SPECI EI CATI ON POAER SUPPLY UNI'T 5 Technical field The
present invention relates to a power supply unit that . detects

overdi scharge and overcurrent of batteries such as lithiumion cells
used as a power source and thereby prevents overdi scharge and
overcurrent discharge of .the batteries. 410 Background art A
power supply unit that uses batteries as ‘a power source is usual |y

provided with a protection |IC (i ntesgeteecoriow t) . call ed a power
source nonitoring IC, to stabilize the operation 15 of the unit. The

protection achieved by this |IC includes protec- tion agai nst
overdi scharge and overcurrent, and such protection requires the use of
del ay ci rggiigr ¢@peLy notnet e external noi ses. A bl ock di agram of

the principal portions of a conventi onal power supply unit that uses
batteries (such a power supply unit 20 is also referred to as a "battery
pack") is shown in Fig. 7. In Fig. 7, nuneral 1 represents a power
sour ces cofeclmical ofiehd or .

The preSenf invention relates to a power supply unit that
detects overdischarge and overcurrent of batteries such as
lithium-ion cells used as a power source and thereby prevents
overdischarge and overcurrent discharge of the batteries.

10
Background art

A power supply unit that uses batteries as a power source is
usually provided with a protection IC (integrated circuit),
called a power source monitoring IC, to. stabilize the operation

15 of the unit. The protection achieved by this IC includes protec-
tion agaihst overdischarge and overcurrent, and such protection
requires the use of delay circuits to eliminate external noises.

A block diagram of the principal portions of a conventional
power supply unit that uses batteries (such a power supply unit

20 is also referred to as a "'battery pack") is shown in Fig. 7. 1In
Fig. 7, numeral 1 represents a power source consisting of one or
more batteries (lithium-ion cells), numeral 2 represents a
discharge control FET (field-effect transistor), numeral 3
represents an FET control circuit, numeral 5 represents a first

25 delay circuit, numeral 7 represents a second .delay circuit,
numeral 8 represents an OR circuit, numeral 9 represents a
positive output terminal, numeral 10 represents a negative output

terminal, and numeral 11 represents an external load connected to



nore batteries (lithiumion cells), nuneral 2 represents a di schar ge
control FET (field-effect transistor), nuneral 3 represents an FET
control circuit, nunmeral 5 represents a first 25 delay circuit, nunera
7 vepresents a second delay circuit, -~ nuneral 8 represents an CR
circuit, nunmeral 9 represents a pQsitive output termnal, nuneral 10
represents a negative out put termnal, and nuneral 11 represents an

ext er nal thga%eeﬂ.&agqffg@ ed 10. - 2-

the termnals 9 an Nuneral 4 represents a power source
nonitoring ci hewielral 4 kepricsenhtys td potefpa®irte honitereayi ngircuit,
overdi scharge. This circuit 4 nonitors the voltage of the power source
1, and, weenized hdith/ @ taoeparapsr pefow depestiénhgr pvesdisghange.\V[ Fhds it
out put s a high level. This output is fed through the first del ay
circuit circhitt Hamond toms the dwiltags of ghel@awen mapyQshghih and s iwhemrs,
to the ORcircuit 8. In response, the OR circuit 8 outputs, an OFF

si gnals t &haite vPEtagendrepscbeiart a Predeteypine® v Qhtage oerputs oUbpPuLs

high level). On i ving the OFF signal, th
Lurns of @ Phgnahevhir o TRER POPTERS Eoh thrPLohahe TLEPh AT CERmE 1

I s protected_ against overdi schar
P ’ tha% is, wgth a 35{5y§§¥ a predetermined length of time Tl, to

the OR circuit 8. In response, the OR circuit 8 outputs an OFF
signal to the FET control circuit 3 (i.e. the OR circuit outputs
10 a high level). On receiving the OFF éignal, the FET control
circuit 3 turns off the discharge control FET 2. In this way,
the power source 1 is protected against overdischarge.
Numeral 6 represents a power source monitoring circuit for
detecting overcurrent. This circuit 6 monitors the current
15 flowing out of the power source 1 by monitoring the wvoltage
appearing across the ON resistance of the discharge contfol FET
2, and, when that voltage exceeds a predetermined voltage V..,
it outputs a high level. This output is fed through the secdnd
delay circuit 7, that is, with a delay of a predetermined length
20 of time T2, to the OR circuit 8. In response, the OR circuit 8
outputs -an OFF signal to the FET control circuit 3 (i.e. the OR
Qircuit outputs a high level). 'On receiving the OFF signal, the
FET control circuit 3 turns off the discharge control FET 2. 1In
this way, the power source 1 is protected against overcurrent
25 discharge.
In case of overcurrent, however, the internal impedance of
the power source 1 varies in such a way that.the-voltage of the

