SPECF FI CATI ON BATTERY PROTECTION CIRCUI T 5 Technical field

The present invention relates to a battery protection circuit having a
function for protecting rechargeabl e batteries such as lithiumion
cel | s agai nst.overchar ge. 10 Background art A lithiumion power
supply unit that enploys lithiumion -1cells as a power source (such a
power supply unit is also called “lithiumion battery pack") usually
i ncorporates a |ithiumion ceIFPEFGFEEP?SﬂNC|rCU|t for protecting the
lithiumion cells from 15 overcurrent, -overdischarge, and overcharge.

A conventi onal l'ithiumion power supply unit incorporating, for

exanpl e, - | 0 : lithiumion cells and a lithiumion
cel | %$§T55¥i€ﬁ6tﬁ#%%95 Egﬁ§§ﬁgtituted and operates as foll ows.

Fig. 4 is a block diagramof a conventional lithiumion 20 power supply
unit having two lithiumion cells connected in seri es. Nunerals 101

and 10g reQses 841! EiQigm i on cells.
The present invention relates to a battery protection
circuit having a function for protecting rechargéable batteries

such as lithium-ion cells against overcharge.

10 Background art
A lithium-ion power supply unit that emplgys lithium-ion
cells as a power source (such a power supply unit is also called
a "lithium-ion battery pack") usually incorporates a lithium-ion.
cell profection.circuit for protecting the lithium—ion cells from
15 overcurrent, overdischarge, and overcharge. A conventional
lithium-ion power Supply unit incorporating, for example, two
serially connected lithium-ion cells and a 1lithium-ion celi
protection circuit is constituted and operates as follows..
Fig. 4 is a block diagram of é conventional 1lithium-~ion
20 power supply unit having two 1lithium-ion cells connected in
series. Numerals .101' and 102 represent lithium-ion cells.
Numeral 103 represents a charge contrdl FET (an n—channel.field-
effect transistor) for switching the state of the pdwer supply
unit between a state in which the lithium-ion cells 101 and 102
25 are charged and a state in which they are not charged. Specifi-
cally, when tﬁe FET 103.is oﬁ, the lithium—ion‘cells 101 and 102
are chafged, and, when the FET 103 is off, they are not charged. -

Numeral 104 represents a charge control FET control circuit for



Numeral 103 repfesents_a’charge control FET (an n-channel field- ef f ect

transistor) for switching the state of the power supply - unit between a
state in which the l'ithiumion cells 101 and 102 25 are charged and a
state in which they are not charged. Specifi- cally, when the FET 103
is on, the lithiumion cells 101 and 1022- are charged, and, when the FET
103 is off, they are not char Nurmer al - 104 represents a char

control FEVrBGHErBP apd.aff the charge control FET 103. Numerals 1 and

-2- d off th h t FET 103. N |s 105 .a
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lithiumion ce protection circuit .200. er-potentia

- end of thejgaiuASieh At Wrdtddiion 01rcui@nf§§|b§o%8ét£ﬂ§ éQ&hl%f the
connected to the positive tern1na| 105, and is al so connected through

the resisigthitm-tiont @elle molaland 102T Erohhoveadhakgent wadn m2g T8 T4,
lithiumion cells 101 and 102 i-s
and TS represent_termlnals of the lithium-ion-cell protection
circuit 200. .

10 The higher-potential end of the series of the two lithium-
ion cells 101 and 102 is connected to the positive terminal.105,
and is also connected through the resistor 107 to the terminal.
T1l. The node A between the two lithium-ion cells 101 and 102 is
connected through the resistoi 108 to the terminal T2. The

15 lower-potential end of the seriés of the two lithium~ion cells
101 and 102 is connected through the FET 103 to the negative

"terminal 106,.and is also connected to the terminal T3. Note
that the terminal T3 is grounded within the lithium-ion cell
protéctiqn circuit 200, and therefore the voltage at the lower-

20 potentiai’end of the series of the two lithium-ion cells 101 and
102 equals the ground 1ével. The chargé control FET control
circuit 104 has its input connected to the terminal T4, and has
its outbut connected to the gaté of the charge control FET 103.
The chip capacitor 109 has its one end connected to the terminal

25 TS, and has its other end grounded.

Tﬁe lithium-ion cell protection circuit 200 consists of an
overcharge detection circuit 1 and a delay setting circuit-7.

.The_ovefcharge detection circuit 1 is composed of two comparators



connécted through the resistor 108 to the termnal T2. The 15

. ower - potential end of the series of the two lithiumion cells 101 and
102 is connected through the FET 103 to the negative term nal 106, and
is also connected to the term nal T3. Note that the termnal T3 is
grounded within the lithiumion cell ~=3-protection circuit 200, and

therefore the voltage at the | ower- _ 20 potential end of the series of the
two |'ithitiPBR der $Wpprongrant vokgage, gpurces 13 o8R@ L4ywhose euytput
charge control FET contyol - circuit 104 .has its input.connected to._the
Cormnal aitaae8naEe Vi pod, fhye: TEORRELLEALY, BRE Bh OB CLREILRaLge
control FET 103. The .chip_capacitor 109 has.its one end connecte o]
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detection erfeare 1 and a dela ing Circuit e over

det ectionginghhi (1§ CUMASSLA! o0 chATPRIGAGF Spotential end 11:fangré2,

constant voltage sources 13 and 14 whose out pu vol tages are err]

. and- V[ err&oﬁgﬁaﬁﬁt!vshata?andsaar@a-chsgui hdBe lowébepbeBRRLANONchd has
its non-inverting input termnal (+) - connected to the termnal T1, and

hag i]Es Lﬁ&ﬂﬁébﬁédi kpUtthed tedfniinl TZ:) Cheneompdriatdrhadilgheripst Adhi-al
end of fnvertihg input terminal (+) connected to the terminal T2, and
has its inverting input terminal (-) connected to thé higher-

10 potential end of the constant voltage source 14, whose lower-
pbtential end is grounded. The OR circuit 15 receives as its
inputs thelbufputs of the comparators 11 and 12, and the output
of the OR circuit 15 is used as the output of the overcharge
detection circuit 1.

15 As a result of the above—descfibed interconnection, the
overcharge detection circuit 1 operates as follows. When the
voltage across eithér of the lithium-ion cells 101 and 102
exceeds a predetermined voitage (the predetermined voltage is V., -
for the lithium-ion cell 101 and V_,, for the lithium-ion cell

20 102), that is, when overcharge starts, the overcharge detection
circuit 1 outputs a high level (this high-levél .output is
hereafter referred to as the "overcharge detection signal').

