view of
the cell of the cell group to which same components of the
battery state sensing apparatus shown in FI1G. 9A 1s applied.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0023] Reference will hereinafter be made to the drawings
in order to facilitate a better understanding of the present
invention.

0024] (First Embodiment)

0025] FIG. 1 shows a first preferred embodiment of a
battery state sensing apparatus according to the present
ivention.

[0026] The battery is constituted by a positive electrode 2,
a negative electrode 3, and a separator 3.

[10027] A manufacturing method of the battery state sens-
ing apparatus shown 1n FIG. 1 will be described below.
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[0028] (1) A small hole 1s penetrated through the separator
5 as a through hole and a luminescent element, viz., a light
emitting device 1 having a high solvent-resistant character-
istic 1s disposed 1n the through hole of the separator 5 so that
clectrodes of the light emitting device 1 are exposed to both
surfaces of the separator 5.

[0029] (2) Positive and negative electrodes 2 and 3 are
applied to both surfaces of the separator § and both elec-
trodes of the light emitting device 1 are respectively con-
tacted on active materials of the electrodes 2 and 3.

0030] (3) A light emitting start voltage of the light emit-
ting device 1 1s dependent upon a selection of materials of
the battery in which the light emitting device 1s incorporated
and upon a control design of the battery.

[0031] Hence, the light emitting device 1 is so structured
as to emit a light beam when a full charge potential 1s
reached which 1s prescribed in the battery system.

[0032] As described above, since, in the first embodiment,
a small hole (so-called, a defect portion) is formed ion part
of the separator 5 and the semiconductor light emitting
device 1 1s mstalled in an inner part of the separator 35, lead
wires to connect the device 1 to the positive and negative
clectrodes 2 and 3 the lead wires to be connected to fixing
portions of both electrodes of the battery, and a semicon-
ductor device 1nstallation portion can be omitted.

[0033] Since the voltage-responsive optical sensing device
can integrally be installed in the separator 5 between the
positive and negative electrodes 2 and 3, a volumetric
efficiency can remarkably be improved and a manufacturing
cost can be reduced as compared with such a comparative
example 1n which a sensor to sense the full charge of the
battery 1s installed at an outside of the battery and connected
in parallel to the battery. It 1s noted that, in FIG. 1, a photo
sensor 4 to sense the light beam emitted from the light
emitting device 1 1s installed to face toward an end of the
separator 3.

0034] (Second Embodiment)

0035] FIG. 2 shows a second preferred embodiment of
the apparatus for sensing the state of the battery according
to the present invention.

[0036] The battery is constituted by the positive electrode
2, the negative electrode 3, and the separator 5.

0037] The semiconductor micro-crystals 6 emits the light
beams when a certain prescribed voltage 1s applied across
the micro-crystals 6. The light emitting start voltage 1is
dependent upon a physical property of a semiconductor
material. The selections of a luminescent semiconductor
material and battery are made so that the micro-crystals 6
emit the light beams when the battery voltage has reached to
the full charge potential prescribed in the battery system.

[0038] It is not necessary to take a new circuit structure
since, 1n the second embodiment, the semiconductor lumi-
nescent micro-crystals 6 are buried in the mner part of the
separator 5. Therefore, the battery 1s constituted by the
separator containing the semiconductor luminescent mate-
rial. A battery system with a sensing function can integrally
be constituted 1 an extremely simple manner.

[0039] Therefore, the lead wires to connect the device to
the electrodes of the battery, the fixing portion on the
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clectrodes of the battery to which the lead wires are con-
nected, and the semiconductor device installation space can
be omitted. This advantage in the second embodiment 1s
generally the same as that described in the first embodiment.

[0040] It is noted that each of the luminescent semicon-
ductor micro-crystals 6 1s made of a nitride selected from a
ogroup consisting of GalN, AIN, and SiN. One of these nitride
materials 1s used which exhibit a miniature light emitting
device with the high solvent-resistant characteristic.

[0041] (Third Embodiment)

10042] FIG. 3 is a third preferred embodiment of the state

sensing system of the battery including the positive elec-
trode 2, the negative electrode 3, and the separator 5.

10043] In the third embodiment, in place of using a porous
film separator as described in the second embodiment, both
insulative minute particles 7 and luminescent semiconductor
micro-crystals 6 are blended.

10044] A solid-state or gel ion conductor such as a highly
molecular 10n conductor may be used 1n place of a solvent
clectrolyte. The semiconductor micro-crystals 6 emit the
light beams as in the same way as described 1n the second
embodiment in a case where a certain prescribed voltage 1s
applied to the micro-crystals 6.