power source 1 lowers, with the result that the power source 1 is



Nurrer al 6 represents a power source nonitoring circuit for detecting

overcurrent. This circuit 6 nonitors the current 15 flow ng out of the
power source 1 by nonitoring the voltage appearing across the ON
resi stance of the discharge control FET 2, and, when that voltage
exceeds a predeterm ned voltage V[err] L.t outputs a high level. This
output is fed through the second déﬁay circuit 7, that is, mﬁth a

del ay of e@rﬁﬁ%%%tsaync_ﬂ@&g%&n%h b 01l tHdBsfdte! B r@v&%fécﬁ’%’f e8. Iy

response, out puts an OFF signal to the FE control

circuit Brblefit ISR the deilagUitin®itPut $na tHheiRye! deldP eseeuwtn@the
OFF signal, the 'FET control circuit 3 turns off the di scharge contro

FET 2. | feeds tbhbé #8¥,16HgePpOotivdn Sty Gelby Timeoracindthgaiewind delay
overcurrent 25 discharge. In case of overcurrent, however, the
I nt er nal citeadan@e of t he power source 1 varies in such a way that the

vol tage of the power source 1 lowers, with the result that the power
sourcd 1 is As described above, according to the priog- art, d&hepishay y

judged to be in the state of overdischarge. revent this, the

del ay ti vdmel for towerdischgrsgay detteeiions and mdgefeyb*éi%t fpghgBre%-han

the delay tinme T2 in the second del ay circuit 7.
current detection need to be set differently, and therefore it is

necessary to provide two separate delay circuits for overdis-
charge detection and for overcurrent detection with extra cost.
10 Moreover, _since delay circuits  include capacitors as their
circuit elements, the prior art, which requires the use of two
delay circuits, inevitably requires larger areas for the IC chip
and for the circuit board on which to mount the IC chip. This
leads to limitations on the size of batteries that can be used,

15 and thus to the reduction of the capacity of the power source.
In addition, variations of the constants of capécitors or
other components from unit to unit result in variations of the
delay times, and therefore, in the worst case, the rélationship
between the delay times of thé two delay circuits may even be
20 reversed. In such a case, it is impossible to detect overdis-

charge and overcurrent correctly.

Disclosure of the invéntion
According to the presenf invention, a power supply unit
25- having a power source consisting of batteries, an overdischarge
detection circuit for detecting overdischarge éf the power
source, and an overcurrent detection circuit for detecting

overcurrent is characterized by the provision of a wvariable-



5 . As described above, according to the prior art, the del ay tinme

for® overdi scharge detection and the delay tinme for over- current
detectjon need to be set differently, and therefore it is necessary to
provi de two separate delay circuits for overdis- charge detection and

for overcurrent detection with extra cos

( \ _ )st. 10 Moreover, since del ay
circuits include capacitors as their circuit elenents, the prior art,

whi ch requi.res . t.he Qf tJ . . [ i . ] ' j

A1 oh " SRS R W s L Y B MK TR TS e
mount { NRdead tP tnllibYeraisbhiddte! AetbBtish! Olifodit dif X Mol A es
t hat can be used, 5 ang thus t0 the reduction of the capacity of the

pover SoeGRction circuit addipreQ@nty@hbdki ONsceitd herswnsdialy scivated
capacitors or ot her conponents fromunit to unit result in variations

of the errdfledudlyasy atbihel aieises) N the worst case, the relationship
bet ween the delay tinmes of the two delay circuits may even be 20 reversed.
In sugh a case, it is inpossible to detect overdis- charge and
overcurrent correctly. Di scl osure of the invention

Accor di n@rief Megrwiption mvEdyawings power supply unit 25 having a power
source consisting of batteries, an overdischarge detection circujt for
det ecti ng overfiScHark® dfPIeRk pbiggram of &) RAwer SWPRLY dpdrc @Radying
detection circuit for, detecting overcurrent is characterized by the

provi si orFR5t RESRFGptprention;

Fig. 2 is a circuit diagram showing an example of the

10 -construction of the delay circuit used in the power supply unit
of the invention;

-Fig. 3 is a circuit diagram showing a part of a médified
example of the construction of the delay circuit shown in Fig. 2;

Fig. 4 is a diagram for explaining the difference between

15 the delay times for overdischarge detection and overcurrent
detection;

Fig. 5 is a circuit diagram showing an example of the
construction of the power source monitoring circuit used in the
power supbly'unit of the invention;

20 Fig. 6 is a circuit diagram showing another example of the
construction of the power source mohitoring circuit used in the_
power supply unit of the ihvention; and |

Fig. 7 is a block diagram of a conventional power supply
unit.