On the other hand, the délay setting circuit 7 is composed
of a comﬁaratbr 71, constant cd:rent sources 72 and 76, an npn-

25 type transistor 73, én inverter 74, and a constant voltage source
75 whose output voltage_is V,. The constant current source 72 is
connected to the OR circuit 15, and is so configured as to be

~ turned on when it receives the overcharge detection signal. ' The



consfant voltage source 13, whose |ower-potential end is - connected to

the termnal T2. The conparator 12 has its non- I nverting i nput

term nal (+) connected to the termnal T2, and has its inverting input
termnal (-) connected to the higher- 10 potential end of the constant

vol tage source 14, whose lower- ~ poteétial end is grounded. The OR
.circuit 15 receives as its i nputs the outputs_of the conparators 11 and

12, and tPetBUEp@Ef the ppopglapk curzent 19PYEce sEgd 48 gpnnaatad t9 the
result of the
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71, constant current sources 72 and 76, an npn- 25 type transistor 73, an:

inverter s abh-dnt@idiag iMphegeesmingd (+) /Contiécted®UtpUtthed| hdds BS
V[err]. The constant current source 72 is connected to the OR circuit
15, and ibet®eennthgueenstant cclterent sournmesl 72) vhen termisadi 65 &hd the
overcharge detection signal. The :
collector of the transistor 73, and has its inverting input
10 terminal (-) connected to the higher-potential end of the
constant voltage source 75, whose lower-potential end is
grounded. The constant_cﬁrrent sourcé 76_is'so.configured as to
be turned on when it receives a ‘high-level output from the
comparator 71, and its output is connected to the terminal T4.
15 As a result of the above-described interconnection, the
delay setting circuit 7 opérates as follows. When the delay
- setting circuit 7 receives the overcharge detectiOn signal'from
the overcharge detection circuit 1, the npn-type transistor 73 is
.turned off. This causes the constaﬁt current soufce 72 to start
20 supplying a current to the termihal T5 and thereby start charging
| the chip capacitor 109. As time passés, the voltage across the
chip capacitor 109 rises, and, when this'voltage exceeds the
voltage V,, the comparator 71 outputs'a'high level, causing the
constant'current source 76 to supply a predetérmined current to
25 the termihal-T4 (this predetermined current is hereafter referred
to as the "charge inhibition signal"). That is, in.response to

the overcharge detection signal from the overcharge detection

circuit 1, the delay setting circuit 7 outputs the charge



-4- = out put of the constant current source 72 is connected to the
termnal T5 and also to the collector of the transistor 73. The
inverter 74 has its input connected to the output of the over char ge
detection circuit 1 (i.e. the ORcircuit 15), and has .5 its output
connected to the base of the transistor-83.. The emtter of the
transistor 73 is grounded. The conparator 71 has Its non-inverting

i nput t erinipipition igral stlth a predeyermined delareh (e E¥asf ) thatent
source 72, the_termnal T5, and the collector of the transistor 73, and
has its i%’%‘?ﬁﬁgq‘nﬂﬂ?e ?BrrFQlehalsul’(P-l)i%’onme&hﬁo gopstant current

hi gher - potenti al_gnd of the constant volt source, 75, se
oanr - porBRHTEE Thd F8e CabRCEARGE CAE TonsEhe CHPRGAEOLoIPEe 8d the,
configured as to be tur on when .it, receives a high-Jevel output from
the 0" ConfBivt fue1 tads ey 1 S ST AR S 1% i el Th. 15
As a rgsult of -ahovg- | knte | - : |
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circuit 1, the npn-type transistor 73 1s furne Thi's causes the

const ant SakEFst BRYI EB8ntZolo ikt AQ4S WHdeiivis kel éKaEgd O1hRELE £LGH NA
T5 and thereby start charging the chip capacitor 109. As tinme passes,

t he vol t agifgi€Y Ofcorii the deXdy Betttfiany Iclrcllt 17,541, oakgutwhanlbwi Fevel ) age
exceed§ tiﬁ% thereby causes the chérge control FET 103 to_be turned off.
10 As a result, the 1ithium-ioh cells 101 and 102 are cut off from
a charging unit that is connected between the positive and
negative terminals 105 and 106, and thereby the charging of the
lithium-ion cells 101 and 102 is stopped. In this way, the
lithium-ion cells 101 and 102 aré protected against ovércharge.
15 . The purpose of securing a delay as described above between
the detection of overcharge énd the inhibition of the chérging of
the lithium-ion cells is to dancel erroneous activation of the
overcﬁarge detection circuit 1 by external noises.
As shown in Fig. 5, the above-described lithium-ion power
20 supply unit is formed as a hybrid IC (integratéd circuit) that
has its constituent elements shown in Fig. 4, such as the chip
capacitor 109 and the lithium-ion éell protection circuit 200,'
mounted on a single substrate 300. As a reSult; this lithium~-ion
power sﬁpply unit tends to suffer from_a short circuit.ih the
25 chip capacitor 109 that is caused by a crack in .the chip
_ capacito? 109, by a defect in the'wiring pattern on the substrate
300, or for some other reasén;.

A disadvantage of the above-described conventional lithium-



voltage V[err], the conmparator 71 outputs a high level, causing

t he

constant current source 76 to supply a predeterm ned current to 25 the
termnal T4 (this predetermned current is hereafter referred to as the
"charge inhibiition signal™). That is, in response to t he overcharge
detection signal fromthe overcharge det-®ecti on circuit 1, the delay
setting circuit 7 outputs the charge ' : _
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charge inhibition signal, and accordingly, even in case of
overcharge, the charging of the lithium-ion cells 101 and 102 is
continued until they are brought into such hazardous condition

that they start emitting smoke or even burning.

Disclosure of the invention

'According to the present invention, a lithium-ion cell
protection.circuit that uses a capacitance element to produce'a
delay after the detection of overcharge of lithium-ion cells
before the inhibition of charging is further provided with a
meaﬁs for detecting a short circuit in the capacitance element so
that charging of the lithium-ion cells is inhibited when the

capacitance element is found to be short-circuited.

Brief description of drawings

Fig. 1 is a circuit diagram of a lithium-ion power supply

‘unit incorporating a 1lithium-ion cell protection circuit

embodying the present invention:;
Fig. 2 is a circuit -diagram of an example of the delay
setting circuit having the function of detecting a short circuit

in the capacitance element as used in the lithium-ion cell



lithrumion cells 101 and 102 are protected agai nst overcharge. 15

The purpose of securing a delay as described above between t he
detection of overcharge and the inhibition of the charging of t he
lithiumion cells is to .cancel erroneous activation of the over char ge
detection circuit 1 by -external noises.=7- As shown in Fig. 5 the.

above-described |ithiumion power 20 supply unit is formed as a hybrid IC
(i nt egr ateEOteetiPn) cinguit shaws insFigmslituent el enents shown in Fig. 4,

such as the chip capacitor 109 and the Ijthiumion cell protection
circuit 200, Fignpdirk@® SlogksAigezam 82 Aithbin-ian pawaysuppdy; ynit
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circuit; and
Fig. 5 is a diagram showing the structure of a lithium;ion

10 power supply unit formed as a hybrid integrated circuit.

