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CONTROL CI RCUI T FOR PROTECTI NG AN EXCESS D BACKGROUND OF THE INVEM@W@thhQZ, “
present -invention relates to a control circuit for protecting an 13__
di schargé of a battery and, particularly to a battery pegtUedria gﬁ%@ﬁéBl

housed in a so-called battery pack, a battery char ger, Tevl
a battery. A self-discharge anpbunt of battery packs
after they have been left for a long tine.. Under ng
ci rcunst ances, the battery packs are never entered
di scharge region even after they had been |eft abo -
battery packs. _are not in use and |eft under &
electr] cal IGpERAe EEBAUTS E0R FHbTRcT A, BRafek R
canera, then a dark current of about 2 to 20mA fl ows &¥% = g

switch of the video canera has been turned off. As a consSeguence, the

battery packs reach the exceggcgbidids & TR AfveMtiony about one to six

nonths. The battery packs, in worst cases, will not recover fromthe excess
di scharge state evenrhé igrdiRint @hvbheion di¢latesdabt aryostwoPyircuits gore

t he above-nentioned problem a proposed battery pack houses a battery

pr ot ect i onprotecting ampexcess dhschatrgerof far batbery dri gpaatdcelardy to

di scharge. Specifically, the battery protection circuit includes an
el ectroni ca Patkery protection circuit housed in a so-called battery pack,

a battery charger or devices driven by a battery.

A self-discharge amount of battery packs is very small
even after they have been left for é long time. Under normal
room temperature circumstances, the battery packs are never
entered into the excess discharge region even after they had
been left about a year. If however the baftery packs are not in
use and left under the condition that they are electrically
connected to some audio and video devices, such as a video
camera, then a dark current of about 2 to 20mA flows even though
the powef switch of the video.camera has been turned off. As a
consequence, the battery packs reach the excess discharge region
within about one to six months. The battery packs, in worst
cases, will not recover from the excess discharge state even
with help of the ordinary battery charger.

To solve the above-mentioned problem, a proposed '
battery pack houses a battery protection circuit to protect tﬁe
pattery from overcharge and excess discharge. Specifically, the
battery protection circuit includes an electronic switch
connected in séries between one of positive and negative
connection terminals connected with a load or a battery charger

and a battery cell. The battery protection circuit can protect



connected in series between one of positive and negative connection
termnals connected with a load or a battery charger and a battery cell
The batt'ery protection circuit can protect, 2 the battery pack from
overtharge or excess discharge by use of this electronic switch. In the
above-nentioned battery protection cir@uit, when the battery pack is

di scharged by the | oad connected to the positive and negative connection
termnals or the battery pack is charged by the battery charger connected
to the positive and negative connection terminals, a current flows in the
battery protection circuit in the opposite directions. Accordingly, as the
above- mentherkattamt back £remn evarcharde gy exgesss disChargr Ry 4sq ofr)

which enables a current to . flowin the two directions opposite to each
ot her. Al tRiHRLer{EPNICHEWLEER: ronic switch uses transistors of positive
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current to flowin posite eac en the

battery pafiknigndll PPtk £82895charddd Y theN18adEonfedtdd &Y thiae
t he

battery pack from
positive and negative connection terminals or the battery pack

is charged by the battery charger conneéééd to the positive and
negative connection terminals, a current flows in the battery
protection circuit in the opposite directions. Accordingly, as
the above-mentioned electronic switch uses a field effect
transistor (FET) which enables a current to flow in the two
directions opposite to each other. Alternatively, the electronic
switch ﬁses transistors of positive and negative directions
connected in parallel to each other to enable a current to flow
in the two directions opposite to each other when the battery
pack is discharged or charged.

Furfhef, in order to protect the béttery pack from the
overcharge, the battery protection circuit uses some suitable
means, such as a thermostatic switch for detecting a temperature
of a battery cell and opening and closing the circuit based on a
detected result. Further,'a detector for detecting charge and
discharge includes a reéistor connected in series to a power
supply. A resistance value of thig resistor is selected to be
sufficiently.small so as not to affect the output of the
detector. To avoid the battery from.peing discharged much more,
the charge and discharge detector is formed of-a suitahle means,
such as a CMOS (complementary metal oxide semiconductor) circuit

whose power consumption is small.



overcharge, the battery protection circuit uses sone suitable means, such
as a thernostatic switch for detecting a tenperature of a battery cell and
opening and closing the circuit based on a detected resul't. Further, a
detector for detecting charge and di scharge includes a resistor connected
in series to a power supply. A resistande value of this resistor is
selected to be sufficiently small so as not to affect the output of the
detector. To avoid the battery from being di scharged nuch nore, the charge
and di scharge detector is formed of a suitable neans, such as a CMOS
(conpl ementary netal oxide sem conductor) circuit whose power consunption

is small. 3 HowevHbweVEE, afiny exbvel-imefieiiohad thbtefyopeoteebionr cuit uses
the FET, the thernostatic switch, the resistor having | ow resistance val ue

and the CMeSrcuituuseslthefFEh ¢heatbermostatisl pwitgbpsthe wesiatiar

el ements. Moreover, in order to drive the transistors connected in parall el

under pr edBEFARGInbeV cERRlatanae addgeandvely CMOSepdraudtt albopriiched a

ncor por at %ot FELRFIVEHE SHRRE 1A CorudF HLemem -ci Rogppvel, Lh order
to drive the transistors connected in parallel under
predetermined conditions, respectively, there has to be provided
a complicated circuit arrangement. Thérefore, if the battery
pack incorporates therein the above battery protection circuit,
then it is unavoidable that the.battery pack becomes expensive.