[0045] The light emitting start voltage is dependent upon
the semiconductor material physical property. The selections
of the luminescent semiconductor material and cell are made
to emit the light beams when the applied voltage has reached
to the full charge potential prescribed 1n the battery system.

[0046] The advantages in the third embodiment are gen-

crally the same as those described 1n the second embodi-
ment.

0047] (Fourth Embodiment)
0048] FIGS. 4A and 4B show a fourth preferred embodi-

ment of the state sensing apparatus for a multi-cell battery,
the battery including the positive electrode 2, the negative
clectrode 3, and the separator §. In the fourth embodiment,
cach unit cell 1s laminated as the multi-cell structure.

[10049] A solid-state or gel 10on conductor such as a highly
molecular 1on conductor may be used in place of a solvent
clectrolyte. The light emitting device 1 for each unit cell
emits the light beams as in the same way as described 1n the
second embodiment 1n a case where a certain prescribed
voltage 1s applied to each light emitting device 1.

[0050] As described hereinabove, since, in the battery
state sensing apparatus 1n each of the first, second, third, and
fourth preferred embodiments according to the present
invention, the light emitting device or the luminescent
clement such as the luminescent semiconductor micro-
crystals 1s installed or buried into the inner part of the
separator of each cell or of the battery, a battery system with
a state sensing function can be integrated with the battery in
a single body. Especially, 1n a case of the fourth embodiment
in which a multiple number of cells are laminated or a
bipolar battery is structured, 1t 1s ditficult to install the lead
wires to be connected to the semiconductor device, the
fixing portions of the electrodes to which the lead wires are
connected, and the semiconductor device concentratedly at
a narrow space. However, the battery state sensing apparatus
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in each of the first through fourth embodiments can solve
inherently the above-described problem.

0051] (Fifth Embodiment)

0052] FIGS. 5A, 5B, 6A, and 6C show a fifth preferred

embodiment of the state sensing apparatus according to the
present invention.

[0053] As typically shown in FIG. SA, a liquid crystal cell
(or liquid crystal device 8) is provided with electrodes, a

liquid crystal material, a light introducing window (light
inlet) 8A, and a light outlet window 8B (light outlet).

[0054] When the electrodes are faced with each other and
a certain voltage 1s applied to both electrodes, an orientation
of a liguid crystal of the liquid crystal device 8 1s varied 1n
accordance with the applied voltage so that a light intro-
duced shuttering characteristic of the liquid crystal 1s varied.
By sensing the transparent light, a detection of the magni-
tude of the applied voltage 1s, on the contrary, carried out.

[0055] When the voltage is applied across the electrodes
of the liquid crystal device (LCD) 8, the liquid crystal device
8 is selected such that the light is not transmitted (or
shuttered) due to the orientation of the liquid crystal when
the applied voltage V 1s, for example, equal to or lower than
Va=1.8 volts and 1s transmitted when the applied voltage 1s
lower than 1.8 volts.

[0056] The clectrodes of the liquid crystal device are
connected 1n parallel to the lithtum 10n battery as typically

shown 1n FIG. SA.

10057] FIG. 7 shows a discharge curve of the battery used
in the fifth embodiment.

[0058] In FIG. 7, a longitudinal axis denotes a battery
terminal voltage and a lateral axis denotes a discharge
quantity. A voltage Ve shown 1n FIG. 7 denotes a prescribed
discharge terminating voltage 1n an operation mode pre-
sumed 1n the battery system shown 1n FIG. 5A through 6B.
The discharge terminating voltage means a voltage pre-
scribed that the discharge of the battery is stopped at a time
point at which the applied voltage has arrived. The voltage
Va 1s a voltage at which the liquid crystal composition is
oriented (or twisted) to change a light-transmissive (or light
transparent) characteristic.

[0059] If the liquid crystal device 8 is used to sense the
excessive discharge, the voltage Va 1s usually set to be lower
than the voltage Ve.

[0060] If a voltage promoting deterioration of the battery
1s Vd volt, the above-described voltage Va at which the
orientation of the liquid crystal 1s varied 1s set to be higher
than the voltage Vd.

[0061] If, as described above, the voltage Va is set and the
applied voltage becomes lower than the voltage Va, the
orientation of the liquid crystal composition of the liquid
crystal device 8 1s changed so that the introduced light
cannot be transmitted through the liquid crystal device 8.