Best mode for carrying.out_the invention.
Hereinafter, an embodiment of the present invention will be
described'with.reference to the drawings. Fig. 1 is a circuit
15 diagram of a lithium-ion power supply unit incorporating two
serially connected 1lithium-ion cells and a lithium-ion cell
protection circuit 110 embodying fhe present invention. In Fig;
1; numeral 2 represents a delay setting circuit 2 having the
- function of detecting a short circuit in the capacitance.element.
20 Note that, in this figure and in the following descriptions, such
elements as are found also in the conventional example shown in
Fig. 4 are identified with the same designations, and overlapping

explanations will not be repeated.

The delay setting circuit 2 having the function of detecting
25 a short circuit in the CapaCitance element is compoéed-of a first
comparator 21, a second comparétor 22, constant current sources
23 and 30, switching circuits'24, 28, and 31, constant voltage

sources 25, 26, and 27 whose output voltages are respectively V,,



detection circuit 1 outputs the overcharge detection signal. Thi s means
that the delay setting circuit 7 never outputs the charge inhibition
signal, and accordingly, even in case of overcharge, the charging of
the lithiumion cells 101 and 102 is 10 continued until they are brought

I nto such hazardous condition that tBey start enitting snoke or even
bur ni ng. Di sclosure of the invention According to the
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protection circuit 25 efbodying-the present invention; _ _ g. i's
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function of detecting a short circuit in the capacitance el enent as
used in tdrRrbughi yhei switchling circuit 28 to the higher-potential end of
the constant voltage source 26,lwhose loWer—potential end is
grounded. The switching circuit 28 is so configured as to be
10 turned.off when it receives the overcharge detection signal.
| The non-inverting input terminal (+) of the first:compérator'
21 is connected to the terminal T5. The inverting input terminal
(~) of the first comparator 21 is connected to the higher-
potential end of the constant voltage source 25,.whose lower-
;5 potentiél'end is grounded. The non-inverting input terminal (+)
of the second comparator 22 is connedted to the higher-potential
end of the constant voltage source 27, whose lower-potential end
is grounded. The inverting input terminal (—).of the second -
comparator 22 is connected to the terminal T5.
20 The OR circuit 29 receives as its inputs the outputsfof the
first and second comparators 21 and 22, and, when the OR circuit.
29 receives a high level from eithe: of these comparators, it
outputs a high level. The outpuf of the constant current source
30 is connected through the switching circuit 31 to the terminal
25 T4. The switching circuit 31 is so configured as to be turned bn_
when the OR circuit 29 oufputs_a high level. |
As a result of the above-described interconnection, the

delay setting circuit 2 héving'the function of detecting a short



-7- protection circuit shown in Fig. 1; ' Fig. 3 is a block
diagramof a lithiumion power supply unit provided wth a nmechani cal
switch or a current -direction detecting circuit for controlling the
operation of the lithium 5 ion cell protection circuit enbodying the
~present invention; . Fig. 4 is a=®rrcuit diagramof a lithiumion
power supply . unit_incorporating a_conventional - lithiumion cell .
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the follow ng descriptions, such  elenents as are found also in the
convent i ofgtm xR €) YPWhed First comparator 21 equals V, and the voltage
at its inverting input  terminal (-~-) equals V,, whereas the
voltage at the non-inverting input terminal (+) of the second
10 comparator 22 equals VvV, and the voltage at its inverting inpﬁt
terminal (-) equals V,. Here, since V, > V, > V;, both of the
first and second comparators 21 and 22 keep their output low, and
thus the OR circuit 29 keeps its output low. Accordingly, the
switching circuit 32 remains off, and therefore the constant
15 current source 30 does not supply the predetermined current to .
the tefminal T4. That is, while the delay setting circuif 2 does
not receive the -over_charge detection signal from the overcharge
detection circuit 1, it never Out-pufs the charge in'hibitionl
signal, provided that the chip .cap.acitor 109 is not short-
20 circuited. |
When the delay setting circuit 2 receives the overcharge
detection signal from the overcharge detection lc:i..rcuit 1, 'the
switching circuit 24 is turned on_and the switching circuit 28 is
turned o‘ff. Accordingly, the voitage at the non-inverting input
25. terminal _(+-) of the first comparator 21 and the voltage at the
inverting .inp'ut terminal (-) of the second comparator 22 both
become equal to the véltage ét' the chip capacitor 109.

If the chip capacitor 109 is not short-circuited, that is,



Fig."4 are identified with the sane designations, and overl appi ng

expl anations will not be repeated. The delay setting circuit 2
havi ng the function of detecting 25 a short circuit in the capacitance
el enent is conposed of a first - conparator 21, a second conparator 22,
constant current sources 23 and 30,-X tching circuits 24, 28, and 31
const ant volta sources 25, 26, and 27 whose out put voltages are -
respecti vk A normal conditiow e'FP? chip ‘V{Q@‘F:}t‘ﬁﬁ@rge syegits) being
Vierr] V] e an, OR circuit se conponents are
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non-inverting input termnal (+) the first comparator . 21 is

connect edswDtéheng erdire@hid5.31Thds nearhedy onpudnd erdﬂﬂpaits the( - chatgéhe
first conparator 21 is connected to the higher-
inhibition signal . That is, provided that the chip capacitor 109
is not short-circuited, in response to the overcharge detection
10 signal, the delay setting circuit 2 6utputs the chafge inhibition
sijnal with a predetermined delay t, (t, = C(V, - V) / I,) thaf
depends on the current I, suppiie& from the constant cufrent
source 23, the capacitance C of the chip capaciter 109, and the
output voltages V, and V, of the constant voltage sources 25 and
15 26. _ Note that, in this case, since the voltage at the chip
capacitor 109 is shifted dp to V, in advance, the second compara-
tor 22 keeps its output low throughout. | |
By contrast, when the chip capacitor 109 is short-circuited,
the voltage at the chip capacitor 109 is fixed at the ngund
20 level, ‘and accordingly the second comparater 22 outputs a high
level. This causes the charge ihhibition signal to be ou_tpu:tted,.
just as when the first comparetor 21 outpufs e high level. That
is, when the chip capacitor 109 is short-circuited, in response
- to the overcharge detection signal, the delay setting circuit 2
25 immediately outputs the charge inhibition signal without a delay.
Note.that-,. in this'cas_e, the first comparator 21 keeps its eutput |
low throughout. |