Further, when the battery protection circuit uses the

temperature detecting circuit, such as the thermostatié switch
in order to preven£ the overcharge, if the battery protection
circuit is placed in the abnormal load state, such as short-
circuits repeatedly occurred between the positive and négative
connectioﬁ terminéis, then the temperature detecting circuit
chatters and an operation temperature exceeds a predetermined
temperature. There is then the risk that the battery protection

circuit will not be operated normally.

SUMMARY OF THE INVENTION

In view of the aforesaid aspect, it is an object of

the present invention to prbvide a battery protection circuit
which can\protect a battery from overcharge and excéss discharge
satisfactorily.

It is another object of the present invention to
provide a battery protection circuit which can be madé
inexpensivé.

It is still another object of the present invention to



then it is unavoi dable that the battery pack becones expensive. Further, -
when the battery protection circuit uses the tenperature detecting circuit,
such as ‘the thernostatic switch in order to prevent the overcharge, if the
batt’ery protection circuit is placed in the abnornal |oad state, such as
short- circuits repeatedly occurred betdreen the positive and negative

connection termnals, then the tenperature detecting circuit
an operation tenperature exceeds a predeterm ned tenperature.

chatters and
There is then

the risk that the battery protection circuit will not be operated normally.

SUMVARY OF THE | NVENTION In view of the aforesaid aspect, it

I s an obj ect

of the prgumvidenachatberyppoadidion ciacndtyinrwhiclt asnusdesirabl@i ch can
protect a battery from overcharge and excess discharge satisfactorily. It
i s anot herdask esrrent: ganpbeprAvenkathfrem £1°PWIR4 de a battery protection

circuit which [ i i i is
present i enie ? gttrmi%fia' SERROS Sfjedt o ehb' bredliR! Nilvedl¥ith' «8F the

provide a battery protection circuit which can be made stable

and safe.

According to an aspect of the present invention, there

is provided a battery protection circuit which is comprised of

positive and negative connection terminals to which a load or

battery charger is connected, a battery cell, an electronic

switch connected in series between one of the connection

terminals and the battery cell and a detecting circuit for

‘detecting a_predetermined terminal voltage of the battery cell,

wherein when it is detected by the detecting circuit that a

terminal voltage of the battery cell is a predetermined value or

greater, a very small current flows from the detecting circuit

to the electronic switch to change one terminal voltage of the

electronic switch obtained when the load or battery charger is

connected to the positive and negative connection terminals and

the supply of current from the battery cell to the load or the

supply of a charging current from the battery charger to the

battery cell is effected by increasing a control voltage of the

electronic switch in response to the change of the terminal

voltage and wherein when it is detected by the detecting'circuit

that the terminal voltage of the battery cell is a predetermined

value or smaller, a connection between one of -the positive and

hegative connection terminals and the battery cell is disabled

by interrupting the supply of a bias current to the electronic



provide a battery protection circuit in which an undesirable dark current
can be prevented fromflowing. It is a further object of the present
invention to provide a battery protection circuit which can be made stable
and safe. According to an aspect of the present invention, there is
provided a battery protection circuit which is conprised of positive and
negative connection termnals to which a |load or battery charger is
connected, a battery cell, an electronic switch connected in series between
one of the connection termnals and the battery cell and a detecting
circuit for detecting a predeterm ned term nal voltage of the battery cell,
wher ei n wfdfitah. s detected by the detecting circuit that a ternina

Sl ocurrent 1L ows. 11 ot pRsERERR Ok ey Beifnfo 0 o & wi toh to
h I nal ' ] | | oad
or battery chargor Patomngts s PRIhE SHolhd 8L AE0ARRE bEC O

term nal s R die %gg_abﬁea SHFEENY ddRdiing Patd Hirstekhbbaihdft! 8ad or

the supply of a'c ing current fromthe battery charger to the battery
cell is efdireiprésent Afveatiow; ampntrol voltage of the electronic switch

I n response to the change of the term nal voltage and wherein when it is
detected by the det &md.n@ dsrauwdiagram showing a circuit arrangement of a
battery protection circuit according to a second embodiment of
the present inventioﬂ.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described with
réference td the drawings.

FIG. 1 is a diagram showing a circuit arrangement of a
battery protection circuit'according to a first embodiment of

" the present invention. As shown in FIG. 1, the battery

protection circuit according to the present invention includes a
positive connection terminal 1 and a negative connection
terminal 2. A load or battery charger (not shown) is connected
between the positive and negative connection terminals 1 and 2.
There is provided a battery cell 3 whose positive electrode is
connected to the positive connection terminal 1. A negative
electrode of the battery cell 3 is grounded and connected to the
emitter of an npn transistor 4. The collector of the npn
transistor 4 is connected to the negative connection terminal 2.