[0062] If a light shielding (shuttering) effect of the liquid
crystal device 8 1s sensed with the photo sensor 4, the battery

state sensing apparatus can prevent such a phenomenon that
the discharge of the battery 1s continued with time so that the
battery falls in an excessive discharge region such as to
cause, for example, a deterioration of the battery.
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0063] (Sixth Embodiment)

0064] FIG. 8 shows a sixth preferred embodiment of the

battery state sensing apparatus according to the present
invention applicable to a cell group system.

[0065] As shown in FIG. 8, a couple of light source 10

and photo sensor 4 are prepared by connecting light tran-
mitting portions of respective liquid crystal devices 11 via
such an optical wave guide 12 as an optical fiber, the
respective liquid crystal devices 11 being connected 1n
parallel to corresponding batteries (,i.e., connected across
positive and negative electrodes of the corresponding bat-

tery).

[0066] If any one of the cells 9 in the cell group performs
discharge excessively, the state sensing apparatus can sense
its excessive discharge state, can maintain 1ts insulating
characteristic, and can provide a simple system configura-
tion.

[0067] If a charge residual quantity is sufficient as the
ogroup battery and any cell 9 i1s charged with the prescribed
voltage Va or higher, the light from the light source 10
becomes 1ncident on the photo sensor 4 optically connected
to one end of the optical fiber (optical wave guide) 12
without interruption (or shutter) by any liquid crystal device
11 connected 1n parallel to the corresponding cell 9.

[0068] On the contrary, it 1s presumed that the voltage of
any cell 9 would be reduced at a discharge terminating,
period of the cell group. In details, 1f the voltage of any cell
9 1s reduced and becomes equal to or lower than the
prescribed voltage Va, the corresponding liquid crystal
device 11 connected 1n parallel thereto does not transmit the
light but interrupt the light source 10 cannot arrive at the end
terminal of the optical fiber 12 at which the photo sensor 4
1s 1nstalled.

[0069] The battery state sensing apparatus in the sixth
embodiment described above can assuredly sense the volt-
age of any cell 9 which becomes equal to or lower than the
prescribed voltage Va.

[0070] As described above, if the liquid crystal device

with less power consumption of the battery to be sensed 1s
used to sense the state of the cell group, the battery state
sensing apparatus can be carried out without large consump-
tion of battery energy. In the sixth embodiment, the state of
the battery 1s the excessive discharge state of the battery (the
multi-cell structure) without consumption of the residual
energy 1n each cell 9.

0071] (Seventh Embodiment)
0072] FIGS. 9A and 10 show a seventh preferred

embodiment of the battery state sensing apparatus according
to the present 1invention.

[0073] As shown in FIG. 10, a photo shutter section 23,
viz., the liquid crystal device 8, e.g., described 1n the fifth
embodiment 1s connected 1n parallel to each cell 9 1n such a
manner that one electrode thereof 1s coupled to the positive
clectrode 2 of each cell and the other electrode thereof 1s
coupled to the negative electrode 3 of each cell, the light
inlet window 8A and light outlet window 8B being provided.

[0074] A condensing foil 21 is adhered onto part of an
upper surface except the light inlet window. Another con-
densing foil 22 1s adhered onto part of a lower surface except
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the light outlet window 8B of the liquid crystal device, viz.,
the light shutter section 23. The internal structure of each
cell of the cell group i1s the same as that of the second
embodiment shown 1 FIG. 3.

[0075] That is to say, the seventh embodiment is a com-
bination of the sixth embodiment with the second embodi-
ment. Therefore, both of the excessive charge and the
excessive discharge states of the cell group, viz., the battery
(multi-cell structure) can be sensed, as appreciated from

FIG. 9A.

[0076] It is noted that each cell 9 is connected in series
with one another to form the battery in the case of FIG. 9A.

10077] FIG. 9B shows an alternative of the seventh pre-
ferred embodiment of the battery state sensing apparatus.

[0078] As shown in FIG. 9B, each cell 9 is connected in
parallel to one another to form the cell group. In this
alternative case, both excessive charge and discharge states
of the cell group can be sensed as 1n the same way as in the
seventh embodiment. In the case of FIG. 9B, a light
superposing section 40 to superpose the light from the
respective liquid crystal devices (LQD) 11 is needed in the
optical wave guide 12 before the photo sensor 4.