Fig. 2 is a more particular circuit diagram of an example of



potential end of the constant voltage source 25, whose |ower- 15 potenti al

end is grounded. The non-inverting input termnal (+) of the second
conparator 22 is connected to the hlgher-potentlal end of the constant
~vol tage source 27, whose | ower-potential end I s grounded. The~ '
‘inverting input tern1na| (-) of the secddec conparator 22 is connected
to the term nal_T5. The OR circuit 29 receives as its inputs the
out puts dihe elay $¢F§%nsnei§eee)ﬁd2caﬁrf&pat dhe fungidlop ofydetepkinghe OR
circuit 29 recelves Ievel fromeither of these conparators, _it
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of f .and td¥ercuit<£hi pgmeiraas t 543 337; eaRiansesn. re’ﬁfi@ﬁéi‘liﬂgbési@t@‘tsdechﬁ@af
the chip capacitor 109 is
numeral 66 represents a constant voltage source.
These components are interconnected as follows. The -
10 transistors 41 and 42 form a differential pair, with their
emitters connected to the constant current source 45. The
collectors of the transistors 41 and 42 are connected to the
input ana output, resp.ect.ively, of a current mirror circuit
constituted by the transistors 43 and 44. The base of the
15 +transistor 41 is connected to the terminal T5, which is connected
thfough the switching circuit 52 to the constant current source
51. The resistor 54 has its one end connected to the constant
current source 53, and has its other end connected to thé
collector of the diode-~connected and'emitter—grounded transistor
20 68. The base of the transistor 42 is connected to that end of
the resistor 54 wnich is connected to the constant current‘sourse
53.  The current supplied from the constant surrent source 45
flows into the collector of the transistor 68. The switching
citcuit 52 is so configured as to be turned on when it receives
25 the overcharge detection signal. | |
The transistors 46 and 47 form a differential pair, with
their emitters connected'to the constant cutrent sonrce 50. The

collectors of the transistors 46 and 47 are connected to the



not short-circuited, tHKe voltage at the non-inverting input term nal
(+) of the first conparator 21 equals V2 and the voltage at its
inverting input termnal (-) equals Vferr], whereas the vol tage at the
non-inverting input termnal (+) of the second 10 conparator 22 equals V2
.and the voltage at its inverting input=12-ternminal (-) equals V3. Here,
since V[err] > V[err] > V[err], both of the first and second
conpar at dmputy ﬂﬁ@ iRy t HGFPGGGF-H&P-YIrov?f aftd curreny smigrorr eireyit 29
32 renmi ns
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overchar ge tection signa rom t e over char ge tection circult
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turned off. Accordingly, the voltage at the non-inverting input 25

~terninal wiien @hd kenid balses vmlaageos2appliiedhthepbtogethé tiensistor 46
inverting input termnal (-) of the second conparator 22 both becone

equal todllleowsoM admeat (Nhe Ihigowsmamrterrt HaO flow therethtotugh thap the
capacitor 109 is not short-circuited, that is,
transistor 47 does.

10 The transistor 60 is diode4connected, and has its emitter
connected to the constant current source 59 and its collector
cénnected to the collector of the transistor 68. The transistor
62 has its emitter connected to the constant current source 61,
has its collector connected to the collector of the transistor

15 68, and has its base connected to the terminal T5.

'fhe ‘resistor 57 has its one end connected  through the

switching circuit 56 to the constant current source 55, and has

its other end connected to the colléctor-of'the transistor 68.

The base of the transistor 58 is connected to that end of the

20 resistor 57 which is connected though the switching circuit 56 to
.the constant current source 55. The emitter of fhe transistor 58

is connected to that end of the resistor 57 which is connected to

the collector of the transistor 68. The collector of  the
transistor 58 is connected to the terminal T5. The sﬁitching

25. c1rcu1t 56 is so configured as to be turned off when it receives
the overcharge detection signal.

The base of the transistor 63 is connected to the node

between the collectors of the transistors 42 and 44, and the basé



-10- . if it is in nérmal condition, the chip capacitor 109 starts being

charged with the current supplied fromthe constant current source 23,
and, as tine passes, the voltage across the chip capacitor 109 rises.
.v%en this vol.tage exceeds the voltage V[err], 5 the first conparator 21
outputs a high level, and thereby cause33- the OR circuit 29 to output a -
high level. As a result t he swtching circuit 31 is turned on and

out put s tqfe Ehﬁr Jeransistomi 6% i 48 Sgmacterhattoi sther Hpdgedberueennhethshi p
capaci t or is not short-circuited, in response tq the overcharge

deL egt i oﬁ’°13?G°t:ﬂr€n8f %;ﬁ"‘aﬁ; 18 My @}(;?dcd’lf% 2 The srllaghors afydhe
'_:v'[ or 1] FRAnsiatiey Br.pha 68 HSHREH Betrncted Farptn ]eFf’%[%eﬁJﬁf‘f%’a & om
capac { ol LY Eisces O%*‘ff‘%u%é SRS SEBE 8 CrtelrirPicy Bp, the

t ant | { to
A b e s o i S A s

advance, ghize 63c6280c6ARBRERY to the' ce21KE8€62 bf%ﬂetﬁﬁnéﬂ\eéﬁrwgh%{e
By contrast, when the chip capacitor 109 is short-circuited,

vol tage il ST 672 M tidds Ea tied ldaﬂxeﬁtémeccgrﬂw%on&alxﬁya}qn@yé
accordingly the second conparator 22 outputs a high | evel . Thi s causes

- the char gouride 66, tasidrsal cobléetont pohhedted to jthet téi"m\dm[l g fandst
conparator 21 outputs a high level. That
has its base connected to the node between the resistor 65 and
10 the collectors of the transistors 63 and 64.

As a result of fhe above-described interconnection, the
delay setting circuit 2 having the function of detecting a short
.circuit-in the capacitance element operates as féllows. Assume
that the voltage at the diode-connected transistof 68 is V, and’

15 the voltage at the resiétor 54 is V.. While the delay setting
cifcuit 2 does not receive thé overcharge detection signal, the
switching circuit 52 remains off, and the switching circuit 56
remains on. Accordingly, provided fhat'the chip capacitor 109 is
not short-circuited, +the base 'voltage. of the transistor 41

20 approximately equals V,, and the base volta§e-0f the transistor
42 equals V; + V;. Thus, the transistor 63 remains off. On the
other hand, the base voltéges of the.transistors 60 and 62 both'
equal V,, and the base voltages of thé transistors 46 and 47 are
equal. However, since more current flows through the transistor

25 46 than through the transistor 47, the transistor 64 remains off.
Thus, since both of the tfansistors 63 ahd 64 remain off, the
transistor 67 remains off, and accordingly thé charge inhibition

signal is not outputted (i.e{ no current is supplied to the



is, Wwhen the chip capacitor 109 is short-circuited, in response to the
povercharge detection signal, the delay setting circuit 2 25 imrediately
outputs the charge inhibition signal wthout a delay. Note that, in
this case, the first conparator 21 keeps its output -l ow t hr oughout .