There is provided a voltage detector 5. The voltage
detector 5 is connected between the two electrode terminals of
the battery cell 3. The voltage detector 5 outputs a high

potential when it detects that a voltagé across the terminals of



that the term nal voltage of the battery cell is a predeterm ned val ue or
smal l er, a connection between one of the positive and negative connection
term nal's and the battery cell is disabled by interrupting the supply of a
bias current to the electronic 5 switch. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a diagramshow ng agcircuit arrangenent of a battery
protection circuit according to a first enbodi nent of the present
.invention; and FIG 2 is a diagramshowing a circuit arrangenent of a
battery protection circuit according to a second enbodi nent of t he present

i nvention. DETAI LED DESCRI PTION OF THE PREFERRED EMBODI MENTS The present

i nvent i on tiid |batderye ceddcdi bedlawger thhor ardeteqtion veliagagte-Ft 651 is a

di agram showi ng a circuit arrangenent. of a _batter .ot ect [ it -
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coefficient resistor (referred to hereinafter simply as “?TC") 8 -
to the base of the npn transistor 4. The output of the voltage
detector 5 is connected to a power supply terminal of a
comparator 9 construéting a discharge control means and a power
supply terminal of a comparatbr 10 constructing a charge control
means. '

Voltage-dividing resistors 11, 12 are connected
between the two electrodes of the battery cell 3. Divided
outputs of the resistors 11, 12 are supplied to negative input
terminals of the comparators 9, 10. A positive input terminal
of the comparator 9 is connected through-a resistor 13 to the
negative connection terminal 2. A positive input terminal of
the comparator 10 is grounded. The neéative connection terminal
2 is connected through a resistor 14 to a voltage-dividing point
of the resistors 11, 12.

| Outputs of the comparators 9, 10 are supplied to the
bases of npn transistors 15, 16, reépectively. The collectors
of the npn transistors 15, 16 are connected to the'positive
connection terminal 1. The emitters of the npn transistors 15,
16 are connected to junctions between the resistors 6 and 7.

The outpﬁt of the comparator 9 is connected to the
ground through a collector-emitter path of anvnpn transistor 17.
The base of the npn transistor 17 is connected to the ground

through a resistor 18. The negative connection terminal 2 is



positive connection termnal 1 and a negative connection termnal 2. A |oad
or battery charger (not shown) is connected between the positive and
negative connection termnals 1 and 2. There is provided a battery cell 3
whose positive electrode is connected to the positive connection term nal

1. A negative electrode of the battery Zell 3 is grounded and connected to
the em tter. of an npn transistor 4. The collector of the npn transistor 4
is connected to the negative connection termnal 2. There is provided a

vol tage detector 5. The voltage detector 5 is connected between the two

el ectrode termnals of the battery cell 3. The voltage detector 5 outputs a
hi gh pot enEPBReGH tQ tha bage fhthe npy tagasistesslt Hhoanagh fals of . 6
the batter cel% 3Js larger than a detection voltage (e.g., 5 Volts). An
out put of ¥ﬁ§l§ ?% age detector 5 is supplied through a series circuit of
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to hereinafter sinply as ase-o € npn transis

out put of phherNel A dRirethaer bétéérf@iiﬁ%ﬁdi’soc&xm&fd Yéweent ¢hel nal  of
a conparator 9 constructing a discharge control neans and a power

positive and negative connection terminals 1 and 2, if it is
detected by thg voltage detector 5 that the voltage across the
terminals of the battery cell 3 is larger (e.g., 6 Volts) than
the detection voltage (e.g., 5 Volts), then the voltage detector
5 supplies a bias voltage to the base of the npn transistor 4
from its output side through the resistors 6, 7 and the PTC 8 so
that a very small current flows in the npn transistor 4.

At that time, since the collector voltage of the npn
transistor 4 is low, the voltage at the positive input terminal
of the comparator 9 is 1owér than the voltage at the negative
input terminal. Hence, the output of the comparator 9 is held
at low potential. Further, at that time, since the VOltage at
the negative input terminal of the comparator 10 is higher than
the voltage at the positive input terminal, the output of the
comparator 10 also is held at low poténtial. As. a consequence,
the npn.transiétors 15, 16 are both in their off-states.

When the load (not shown) is connected between the
positive and negative terminals 1 and 2, a positive voltage is
supplied to the collector of the npn transistor 4 through the
load. As a result, the voltage at the positive input terminal
of the comparator 9 is raised and the output of the comparator 9
is held at high potential. Bence, the base voltage of the npn

transistor 4 incteases and a collector currént of 400mA or



supply term nal of a conparator 10 constructing a charge control neans.

Vol tage-dividing resistors 11, 12 are connected between the two el ectrodes
of the battery cell 3. Divided outputs of the resistors 11, 12 are supplied
to negative input termnals of the conparators 9, 10. A positive input

term nal of the conparator 9 is connectgd through a resistor 13 to the
negative connection termnal 2. A positive input termnal of the conparator
10 i s grounded. The negative connection termnal 2 is connected through a
resistor 14 to a voltage-dividing point of the resistors 11, 12. Qutputs of
the conparators 9, 10 are supplied to the bases of npn tran5|stors 15, 16,
respect i velgyeaths £hovwecimrthempnhsrapaisteonsi sooepergizecthe datemtted to
the positive_connection termnal 1. The emitters of the npn transistors 15,
16 are conﬁ@étlea toﬁﬁ'—u‘ﬁ%ﬁ‘? FREYH BONEBE  t Hle rQRito pf  heGomParaloR kG kS of .

t he conpar at con ected to the ground through a coIIector-en1tter
path of an ﬁgﬂ ?T’a QY RBertAalre phase of the npn transistor 17 is

connected to the grouﬂae&héﬁfg%&dﬁaﬁ,%hm eHEDARAAY ¥B1909N26t 1 On

termnal 2 is
consuméd and the input voltage of the voltage detector 5 becomes

less than the detection voltage, the output of the voltage
detector 5 becomes zero. Consequently, the comparatér 9 is not
supﬁlied with the power supply voltage ahd the bias voltage
supplied to the npn transistor 4 through the resistor 6 becomes
zero so that the npn transistor 4 is turned off. Therefore, a
dark current does not flow in the circuit and the battery cell 3
can be protected from excess discharge.