[0079] In each preferred embodiment, the cell 1s a solid-
state cell whose ion conductive portion (layer) 1s made of
cither a high molecular conductive material or mnorganic 1on
conductor (conductive material), the battery is a lithium ion
secondary battery 1in which a lithium 10n 1s used as medium
transporting positive charges, the positive electrode of the
cell is made of LiMnO,, (Lithium Manganese Dioxide), and
the negative electrode of the cell 1s made of hard carbon.

|0080] Itisnoted that the light emitting device specifically
includes the light emitting diode and the voltage-responsive
optical sensing device means, so-called, an electro-optical
device such as the light emitting device and the liquid crystal
device.

|0081] The contents of Japanese Patent Applications No.
2000-058077 filed 1n Japan on Mar. 3, 2000 and No.
2000-058078 filed 1 Japan on Mar. 3, 2000 are herein
incorporated by reference. Although the 1mnvention has been
described above by reference to certain embodiment of the
mvention, the mvention 1s not limited to the embodiments
described above. Modifications and wvariations of the
embodiments described above will occur to those skilled 1n
the art 1n the light of the above teachings.

0082] The scope of the invention is defined with refer-
ence to the following claims.

What 1s claimed 1s:
1. An apparatus for sensing a state of a battery, the
apparatus comprising:

a voltage-responsive optical sensing device having an
optical characteristic that changes 1 response to a
variation 1n a voltage across positive and negative
clectrodes of a cell constituting the battery; and

a state sensing system that senses a change 1n the optical
characteristic of the voltage-responsive optical sensing
device to sense the state of the battery.

2. An apparatus for sensing a state of a battery as claimed

in claim 1, wherein the state of the battery 1s a state of
excessive charge of the cell and the voltage-responsive
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optical sensing device changes its optical characteristic
when the voltage thereacross has reached to a predetermined
prescribed voltage.

3. An apparatus for sensing a state of a battery as claimed
in claim 2, wherein the state sensing system comprises a
photo sensor to sense the state of the excessive charge of the

battery by sensing a light beam emitted from the voltage-
responsive optical sensing device.

4. An apparatus for sensing a state of a battery as claimed
in claim 3, wherein the voltage-responsive optical sensing
device comprises a light emitting device interposed between
the positive and negative electrodes of the cell to emit the
light beam when the voltage thereacross has reached to the
predetermined prescribed voltage.

5. An apparatus for sensing a state of a battery as claimed
in claim 4, wherein the light emitting device 1s disposed 1n

a separator interposed between the positive and negative
clectrodes of the battery and the light emitting device
comprises a first portion exposed to a surface faced toward
the positive electrode of the cell and contacted on the
positive electrode thereof and a second portion exposed to a
surface faced toward the negative electrode of the cell and
contacted on the negative electrode thereof.

6. An apparatus for sensing a state of a battery as claimed
in claim 5, wherein the light emitting device 1s a semicon-
ductor device disposed 1n a hole formed 1n the separator to
emit the light beam when an applied voltage thereto 1s equal
to or larger than the predetermined prescribed voltage and to
signal the state of the excessive charge of the battery and
simultaneously discharge the cell by emitting the light beam
when the voltage across the positive and negative electrodes
of the cell has reached to the predetermined prescribed
voltage.

7. An apparatus for sensing a state of a battery as claimed
in claim 5, wherein the separator 1s transmissive to the light
beam emitted from the light emitting device and the sepa-
rator transmits the light beam from the light emitting device
to an end of the separator.

8. An apparatus for sensing a state of a battery as claimed
in claim 5, wherein the light emitting device 1s disposed 1n
a through hole formed in the separator and the first portion
of the light emitting device 1s a positive electrode of the light
emitting device and a second portion thereof 1s a negative
clectrode of the light emitting device.

9. An apparatus for sensing a state of a battery as claimed
in claim 5, wherein the light emitting device comprises
luminescent semiconductor micro-crystals embedded 1n the
separator.

10. An apparatus for sensing a state of a battery as claimed
in claim 5, wherein the battery 1s a multi-cell structure and
cach cell comprises the light emitting device, the light
emitting device being disposed in a separator interposed
between the positive and negative electrodes of the cell and
comprising a first portion exposed to a surface faced toward
the positive electrode of the cell and contacted on the same
positive electrode thereof and a second portion exposed to a
surface faced toward the negative electrode of the cell and
contacted on the same negative electrode thereof.