Fig. 2 is a nore particular circuit di agkdm of an exanpl e of

the delay setting-circuit 2 having the function of detecting a short
circuit iﬁeménégpa'éi)t'an@élaé? difontWhile rthe delayinsehting cigguifo2 deesq7,

60, 62, and 67 represent pnp-type transistors, nuneral.s 43, 44, 48, 49,
58, 63 OROTIRCBEVS (he SHAT ALY deteck 1om figanly 1t MANAT CutRyta Fhes )
53, 55, 59 d 6 t t a , I .and
2 oo cooneRaf, FIRFAEEEE sanay ¢ PR KRR B SRR S 42"

resistorsnogngh?rt_gygghg §6 represents a constant voltage source.
These . conponents are interconnected as follows.  The 10 transistors

41 ands42 for mygef]l ikl &1 Qéicﬁr%%'i Birbligh 2 reddiddS! En&OBYELLAArLE m

the constant current source 45. collectors of the transistor

and 42 af&eﬁéeﬂféhegig?ﬁaibethe sv}:ﬂ@é!ﬁiﬁ%dc%@i% 52 6P ARIrnNeR Yon Obnd the
current mrror circui constituted by the transistors 43 and 44. The
base of t&Ritching circuit 56 is turned off. Accordingly, the transistor

58 is turned off, and thus the base voltages of the transistors
.41 and 62 both become equal to the voltage at the chip capacitor
10 109.

If the chip capacitor 109 is not short-circuited, that is,
if it is in normal condition, the chip capacitor 109 starts being
charged with the current Supplied from the constant current
source 51, and, as time passes, the voltage across. the chip

15 capacitor 109 rises. When this voltage exceeds the voltage V; +
V, and the base voltage of the transistor 41 exceeds that of the -
transistor 42, the transistor 63 is turned.bn,'and thus the
transistor 67 is turned on and outputs the charge inhibition
signal.. That is, in response to the overcharge detection'éignal,

ZQ the delay setting circuit 2 outputs the charge inhibition signal
with a pfedetermined delay t, (t, = CV, / I,, where Iz.represents
the current supplied from the constant current source 51). Note
.that, in this case, since the voltage at the chip capacitor 109
is shifted up to V;, the trahsistor 64 remains off throughout.

25 By contrast, if the chip dapacitor 109 is shorf-circuited,
the base volfage of the transistor 60 equals V;, but the base
voltage-of the transistor 62, thatlis, the voltage at the chip .

capacitor 109 is fixed at the ground 1evel._'Agcordingly, the



15 transistor 41 is connécted'to the terminal T5, which is connected

through the switching circuit 52 to the constant current source

resi stor

54 has its one end connected to the constant current source

53, and has its other end connected to the coll ector of the
di ode-connected and em tter-grounded trah8+stor 20 68. The base of the
transi stor 42 is connected to that end of the resistor 54 which is -

connect ed transisteoanftdarits cinrred enuraed thug3thgh&repsistors§Fpliisedlisocom

the constant current source 45 flows into the collector of the .
transi st otuggedrRe 3R eHtRYts thej phargesinhibibiensigeatd dhatp iy in

turned on when it receives 25

yercharge detection, si

the o nal . - :
The transFeEBPRSRs tENE QYFTCHAES [ APERCEAPN GianaY;  fhe delay sekhing. s

connected to t

ors of the

transistoP&rfggghg 28 @ﬁ%ﬁ%%ﬁ%'ntéﬁﬁﬁ%ﬁﬁﬁthEThghargecqggﬁgﬁltlon signal
12- , CiyeLy, +af +A QUrrent Mrror,GlLou
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60 and 62, respectively. The current supplied from

source 50chhewguiraldo thet Coldveit OthSlighhtore &uPPshét @1 theough the
transistors 46 and 47 are so configured that,

10

15

20

25

transistor 46 than through the transistor 47, the transistor 64
is turned on when the base voltage of the transistor 60 equals V;
and the base voltage of theltransistdr 62 is close to the ground
level. |

In Fig. 2, the delay setting circuit 2 having the function
of detecting a short circuit in the capacitance element is
illustrated as having only one diodé-connected trénsistor 68.
However, the delay setting circuit 2 may be provided with more .
than one diode-connectéd .transistor, or the diode-connected
transistor 68 may be replaced with é diode or a resistor.
Moreovér, the delay setting circuit 2 ﬁay be used in a lithium-
ion celi protection circuit of the type that protects lithium-ion
cells not only against overcharge but also against_overcurrent
and overdischarge. |

The charge control FET control circuit 104 is composed of an
npn-type transistor 81, fesistors'82, 83, and 84, and a constant
voltage source 85. These components are interconnectéd - as
follows. The transisfor 81 has its base connected to the node
between the serially-cohnected'resistofs 82 and 83, and has its
collector connected through the resistor 84 to the constant

voltage source 85. The other end of the resistor 82 is connected

51. The

e constant current



when ‘t he sane base voltage is applied thereto, the transistor 46 al | ows
N-times (N> 1) nore current to flom/therethrough t han t he transi'stor
47 does. 10 The transistor 60 is diode-connected, and has its enitter
connected to the constant current source 59 and its collector - connect ed
to the collector of the transistor 68. 4hé-transistor 62 has its
emtter connected to the constant current source 61, has its collector
connect edtpo thee tayminalo T4 t Kbet okherstend af tige nesisberi 88 bade the
connected to the termnal T5 The resistor 57 has its one end
connect edeMAt¥egh ofhdhe t%ﬁﬁ%%ﬁﬁ?ﬁ)Qir%ﬁ@tCQBnﬁﬁtﬁﬁet@oﬁbﬁaﬁPd@uhﬁﬁﬂﬁeﬂ
source 55, and_has its other end connected to the collector of

tganﬁlstthESChargeﬂﬂ9Q¥£ﬂ§(FE?rﬁpqr%BQ EPﬁrnGSaF§V€oﬁﬁ§E§961t&oﬁh;tT@Wﬁ
t 20 57 t h, 56
to th@°§§ﬁ§ﬁ%§%eeur¥}”ént=°§Bﬁ?%ﬁggég e et s ter Y o Bl seilsper
i d 7 . '

Iczl F(ejg ec%i i%hggfqr %ﬁ%l gt é%eé r%?clhe col ec}tM(g’ragéF %?%mﬁc%?gnt&:bgt or %ei s
connectedghggb %%rﬁbﬁﬁéd c&ﬂgtéﬂ%tGﬂfPQntzéo&fééqéé ad ¢ fﬂhtput of

confi gure e turn en It recelves he overchar ge
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t he node between the collectors of the transistors 42 and 44, and t
base current from flowing through,the transistor 81 of the charge
control FET control circuit 104 into the negative ferminal 106 in

10 abnormal condition. Accordingly, the charge control FET control
circuit 104 can be omitted if the output of the OR eircuit 29 of
the delay setting circuit 2 is supplied directly, i.e. simply
threugh an inverter or the 1like, to the gate of the charge
control FET 103.