When the battery charger is connected between the
positive and negative connection terminals 1 and 2, the
collector of the npn transistor 4 is held at the negative
voltage and the bias voltage is supplied to the base of the npn

- transistor 4 so that a current flows from the emitter to the
collector of the npn transistor 4. Further, when the collector °
of the hpn transistor 4 is held at the negative voltage, the
voltage at the positive input.terminal of the comparator 9
becomes lower than the voltage at the negative input terminal so
that the output of the comparator 9 is held at low potential.

On the other hand, since the negative voltage is
supplied to the negative input terminal of the comparator 10 and
a zero potential is supplied to the positive .input terminal of
the comparator 10, the comparator 10 outputs a high potential.

As a consequence, the npn transistor 16 is turned on so that a



7 connected to the base of the npn transistor 17 through a resistor 19.
Accordingly, in this battery protection circuit, when neither |oad nor the
battery charger is connected between the positive and negative connection
terminals 1 and 2, if it is detected by the voltage detector 5 that the
vol tage across the termnals of the battgery cell 3 is larger (e.g., 6

Vol ts) than the detection voltage (e.g., 5 Volts), then the voltage
detector 5 supplies a bias voltage to the base of the npn transistor 4 from
i'ts output side through the resistors 6, 7 and the PTC 8 so that a very
smal|l current flows in the npn transistor 4. At that tine, since the

col I ector veltage alitaimednyhenr ansemitderichsrenty, (hare wyinreps of the
positive input termnal of the conparator 9. is |ower than the voltage at
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positive and negatlve termnals 1 and 2, a positive voltage is
equivalent to such one on which the emitter current from the

transistor 16 is superimposed. Therefore, the load is charged
by a circuitry formed of the positive connection terminal 1, the
battery cell 3, the npn transistor 4 and the negative connection
terminal 2, in that order. |

When the positive and negative connection terminals 1
and 2 are short-circuited inadvertently, if the battery cell 3
has a voltage larger than the detection voltage (e.g., 5 Volts),
then the voltage detector 5 supplies the bias voltage to the
base of the npn transistor 4 so that a very small current flows
in the npn transistor 4. Such current flowing in the npn
trahsistor 4 is, however, too small to cause an accident.

Further, when the collector voltage of the npn
transistor 4 becomes a predetermined voltage or greater, a
voltage determined by the resistors 18, 19 is supplied to ﬁhe
base of the npn transistor 17 so that the comparator 9 is'forced
to output a low potential. Then, when the current ptogressively
flows in the npn transistor 4 and the voltage of the battery
cell 3 becomes smaller than the detection voltage, the output of
the voltage detector 5 becomes zero and the bias voltage is not
supplied to the base of the npn transistor, thereby the npn

transistor 4 being turned off.



supplied to the collector of the npn transistor 4 through the load. As a
result, the voltage at the positive input termnal of the conparator 9 is
rai sed and the output of the conparator 9 is held at high potential. Hence,
t he base voltage of the npn transistor 4 increases and a collector current
of 400mA or 8 greater flows in thejgpn transistor 4 to energi ze the
battery cell 3. At that very nonent, the output of the conparator 10 is
held at | ow potential. Under this condition, when the battery cell 3 is
consuned and the input voltage of the voltage detector 5 becones |ess than

the detection voltage, the output of the vqltage detector 5 becones zero.
Consequent |y, the &hpPgssrdPed akovry aceopAing W@ thhe Ratser¥r supply
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from the detecting means (voltage detector 5) to the electronic
switch (npn transistor 4)'to change one terminal voltage applied
to the electronic switch 4 when the load or battery charger (not
shown) is connectéd between the positive and negative connection
terminals 1 and 2. Then, a curreﬁt is sﬁpplied from the battery
cell 3 to theiload or a charging current is supplied from the
battery charger to the battery cell 3 by increasing a control
voltage of the electronic switch 4 in response to the change of
this terminal voltage. On the other hand, when it is detected -
by the voltage detector 5 that the vbltage across the terminals
of the battery cell 3 is the predetermined value or smaller, a
connection between one of the positive and negative connection
terminals 1, 2 and the battery cell 3 is disabled by
interrupting the supply of the bias current to the electronic
switch 4. Therefore, the battery protection circuit according to
the present invention can protect the battery from the excess
discharge satisfactorily.

The direction in which a current flows in the
electronic switch 4 when the load is'connected between the
positive and negative terminalsll and 2 and the direction in
which a current flows in the electronic switch.4 when the
battery charger is connected between the positive and negative

terminals 1 and 2 can be made opposite to each other.



collector of the npn transistor 4 is held at the negative voltage and the
bi as voltage is supplied to the base of the npn transistor 4 so that a
current flows fromthe emitter to the collector of the npn transistor 4.
Further, when the collector of the npn transistor 4 is held at the negative
voltage, the voltage at the positive inpput term nal of the conparator 9
becones | ower than the voltage at the negative input termnal so that the
out put of the conparator 9 is held at | ow potential. On the other hand,
since the negative voltage is supplied to the negative input term nal of
the conparator 10 and a zero potential is supplied to the positive input
term nal of the conp&iaterthé,battemnopratacbiod cinayitt snecludgls pbeenti al .

As a consequence, the npn transistor 16 is turned on so that a 9 vol tage
obt ai ned wedscharge seétr@hrm%ans (sempacateen) don ﬁét?lc&ﬁ@igstb@t@% seen

fromthe transistqr 4_side) ng %g t hr ough the tran5|stor 16, f
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current such that an operation current of positive direction
flows in the electronic switch 4 and the discharge control means
(comparator 10) for detecting that one terminal voltage of the
electronic switch 4 is a negative voltage and which superimposes
the control current upon the bias current such that an operation
current of negative direction flows in the.electronic switch 4,

~ the electronic switch 4 can be formed by use of one inexpensive
‘transistor. Therefore, the battery protection circuit according
to the presen£ invention can be made inexpensive on the whole.