11. An apparatus for sensing a state of a battery as claimed
in claim 1, wherein the cell 1s a solid-state cell whose 10n
conductive portion 1s made of a high molecular conductive
material or inorganic 10n conductor.
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12. An apparatus for sensing a state of a battery as claimed
in claim 11, wherein the battery 1s a lithium 1on battery in
which a lithium 10on 1s used as a medium transporting,
positive charges.

13. An apparatus for sensing a state of a battery as claimed
in claim 12, wherein the light emitting device comprises a
semiconductor device having a high electrolytic solution
resistant characteristic and made of a nitride selected from
the group consisting of GalN, AIN, and SiN.

14. An apparatus for sensing a state of a battery as claamed
in claim 1, wherein the positive electrode of the cell 1s made
of LiMnO.,.

15. An apparatus for sensing a state of a battery as claimed
in claam 14, wherein the negative electrode of the cell 1s
made of hard carbon.

16. An apparatus for sensing a state of a battery as claimed
in claim 15, wherein the semiconductor device 1s disposed
in a partial defect of a light-reflective thin film portion of the
separator, the light-reflective thin film portion being formed
by a thermal compression of the separator.

17. An apparatus for sensing a state of a battery as claamed
in claim 15, wherein the light-reflective thin film portion 1s
interposed between the positive electrode and the separator
and the separator and the negative electrode, respectively.

18. An apparatus for sensing a state of a battery as claimed
in claim 1, wherein the voltage-responsive optical sensing
device comprises a liquid crystal device which changes its
light transmissive characteristic 1n response to the voltage
across the positive and negative electrodes of the cell and
whose electrodes are connected 1n parallel to the cell and the
state sensing system comprises an external light source from
which a light beam 1s introduced into the liquid crystal
device and a photo sensor to sense a presence of a trans-
mitted light from the liquid crystal device.

19. An apparatus for sensing a state of a battery as claamed
in claim 18, wherein the liquid crystal device has a light
shuttering characteristic when the voltage (b) across the
positive and negative electrodes of the cell falls 1n a prede-
termined range of a (V)=b (V)=c (V), wherein a and c
denote predetermined prescribed voltages and has the light
transmissive characteristic when the voltage (b) falls out of
the predetermined range.

20. An apparatus for sensing a state of a battery as claimed
in claim 18, wherein the liquid crystal device has the light
transmissive characteristic when the voltage (e) across the
positive and negative electrodes of the cell falls 1n a prede-

termined range of d (V)Ze (V)=f (V), wherein d and f
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denote predetermined prescribed voltages and has a light
shuttering characteristic when the voltage (e) falls out of the
predetermined range.

21. An apparatus for sensing a state of a battery as claimed
in claim 18, wherein the cell 1s one of a group of multiple
number of cells, each cell being connected 1n series with one
another and the liquid crystal device being connected 1n
parallel to the corresponding cell of the cell group and
wherein the state sensing system further comprises an opti-
cal wave guide which passes through a light transmaissible
portion of each of the liquid crystal devices and the photo
sensor senses a quantity of the transmitted light beams to
sense the state of the cell group.

22. An apparatus for sensing a state of a battery as claimed
in claim 18, wherein the cell 1s one of a group of multiple
number of cells to form the battery, each cell being con-
nected 1n parallel to one another and the liquid crystal device
being connected 1n parallel to the corresponding cell of the
cell group and the photo sensing system further comprises a
plurality of optical wave guides, each optical wave guide
passing through a light transmissive portion of the corre-
sponding liquid crystal device, a superposing portion to
superpose the transmitted light beams, and the photo sensor
to sense the quantity of the transmitted light beams super-
posed 1n the superposing portion to sense the state of the cell
group.

23. An apparatus for sensing a state of a battery as claimed
in claim 22, wherein the optical wave guide comprises an
optical fiber.

24. An apparatus for sensing a state of a battery as claimed
in claim 22, wherein the state of the battery 1s a state of an
excessive discharge quantity of the cell and wherein a=0 V
and c=2 Vz1V.

25. An apparatus for sensing a state of a battery as claimed
in claam 21, wherein the light emitting device 1s connected
across the positive and negative electrodes of each cell of the
cell group and another photo sensor 1s disposed to sense the
light beam from each of the light emitting devices to sense
the state of the cell group.

26. An apparatus for sensing a state of a battery as claimed
in claim 22, wherein the light emitting device 1s connected
across the positive and negative electrodes of each cell of the
cell group and another photo sensor 1s disposed to sense the
light beam from each of the light emitting devices to sense
the state of the cell group.
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