15 -In the above-described embodiment, when a short circuit
occurs in the chip'capacitor 109, the wvoltage at the inverting
input terminal (-) of the second comparator 22, in the case of
.Fig. 1, or the base voltage of the transistor 62, in the case of
Fig. 2, becomes equal to the ground level. Accordingly,.in such

20 a situation, the charge inhibition signal appears unconditional-
1y, ‘even if the overcharge detection signal is absent. That is,
once the chip capacitor 109 is short-circuited, it is no longer |
possible to charge the lithium-ion cells 101 and 102 even if they
have not reached an overcharged state yet, nor is'it possible to

25 supply power to the load. Accordingly, such a sonstitution,_on '
‘the one hand, helps achieve effective.precautibn against abnormal
condition, i.e. a short circuit in the chip capacitor 109 in this

case, but, on the other hand, harms the operability of the power



-13-¢ of the transistor 64 is connected to the node between the
collectors of the transistors 47 and 49. The collectors of the
transistors 63 and 64 are both connected through the resistor 65,

whi eh serves as a |load common to the two transistors, to the 5 const ant
vol tage source 66. The emtters of the #1Ansistors 63 and 64 are
connected to the collector of the transistor 68. The transi stor 67 has
its emittspppd¥namidd as shahodest anThisl imgenvenignge,e oweves, | can be
col l-ector connected to the termnal T4, and has its base connected to
t he node Eelde¥rd: B¥ @@§$§%Bﬁt$‘39ame EUUBHE“'CW‘P ek prgtagidan sigicddr s
63 and 64, a result of the above-described interconnection, the
del ay set??ﬂgaﬁlﬁeaﬁpwf havi ng the function of detecting a short

h ol
Vol tage at t hoTAEORBeRENecEB MRS EA0 681 4 Pt Erdyeaie 19 P derage
2 U neg! e83340D:a%118 VRl nlenllin SHEdl LRI cirdtliio i 2503 egz

not recelve over char ge I On ‘si gnal Ing Ccircul

remains o %chaﬂﬂchﬁeéﬂﬂééﬂ“fﬂlCEH?“éeégEtlngrﬁﬂ%hﬂéro%-éﬁa cégn%e ' ig

provi ded that the chip capacitor 109 15 short-circul base
vol t age OthHécEéan%é@ﬁexﬂ%h@%é@i?f%h”%h@' nefdd v Vf:@frﬁinafé‘dlbbe a"ﬂ%se
vol tage of the transistor 2 equals V[err] + V[err]. Thus,
transi stoL083 semai Baretht airbbftmn delteertimgn&ircid thase \Folrt w&:&c&&nt_;he
transistors 60 and 62 both

the direction of the current flowing between the positive and

10 negative terminals 105 and 106. ' This enables the lithium-ion
cell protection circuit 110 to recognize whether the lithium-ion
cells 101 and 102 are in the process Qf being dharged or of
discharging, and thus makes it possible to activate the_over-
charge detection-circuit 1 énd fhe delay setting circuit 2 of the

15 1ithium-ioh cell protection circuif 110 only when the lithium-ion

| cells 101 and 102 are in the process of being charged. As a
resulf, as long as the lithium-ion cells 101 and 102 are in.the
process of dischaiging, even if the.chip capacitor 109 is short—
circuited, the charge inhibition signal.never appears, and thus

20 it is poséible to supply.powér to the load.

Alternatively, the lithium~ion cell protection circuit 110

may be so configured that, in the case of Fig. 1, the second

- comparator 22 is driven by a voltage derived from the output of 
the OR circuit 15 of the overéharge detection circuit 1; or, in

25 the case of Fig. 2, the conétant current source 50 is turned on
by the overcharge detection signal (i.e. the high levél'output of
the OR circuit 15).' This makes it possible to keep the second

comparator 22 deactivated as long as the OR circuit 15 does not



équar V[err], and the base voltages of the transistors 46 and 47 are
equal . However, since nore current flows through the transistor 25 46 than

through the transistor 47, the transistor 64 renmains off. Thus, since
both of the transistors 63 and 64 remain off, the ‘transistor 67 remains
of f, and accordingly the charge inhibit+Db8- signal is not outputted
(i.e. no current is supplied to the

- 14- ouspuitnad Tigh TRewells, wihat tAs,dehay lsuig | A§ ctheuiovercheayge
not receive the overcharge detectlon signal, it never outputs the '
char ge i nBpBPEtdANS| sg:ﬁgpal prigyi abgentat the &eqendpsemparatoy 22 nevexot
short-circuited. Wien the delay setting circuit 2 receives the

oxer char g@“tpﬁtﬁef’e&‘-%‘n levedal anch&beramsigtor & faspever: Huragdn-and
t t t 56 d off. A di
58€ib s tuE\f{’r\%dgollf? £ho Fven e chlporargey 6 LRttt Biaiees, % i
62 t { t .
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passes, thgaral b2osvarchazgele chip
As described above, the 1'i_1:hium¥ion cell protection circuit
oﬁ the embodiment can, on detecting overcharge, stdp the charging
10 of the lithium-ion cells and thus protéct them. from overchargé,
not only when the chip capacitér 109; which sérves as a capaci-
tance element for securing a delay before the generation of the
overcharge detection signal, is not short-~circuited, that is,
when it is in normal condition, bﬁt also when the chip capacitor
15 109 is short-circuited for ‘some’ reason. Accordingly, = the
1ithium-ion cell protection circuit of the embodiment helps make

the power suppiy unit safer to use.

Industrial applicability
20 As described heretofore, according to the present invention,

- a batterytprotection circuit, despite using a capacitance element
to produce a delay affer the detection of overcharge of batteries
before the inhibition of charging, cah, on detecting overcharge,
inhibit charging even if the capacitance element is short--

25 circuited. Accordingly, the battery protecfion.circuit is useful
as a battery protection circuit for protecting batteries from
overcharge; in particular, it is suitable as-a battery protection

circuit in which erroneocus detection of overcharge due to



15 capacitor 109 rises.” Wien this voltage exceeds the voltage V[err] +

VD and the base voltage of the transistor 41 exceeds that of the
“transistor 42, the transistor 63 is turned on, and thus the transi stor
67 is turned on and -outputs the charge inhibition signal. That is, in
response to the overcharge detection sil$ral, 20 the delay setting circuit
2 outputs the charge inhibition signal Wi th a predeterm ned del ay
t[err] (ekxterhak @vises]needfecte] bevmaneeledrr] represents the current
supplied fromthe constant current source 51). Note that, in this case,
since the voltage at the chip capacitor 109 is shifted up to VD, the
transi stor 64 remains off throughout. 25 By contrast, if the chip
capacitor 109 is short-circuited, t he base voltage of the transistor 60
equals V[err], but the base voltage of the transistor 62, that is, the
voltage at the chip capacitor 109 is fixed at the ground | evel.