Further, since the battery protection circuit includes

the means (resistor 14) for detecting that one terminal voltage
of the electrbnic switch 4 is a positive voltage when the
battery charger is connected to the positive and negative
connection terminals 1 and 2 and the charging is stopped and
which disables the chargé control means (comparator 10), it is
possible to prevent an undesirable dark current from flowing.

. Furthermore, since the battery protection circuit
includes the high voltage detecting means (npn transistor 17 and
resistors 18, 19) for detecting that one terminal voltage of the
electronic switch 4 is the positive voltage and is the
predetermined value or greater and wherein the output -from the
discharge control means (comparator'Q) is interrupted when the

high voltage détecting means detects a voltage larger than the



transistor 16 is superinposed. Therefore, the load is charged by a
circuitry formed of the positive connection termnal 1, the battery cell 3,
the npn transistor 4 and the negative connection terminal 2, in that order.
Wien the positive and negative connection termnals 1 and 2 are
short-circuited inadvertently, if the bajtery cell 3 has a voltage |arger
than the detection voltage (e.g., 5 Volts), then the voltage detector 5
supplies the bias voltage to the base of the npn transistor 4 so that a
very small current flows in the npn transistor 4. Such current flowing in
the npn transistor 4 is, however, too small to cause an accident. Further,
when t he coredetermingd xgbuef the temperatnsesdefreat ing gigreud tp BEEt &) i ned
vol tage or greater, a voltgge determned hy the resistors_18, 19 is
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to make the'battery protection circuit which is highly reliable.

Since the operation voltage is supplied to the
discharge control means (comparator 9) and the charge control
means (comparator 10) through the predetermined terminal voltage
detecting means (voltage detector 5), it is possible to
considerably reduce a dark current which flows in these circuits
provided within the battery protection circuit.

Since the temperatuie detecting means (PTC 8) is
connected in series to the line through which the bias current
is supplied to the electronic swifch 4, if the current supplied
to the electronid switch 4 is controlled so as to beéome the
predetermined value in response to the detected temperature from
the temperature detecting means, then it.-is possible to obtain

the battery protection circuit which can be operated stably. 1In
particular, it is possible to prevent the temperature of the
battery Qell 3 from rising extraordinarily due to an abnormal
charging or the like.

While the PTC 8 serving as the temperature detecting
means is connected at the illustrated position in FI1G. 1 as
described above, the present invention is not liﬁited thereto
and the PTC 8 may be connected at a dotted-line position a in

FIG. 1. In this case, since the bias current is not supplied to



10 As descri bed above, according to the battery protection circuit, when it
is detected by the voltage detector 5 that the voltage across the termnals
of the battery cell 3 is the predeterm ned value or greater, a very snall
current flows fromthe detecting nmeans (voltage detector 5) to the

el ectronic switch (npn transistor 4) togixhange one term nal voltage applied
to the electronic switch 4 when the |oad or battery charger (not shown) is
connected between the positive and negative connection termnals 1 and 2.
Then, a current is supplied fromthe battery cell 3 to the |load or a

charging current is supplied fromthe batterg charger to the battery cell 3
by i ncreasthg BTG Shdugingorthee reriad thpactherhacging period, d&pdfse to

he ch { 1h inal voltage. = On the other hand R
ot oot oo EROTHPLA oL gEmAERER I IA BOEE, BPPRYRa art hY B Brni nal s of
the battery cell 3 'tsuxtt-trheezprﬁﬂgﬁgrgh bl b ¥ e beéreacf;g@{bﬂ?%ig N he

bet ween one of the positive and negati ve -connecti 0 erm na

battery Cebhe ouipil F2RiPinbYyoliad Wiellokns d4Risciibdd Andvas el ent

to the electronic switch 4. Therefore, the battery protection circuit
accordi ng pPesdret MRl onNi8NhbO N Gfitdd eheebtbhend atliee donpar@tots @%cess

di scharge satisfactorily.
10 may be operated by an output from a dark current limiting
Zener diode shown by a phantom b in FIG. 1.

Furthermore, while the above-mentioned battery
protection circuit is housed in the battery pack as described
above, the present in#ention is not limited thereéo and the
battery protection circuit may be housed in a battery charger or
device operated by a battery.

FIG. 2 is a diagram showing a battery protection
circuit according to a second embodiment of the present |
invention. In FIG. 2, elements and parts identical to those of

" FIG. 1 are marked with the same references and therefore need
not be described in detail. .

According to this embodiment, the battery cell 3 can
be formed separately from the above-mentioned battery protection
circuit. Specifically, as shown in FIG. 2, the battery cell 3
can be formed separately from the battery protection circuit by'
connecting connection terminals 21, 22 to both ends of the
battery cell 3. ,