Accordi ngly, the transistor 64 is turned on, and thus the
transi stor 67 is also turned on and outputs the charge inhibition
signal. That is, in response to the overcharge detectian signal, the
del ay setting circuit 2 inmmedi ately outputs the charge inhibition
signal . 5 without a del ay. Note that, in this case;, the transistor 63
remai ns of f throughout. Note also that this circuit is so



' conflgured that’"even'"ﬁough FBFE—current fl ows through the transi stor

46 than through the transistor 64 is turned on when
t he base vol tagej i‘m g mu 60 equals V[err] 10 and the base
vol tage of the t SlkcS

or b2 SS*cIose to the ground | evel . In
Fig. 2, the delay-setting circuit 2 hawi2@g the function of detecting a
short circuit in the capacitance elenent is iIlustrated as having only
one di ode-connected transistor 68. 1SLAEMSver, the delay setting circuit 2
may be provi ded mnth nor e t han one. di ode- connected transistor, or the
di ode- connect trha?i'é?%’fibr F%E/tjcfénre‘b’r’éfé‘éﬁtw?lhaﬁr dieRle dptecting

resi stor. Mor eove del ay settin ClrﬁUIt 2 nma used in a

[ hi U OVerqhATER|GE a Miktiaty SSRUTES 8 GEN8Y! DcUpLaPE o reRadl fance
over cur 1 Semert 2%#3 ”?%ﬂ*(i@?%w%a | Bde Gl QR e HaeleY, Miretetngs o)
cireul 104 ' ?9‘ O&egéo]:ﬁné%nan §l¥ 5?&9&\.\?\:“1&1th@escfégéltgr%::e 83,

and 84, and a cons source ese conponents are
|ntercon@qgﬁgh S 25 follows. The transistor 81 has its base connected to
t he node bet'ween the serially-connected resistors 82 and 83, and has

its col | egirNNeKdLgind 898hENBateer§t A hHiBitteR e atshort
vol tage source 85. The other end of the resistor 82 is connected

circuit is detected in the capacitance element.

10 : 2. A battery protecticn circuit as claimed in .c]..aim 1,
further comprising: |
means for applying a predetermined voltage to the capaci-
tance element,
means for detecting a voltage at the capacitance element;
15 and
means for inhibiting charging of +the battery when the
voltage at the capacitance element drops be]_.ow the predetermined

~ voltage.

20 3. A battery protection circuit as claimed in claim 1,

further comprising:
an offset setting circuit for app]_.ying. a predetermined

voltage V, to the cacacitance element when overcharge is not
detected;

25 a capacitance element charging circuit for supplying the
capacitance element with a predetermined current when overcharge
is 'detected;.

first and second comparators that output a high level when



-16-° to the termnal T4. The other end of the resistor 83 and the
emtter of the connected to the node between t he '
charge control Mﬂlﬁﬂﬂ muﬂlﬂ\mmegatlve term nal 106. The node bet ween
the collector of thé ttankistor 81 and the resistor 5 84 is connected to
the gate of the charge control FET 103.-Zhe pur pose of using the
constant current source 30 as the output of the delay setting circuit 2
i s to predeNOl&Agsbrk nhedrhifdrst input cherninalf esgesdst 1o ovohtage at
transi stor. 81 of the_charge control EET control circuit 104 into the

negative FRei¥nEecend ipputotermipadr eBAditi on. Accordingly, the char ge
control FET contr8l ) ci_rcu'th 104 can be g i‘ti h e out, of the OR
circuit 29 of @» ORhgigepiy Bt R BtBPFﬁuPt 2905 8YFpI Mag™dPt Fy?f the
sinmply .Lhrou an inverter or. the |i (o] a t he charge
control Ib' 584 geconé ﬁmPﬁgagﬁﬁeoHEgBFFbgdHgﬁ%ogﬂ@ t, when a short

Pi rcui erm nalvﬁl?é?eig ttﬂe 9‘.'15:%1: ar ai'tcé:(r)grze;&%v Itg\gel,gé %Egs{:nig u!tng

I nput sécond co ‘he” caseé o

or Lhe DIEEAHMARIS thle (B EIGETkE! Unedlopbdct indSE1bhent o] 2t its

becones he ground [evel. Accordi I n suc a si tuatlon

the char %eé@ﬂd bi Ap@f &ﬁﬁtﬁﬁaﬁP@iﬁ%&éﬁ&ﬂﬂJﬂé@Wltage vl Y arl ¢hel EebBﬁd
overcharge detection signal is absent. That is, once the chip capacitor

109 is sheohmpsratorttsbeivess éiﬂﬂt@ngﬂi‘st inPoes stermingl cfaapgedéharmined
lithiumion cells 101 and 102 even if they
voltage V; and, at its second input terminal, the voltage at the
10 capacitance element, the predetermined voltages having a relation
V., > VvV, > V;, and
wherein charging of the battery is inhibit,éd-by a high level

output from the OR circuit.

15 4. A battery protection circuit as claimed in claim 3,
wherein the offset setting circuit is realized by connecting
the capacitance element to a node between a constant current

source and a diode.

20 5. A battery protection gii‘cuit as claimed in claim 3,
wherein the offset setting circuit is realized by connecting
the capacitance e_lement to a node between a constant current

source and a diode.

25 6. A battery protection circuit for protecting a recharge-
able battery from o{rercharge, comprising:
first and second terminals to which a dharger is connected;

switching means whose one end is connected to one end of the



have® not reached an overcharged state yet, nor is it possible to 25 supply

power to the | oad. _ I & h a constitution, on t he one hand,
hel ps achi eve effeummm'l m Hmlﬂl agai nst abnor nal condition, i.e. a
short circuit in thé chip‘cdpaditdér 109 in this case, but, on the other
hand, harms the operability of the powe-r22- ,

-17- Egly unit as a whole. Thi s i nconveni ence, however, can be '
relieved B9 t?@@tWh@P@k@¢h¢¥kﬁﬁﬂnﬂﬁn?qnﬂqcﬁﬁiﬁ@%ﬂﬂﬁhS@FP@dlFermin§10 as
foll ows. - or exang é:h,as shown in Fig. 3, it is possible to

h

addi ti on-the é?tfl}?rpr 8rAd § t Rptikeryn Relng proreeated ctecdihe 1£drqitt h

- a nechanlcal swtch 111 for detecting whether a charger 400 is
connect edBERIRRL? the positive and negative terminals 105 and 106, or a

d 12 f he d
The current 1| BWAR} SSECIbNCEREUbbSi T1e0 SHALE360n AaFPIE2DE, AR 188%and

106. Thi s, V\ﬁg%gru% ds] +¢L§€'a‘i{“dx}£}char % et@’fg:%.%ﬁ &'%5.%' r%th 3@%::1:8:—.\:: g

recogni ze ium1on are € Pprocess
of being £%aé&€gc€éd9f' di schargi ng, and t hus makes it p033| ble to
activate the over- charge detection circuit 1 and the delay setting

cirouit 2 of theaelay! Cilcult HaviHlg o' GHRtiBihcd "ElbherdOsoh! Hetbiginghe

output of the ove:charge detection signal;
voltage applying means for applying a first predetermined

10 voltage to the capacitance element when the overcharge detéction |

'signal is absent;

current supplying means for supplying a predetermined
current to the capacitance element'when the overcharge‘deteqtion
signal is present;

15- - first means for turning off the switching means when a
voltage at the capacitance ' element is higher than a second
predetermined voltége that is higher than the first predetermined
voltage; and

second means for turning off the switching means when the

20 overcharge detection' signal is present and in’ addition; the
voltage at the capacitance element is lower thén a- third
predetermined voltage that is 1owef than the first predetermined

voltage.



cells 101 and 102 are in"the ‘process of being charged. As a result, as

long as the lithiumion cells 101 and 102 are in the process of

di scharging, even if the chip capacitor 109 is short- circuited, the
charge inhibition signal never appears, and thus 20 it is possible to
'supply power to the | oad. Al terddtively, the lithiumion cell
protection circuit 110 may be so configured that, in the case of Fig.
1, the second’ conparator 22 is dﬂ“ﬁ@ﬁugyra vol tage derived fromthe

out put of _tthgR circuit 15 of th ovgrc arge detection circguit 1, or,
in 25 the case EeFY PTAIRETIMt GhTCREF BRS aftireeesghazde urRtgceshion

b h h ction signal (i.e. the high | t of h
Ok ci rcul LEagL o At edecte” Buetbnires etp Y ned¥Benta Y R nphPEPE
22 deaCtl¥Rﬁfg‘ﬁf ﬁPBQréﬁikh%hQ% mdﬁ%ﬂtoJé} éKES'%eFecFed inh?ﬂﬁegt a
hi gh | evel. That i S, as long 4s the overchar etectroh signal Ts

absents { bRasErAqdul BPA' Bielay’ brdiiRieg by ' BiSScPned LeRbnyaNdrhle

transistor 64 1s " never turned’on. resul't, even if the chip
capaci t Or ch#r§80lintainitlidredcitéul s canPOsetdte B0 shs¥rgech beuliitt iaimehan
cells 101 and 102 or let them di scharge, unless the lithiumion cells

101 and l@#p&¢etaficé element that is used to produce a predetermined
delay, and, when it detects a short cirCuit'in the.capacitance
element, it ihhibits charging without delay. Thus, since

10 charging is inhibited even when the capacitance element is éhort-
circuited, a power supply. unit incorporating this battery

protection circuit is safer to use.



stat-e of overcharge. : " As described above, the lithiumion cel
protection circuit of the enbodi nent can, on detecting overcharge, stop
the charging 10 of the lithiumion cellss and thus protect them from

over char ge, not only when the chip capacitor 109, which serves as a
capaci - tance el enent for securing a delay before the generation of the
overcharge detection signal, is not short-circuited, that is, . when it
is in normal condition, but also when the chip capacitor 15 109 is
short-circuited for sonme reason. Accordingly, the l'ithiumion cel
-protection circuif: th4 enbodi nent hel ps make ‘t he power supply unit
safer to use. ndustrial applicability 20 As descri bed
heret of ore, according to the present invention, a battery ot ection
circuit, despite using a capacitance elenent to produce _ﬁ | ay after
the detection of o charge ol batterres ;fore tne 1nni pitijon of

chargi ng, can, on etectlngrevepehaﬁge-——-— + t Bt —erar-gi-p nif the
capaci tance el enen . rcuited. Accordingly, the battery
“protection cjrczbq f4 r--a_-aJmﬂJngL4u£u£cLLon(ﬂrxmgt f or
protecti.ng batten 1 1overkhprge; 14N particul ar, :lt is suitable as
a battery protect c{rcdit i erroneous deteﬁkgon of

I
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ext ernal noi ses needs to be tancel ed.

_-20- - CLAI M5 1. A battery
protection circuit that, on detecting overcharge of a battery, secures
a delay by use of a capacitance el ement before inhibiting charging of
the battery, conprising: 5 means for detecting a short circuit in

t he capacitance el enent wherein charging of the battery is

i nhi bi ted when a short circuit.- is detected in the capacitance el ement.
10 2. A battery protection circuit as clained in claim1,

further conpri sing: _ means for applying a predeterm ned voltage to
t he capaci - tance el enent; nmeans for detecting a voltage at

t he capacitance el enent; 15 and ‘means for inhibiting charging of
the battery when the vol tage at the capacitance el enment drops bel ow the
pr edet er m ned o '

™

O—T4

T5
109

——

gﬁ
]
K~
s
_ﬁl: |

OVERCHARGE DETECTION SIGNAL
SN

FIG. 2



vol trage. 20 3. " A battery protection circuit as clained in claim

1, further conprising: an of fset setting circuit for applying
‘a. predeterm ned voltage V2 to the capacitance el enent when overcharge
is not = detected; 25 a capacitance elenment charging circuit for
suppl ying -t he capaci tance elenment with a predeterm ned current when
over char ge i s detected,; first and second conpar ators t hat
out put a high | evel when -21-

a voltage at their first input term nal exceeds a voltage at their
second i nput g# and an OR circuit that outputs a high

| evel mhen eJ%iE? t he - first and second conparators outputs a high
| evel , - wherein the first conparator receives, at its first input
term nal, the vol tage at the capacitance el enent and, at its second.

input termnal, a predetermned voltage V[err], and the second
conparator receives, at its first input termnal, a predjbgrnined

voltage V3 and, at its second input termnal, the voltag t the
+
- | 1(10
. | - ]
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—— 107 11
IV
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B e i T T
ki
' SWpe—{ CHARGER
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103 3§
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10 ~capaci tance el enent ,” t he predeterm ned vol tages having a rel ation V1
.> V2 > V3, and wherein charging of the battery is inhibited by a

hi gh | evel output fromthe OR circuit. 15 4, A battery
protection circuit as clainmed in claim 3, wherein the of fset
setting circuit is realized by connecting t he capacitance elenent to a
node between a constant current source and a diode. =~ 20 5. A
battery protection circuit as clainmed in claim 3, wherein the
offset setting circuit is realized by connecting t he capacitance
elenent to a node between a constant current source and a di ode. - 25
. A batgﬁlgg tection circuit for protectlng a recharge- abl e
battery fr har ge, conpri sing: first and second termnals
~to which a charger i's connected, swi t chi ng neans whose one end is
connected to one end of the -22-

battery and whose other end is connected to the second t r¥ﬁ nal ,
7 " [rem————— - 2.. Q_Q. _________ _; ' .
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Twos 1 | y 15
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th® other end of the battery being connected to the first
a detection circuit that nonitors a voltage across the
out put an overcharge detection signal when overcharge

a delay circuit having a capacitance el enent for delaying out put of the
overcharge detection signal; . vol tage appl ying neans for applying a
first predetermined 10 voltage to the capacitance el enent when the

over charge detection ~signal is absent; current supplying neans
for supplying a predeterm ned - current to the capacitance el enent when

t he overcharge detection signal is present; 15 first neans for
turning off the switching neans when a voltage at the capacitance

el enent is higher than a second predet erm ned vol tage that is higher
than the first predeterm ned vol t age; and second means for
turning off the swi tching neans when the 20 ection signa

t er m nal
5 battery to
is detected;

FIG. 5

Ea

is present and in addition the vol the capacitange elenent is .
| ower than-a third erm ned han the first
pr edet er m ned .vol t @ge.
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