With the above-mentioned arrangement, the battery

' protection circuit according to the present invention _can be
applied to the existing battery pack and load. If this circuit

is formed as an adaptor, then the above-mentioned operation can



The direction in which a current flows in the electronic swtch 4 when the
| oad i s connected between the positive and negative termnals 1 and 2 and
the direction in which a current flows in the electronic switch 4 when the
battery charger is connected between the positive and negative termnals 1
and 2 can be nmade opposite to each ot hel4 Since the battery protection
circuit includes the discharge control neans (conparator 9) for detecting
that one termnal voltage of the electronic switch 4 is a positive voltage
and whi ch superinposes the control current upon the bias current such that
an operation current of positive rection flows in the electronic switch 4
and the diBe t‘%ﬁ"@%l%rﬂ%BYnﬁ‘aﬂﬁe‘E‘éﬂﬂﬂ)éﬂ’d{%PdiB}mFoPe%%%t‘mﬁg hatderane

t erm nal VOlifgi qﬁﬁ i tronlc switch 4 is a negative voltage and which
super i npos¥s rent upon the bi as current: such that an

operation current Of%f‘etg?éfe"%r@' égg{,%gg ?ﬁ‘ffa geogl gg_{:gogfc ﬁg\n tch 4

the electronic swtch 4 can be f I nexpensi ve tranS|stor
Ther ef or €, cbhifedBid®tefitiads! 108ng! 3 W Hl qeaal 88dé 0 tieh RIS Qﬂttertyt
ery

i nvention can be nmade i nexpensive on the whol e. Further, since the b
protecti onpgotétition reirneddt according to the present invention can be

applied to an adaptor which can supply a voltage to both of a
video camera and a lighting equipment.

According to the present invenpion, since the battery
cell 3 is formed separately from the battery protection circuit
and connected thfough the connection terminals 21, 22 which are
different from the positive and negativé connection terminals 1,
2 to the battery protection circuit and this circuit is provided
between the battery cell 3 and the load as the adaptor, it is
péssible to provide a battery protection circuit which can
satisfactorily applied to the existing battery pack and load.

In the above-mentioned battery protection circuit, the
voltage detector 5 constantly detécts the voltage of the battery
cell 3. Accordingly, if a signal from the voltage detector 5 is
supplied to a light-emitting diode 20, then the light-emitting
diode 20 can indicate a remaiﬁing battery amount of the battery
cell 3. More specifically, the remaining battery amount of the
battery cell 3 can be indicated by use of a circuit disclosed in
Japanese patent application No. 4-353605 (Japanese laid-open
patent publication No. 6-189461)) that has been filed by the
same assignee of this application. -
As described above, according to the battery

protection circuit according to the second embodiment of the



the neans (resistor 14) for detecting that one term nal voltage of the

el ectroni.-c switch 4 is a positive voltage when the battery charger is
connected to the positive and negative connection termnals 1 and 2 and the
charging is stopped and whi ch di sabl es the charge control neans (conparator
10), it is possible to prevent an undesi¥uble dark current from flow ng.
Furthernore, since the battery protection circuit includes the high voltage
detecting neans (npn transistor 17 and resistors 18, 19) for detecting that
one term nal voltage of the electronic switch 4 is the positive voltage and
is the predeterm ned val ye or greater and wherein the, output rom.th

gi scharge cBFEFIt Hé‘é’ﬁé‘téeBwF% BERrthy qaé:ti:ﬁﬁfePFﬂb?%Bi% W%ilgﬁigﬂfef'age
val e, |t he PRmEA R ta pESb ORI A (Rh BiBee 20 BHETE BT PECone
chattering e:ibﬁﬁcaat?]i‘?ﬂ’ cEﬁEEP{aggPﬁéraéd”t?xec %ﬂﬂﬁg@cﬁé‘ﬁéé’@e&‘f ‘tpehe

term nal s had been short-circurt herefore, t battery protecti.on
circuit accaeedelidm ndding ¢¥BREaGBdetadtdie 5Qnehdt €8 seds MLty ily. Thus,

it is possible to nake the battery protection circuit which is highly
rel-i abl e. satisfactorily indicate the remaining battery amount of the
battery cell 3.

Having described preferred embodiments of the -
invention with reference to the accompanying drawings, it is to
be understood that the invention is not limited to those precise'
embodiments and that various changes and modifications could be
effected therein by one skilled in the art without departing

from the spirit or scope of the invention as defined in the

appended claims.



Since the operation voltage is supplied to the discharge control neans
(conparetpr.Q) and the charge control neans (conparator 10) through the
predeterm ned term nal voltage detecting neans (voltage deteetor-5), it is

possi ble to considerably reduce a dark current which fI 'B’Wﬁt hese

circuits provided within the battery prryg ection circuitjf ,mHm,M"I

tenperature detecting means (PTC 8) is connected in seri€
t hrough which the bias current is supplied to the electronic smn fcnsa,+
the current supplied to the electronic switch 4 is controlled so as to
becone the predeterm ned value in response.to the detected tenperature from

the tenperature detecting nmeansyHadtehsi &1asmé@®SiH:bl e to obtain the battery
protection circuit which can be operated stably. In particular, it is

possible to prevent the tenperature of the battery cell 3 fromrising
extraordinarily due to an abnormal charging or the like, Wile the PTC 8
serving as the tenpetatAihatderycprotedtion digFcudhreePRELSEiNdhe i | | ustrat ed

position in FIG 1 as described above, the present inventi limted
thereto and the PTC Bosdfiye anshnegabive copnestion FFF@lﬁﬁiﬁ‘f%n{'}é"% Fl G

1. In this_cage, nce the bi
load orsiattery %hgrggrcigrégﬂheéieﬁpt supplied to

a battery cell;

an electronic switch connected in series between one
of said connection terminals and said battery cell; and

detecting means for detecting a predetermined terminal
voitage of said battery cell, wherein when it is detected by
said detecting means that a terminal voltage of said battery
cell is a predetermined value or greater, a very small current
flows from said detecting means to said electronic switch to
change oné terminal voltage of said electronic switch obtained
when said load or battery charger is connected to said positive
and negative connection terminals and the supply of current from
said battery cell to said load or the supply of charging current
from said battery charger to said battery cell is effected by
increasing a control voltage of said electronic switch in
response to the change of said terﬁinal voltage and wherein when
it is detected by said detecting means that said terminal
voltage of said battery cell is a predetermined value or
smaller, a connection between one of eaid positive and negative
connection terminals and said battery cell is disabled by
interrupting the supply of a bias current to said electronic

switch.



13 the PTC 8 during other period than the charging period, it is possible
to lessen an el ectric power consunmed by the PTC 8. Further, \Wile-the—
conparators 9, 10 are operated by the output fromthe voItaﬂe det ect or

descri bed above, the present invention is not limted iuﬂlﬂ H"r& |
conparators 9, 10 may be operated by anldutput froma ting
Zener di ode shown by a phantomb in FIG 1. Furt her nore,” whi | e t
above-nentioned battery protection circuit is housed in the battery pack as
descri bed above, the present invention is not limted thereto and the
battery protection C|rc be h
operated by a batter gl éf%’rf% BIQ e 3’?‘891 g%’égﬁh J“&%‘ﬁéﬂ?&%ﬁ %}Qﬁ}{l
circuit ac 0 e | G
Shicthd b qFraSE L0 arhadregl, lgérélﬂ%fﬁbeé 3h 58YEHId rdrfi <,F

2, elements and parts’i entlca to t 1 ar same

ref er ences yad N ohehos&idershd'Gls benfBeesd el sial ddpbaii tivacamd chéghﬁiaré hi s
enbodi nent, the battery cell 3 can be forned separately fromthe

above- nent lcumxédmabhetgrmmmtam aidicectiobpar whichl by cuasestofitows) i G

2, the battery cell 3 can be fornmed separately fromthe battery protection

circuit bysaid electronic switch when said battery charger is connected to
said positive and negative connection terminals are made

opposite to each other.

3. A battery protection circuit according to claim 1,
further comprising discharge control means for detecting that
one terminal voltage of said electronic switch is a positive
voltage and superimposing a control current upon said bias
current such that an operation current of positive direction
flows in said electronic switch and charge control means for
détecting that one terminal voltage of said electronig switch is
a negative voltage and superimposing a control currént upon said
bias current such that an operation current of a negative |

direction flows in said electronic switch.

4. A battery protection circuit according to claim 3,
further comprising'means'for detecting that one terminal voltage
of said electronic switch is a positive voltage and disabling
said charge control means when said battery charger is cohnected
fo said positive and negative connection terminals and a

charging is stopped.

5. A battery protection circuit according to claim 3,



connecting connection terminals.21, 22 to both ends of the battery cel
Wth the above-nenti oned arrangenent the battery pretection—cirrcuit
according to the present invention can be applied to t ry
pack and load. If this circuit is forned as an adapt or| Hﬁ Mn@ﬂll ‘“r
above-nmenti oned operation can 14 be a8rried out by

adapt or between the battery cell 3 and the load. If there are prOV|ded a

plurality of sets of the connection termnals 1 and 2 of the |oad side,
then the battery protection circuit according to the present invention can

camera and S CRHRE it aicR 68 Naihel gRedSr A e FoR JREET RS ol nce
the batter il lond karh@hllvogpasdlst sealaog}éégﬁmzé Yot clhOLECL! O ClTcult

and connected through e connectron term' 2 which are different
from the pqsiditsereaRdliaget aHe LFGEE M hepréditcermined VA1hBCamat tery
protection circuit and this circuit is provided.between the battery cell 3
and t he | omhaaeimhanadappat, oftsaid discharge control means is interrupted

when said high voltage detecting means detects a voltage larger

than said predetermined value.

6. A béttery protection circuit according to claim 3,
, 4 or 5, wherein a VOltage is supplied to said discharge control
means and said charge control means through said predetermined

- terminal voltage detecting means.

7. A battery protection circuit according to claim 1,
2 or 3, further comprising temperature detecting means connected
in series to a line through which said bias current is supplied
to said electronic switch and wherein a current of said
electronic switch is controlled so as to become & predetermined
value in response to a detected temperature.of said temperature

detecting means.

8. A battery protection circuit according to any one
of claims 1 to 7, wherein said battery cell is formed separately
and connected to said circuit through connection terminals
different from said positive and negative connection terminals,
and said circuit is provided between said battery cell_and said

load as an adaptor.



possible to provide a battery protection circuit which-ean-satisfactorily
applied to the existing battery pack and load. In the -r i aped
battery protection circuit, the voltage detector 5\&5%%%“&‘““5 t he
vol tage of the battery cell 3. Accordingly, if a si e T the vol t age
detector 5 is supplied to a light-em tdPng di ode 20, then the
light-emtting diode 20 can indicate a renaining battery anmount of the
battery cell 3. Mre specifically, the remaining battery anount of the
battery cell 3 can be indicated by use of a circuit disclosed in Japanese
pat ent application No. 4-353605 (Japanese | ai d-open patent publication No.
6- 189461)) that has %eéanFFGHYb?r‘?"rﬁ?%?e°&§§Péﬁe%°‘g?r‘f+ﬁ% AN on. As
descri bed apove,, according o the battery.prof i i i ording to

t he secono°€r?\é(?di"h°’eﬁlt L8f§lt urth%cﬁfnggé%fﬁén%@%ié%r}oqsﬁ%c%gtst %gﬁbattiery
protection, gi it i.ocl i i I~RR | %Pemd ' i gge 20)
whi ch car r?@é‘fﬁ‘{%ﬁ?‘. %gﬁgg?%gﬁncé(}%%g%ﬁgﬁn a??) é%&\% aggtgg? ggtg by
the detectd oy Raetivg hegRsdetector 5), it is possible to satisfactorily
i ndicate the remaining battery anmount of the



battery cell 3. Having described preferred enbodi nents of the invention
with reference to the acconpanying drawings, it is to be understood that
the invention is not limted to those precise enbodi nents and that various
chariges and nodi fications could be effected therein by one skilled in the
art without departing fromthe spirit 80 scope of the invention as defined

in the appended claims. 16 Wat is clainmed is: 1. A battery protection
ci rcui t coGPNTROLNQTRGUE | BORYERCIECTING AN | ENCESS DISCHARCE GeAnBA¥IERY 0 Whi ch a
| oad or battery charger is connected; a battery cell; an el'ectronic switch

connected in series between one of said connection term nals and said
battery cell; and detecting ABSFRACErOK MEE: DLRGLASBREdet er mi ned terni na
voltage of said battery cell, wherein when it is detected by said detecting
means that a termnal voltage of said battery cell is a predeterm ned val ue

or greater, a very spall r . .
g y ﬂR‘ové%éﬂé%&e or excess discharge can be avoided by an

electronic switch formed of a single transistor. A positive
electrode of a battery cell (3) is connected to a positive
connection terminal (1). A negative elecirode is grounded and
connected through a transistor (4) to a negative connection
terminal (2). When a terminal voltage of the battery cell (3)
is a detection voltage or greater, an output from a detecting
circuit (5) is supplied through a series circuit of resistors
(6), (7) and a positive temperature coefficient resistor (PTC)
.(8) to the base of the transistor (4) and supplied to power
supply terminals of comparators (9), (10). Further, voltage-
divided outputs of resistors (11), (12) and the connection
terminal (2) are respectively connected through resistors
(13),(14) to positive and negative input terminals of the -
comparators (9), (10). The dutputs of the comparators (9), (10)
are connected through transistors (15), (16) to a junction
between the resistors (6) and (7). The output from the
comparator (9) is grounded ﬁhrough a transistor (17) and the
base of the transistor (17) is grqunded and connected to the

connection terminal (2) through resistors (18), (19).

Figure 1



flows fromsaid detecting neans to said electronic switch to change one
termnal voltage of said electronic switch obtai ned when said | oad or
battery charger is connected t dllnegati ve connecti on
ternminals and the supply of curlf &HtS $H%ﬁ ﬁ&%&t ery cell to said |load or
the supply of charging current [from tery gharger to said battery
cell is effected by increasing a contrif2 voltage of said electronic switch
in response to. the change of said termnal voltage and wherein when it is
detected by said detecting neans that said term nal voltage of said battery

cell is a predeterm ned value or snmaller, a connection between one of said
positive and negative connection termnals and said battery cell is
di sabled by interrupting the supply of a bias current to said electronic
swi t ch. 2.. A ba€§emy rotection circuit according aNm 1, wherein a
direction in which ajlcurrent flows in said electronic shitch when said | oad
is connected to sald positive and negative connection t i-nals and a
direction in which ajcurrent .f)J ows in id elg\trgglc spi tch when said
battery charger is cdnnected t( sai d pqﬁitl rmﬁpegat ve fonnection
termnals are nade .
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opposite to each other. 3. A battery protection circuit according to claim

1, further conprising discharge_control neans for detecting that one

term nal voltage of said electr itive voltage and

superinposing a control current DE@%%&& gﬁéigkﬁh ent such that an

operation current of positive d Id el ectronic switch and

charge control nmeans for detecting that2pne term nal voltage of said

el ectronic switch is a negative voltage and superinposing a control current

upon said bias current such that an operation current of a negative .

direction flows in ld-electronic swtch. 4. A batter tion circuit

according to claln1zglga?rher conpri sing neans for det§;f$ﬁ3§fhat one

term nal voltage of sajd electronic switch is a positive Yol tage and

di sabling said charge fontrol neans when_said battery chafgerlis connected

to said positive and nggative ggnnecti onterm mal saand a fharging is

stopped. 5. A battery orotectlod CIrCUIt accord(ng i m 3 further
\reghs \ W-Hat~@ng termna

conprising high voltagge dete
vol tage of said electrpnic s
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posi‘tiveé vol tage and | ar gee=than
out put of said discharge COHEPEAOm®§@$SE§ET

vol t age_. detecting neans detectszﬁzvgk-qgga ar ger
val ue. 6. A battery protedtDaea:Clreu.f. accordi ng

wherein a vol tage i s supplHed—ts=sarg=thi-sehdl ge g #i d
charge control neans through said predeterm ned tles oo gdetecti ng

neans. 7. A battery protection circuitygccording to claiml, 2 or 3,
further conprising tenperature detecting neans connected in series to a

| i ne through which said bias current is supplied to said electronic swtch
and wherein a current of said electronic swwtch is controlled so as to
beconme a predeterm ned value in response to a detected tenperature of said
tenperature detecting nean$.$§. A battery protection cifceteapccording to
any one of clains 1 to 7, wherein said battery cell is fofned separately
and connected to said circuif through connection term nal hfferent from
said positive and negative cpnnectiog term mals, gndesai d{cinfcuit is

provi ded between said battery cell afd saigijad ds r.
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9. A battery protection circuit accord| ng to any one of clains 1 to 8
further conprising i ndi cati on nmeans for effecti ngjfam T ndi cat ron
corresponding to a vol tage detected by said detec ﬁﬁj"—ﬁ\@%@sm SHE
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