25
Best mode for carrying out the invention

Hereinafter, embodiments of the present invention will be

described with reference to the drawings. Fig. 1 is a block



-4- delay-tinme delay circuit used as delay circuits that need to be
added to the overdi scharge detection circuit and the overcurrent
detection circuit to prevent those circuits from being activated

erroneously by external noises. 5 Brief description of draw ngs
Fig. 1 is a block diagramof a power su_%ql y unit enbodyi ng t he present
I nventi on; Fig. 2 is a circuit “di agram showi ng an exanpl e of the

10 constryuction of th el aysci | t ﬂfﬁﬁg [t pawe pl ' i of
the inve a(%r;ar?n of %hg F%}Séiﬁggia cir cu‘ﬁb dira%gr %m gﬁ%\%\nengggﬂ%{é%t %?lg
modl 11 ed oo AR the prel@ntOBRVEHELLAN NotdSHidt ALEIFIGH I shaMIni Bnéi 0
2; . g.- 4 Is a diagramfor explaining the difference between 15
the del ayediivBiei d@raonsy i, Ieudsl echpoheatd ascazsr £60hd alsodghethéeon;

Fig. 5is acircult diagramshow ng an exanple of the construction of
the powerp Sy CEr€Dshdw | 1Yy Kig cW tazs eiientificed witlpoviee samel gesihghasef
the invention; 20 Fig. 6 is a circuit diagram show ng anot her

exanpl® afidde, and overlapping explanations will be omitted.

" The FET control circuit 3 receives the output of the delay
circuit 101. When the delay circuit 101 does not yield an output
(i.e. when it outputs a low level), the FET control circuit 3.
turns on the discharge control FET 2. When the delay circuit 101

10 outputs an OFF signal (i.e. when it outputs a high level), the
FET control circuit 3 turns off the discharge control FET 2.

The delay circuit 101 is designed to be switchable between
two delay times T1 and T2 (T1 > T2), and receivés, as its first
input signal S,, the output of the OR circuit 8 and, as its

15 second input signal S,, the output of the second power source
monitoring circuit 6. While the first input signal S; is low,
the delay circuit 101 remains inactive and outputs a.low level.
Adcordingly, in normal condition, that is, as long as no overdis-
charge or overcurrent is detected by the first or second power

20 source monitoring circuit 4 or 6, the discharge FET 2 is kept on
to drive the external load 11.

When the first input signal S, becomes high, the delay
circuit 101 raises its output to a high level at the end of the
delay time selected in accordance with the state of the second

25 input signal 8S,. Specifically, as long as no overcurrent is
detected, the second input signal S, remains 1ow,'and the delay
time Tl is selected; by cbntrast, when overcurrent is detected,

the second input signal S, becomes high, and the delay time T2 is



construction of the power source nonitoring circuit used in the power
supply unit of the invention; and Fig. 7 is a block diagramof a
conventi onal power supply unit. 25 Best node for carrying out

t he i nvention Herei nafter, enbodi nents of the present invention

w il be described with reference tg the draw ngs. Fig. 1 is a block
-5- di agram of the principal portions of a power supply unit

enbodyi ng gt I%%t%rdesent invention. Note that, in Fig. 1 and in the

foll owi ng d’escrl ptions, such conponents as are found also in the pri or

art shown in Ridpor@ddly Jephbhi ed thiek diereaiEndlgd 962- overdud®ntants
over | appi ng explanations will be omtted. The FET control circuit

3 recei veetdia it RiHe afisdhardel avntrolCFETUR tid Gurndeofithatdeheyendrofi t
101 does not yield an out put (i.e. when it outputs a low level), the

FET cont rfHe cheteit €ime Tiuros aref hendi sthareey cdite obvEEdi2chdlrge tor
delay circuit 101 10 outputs an OFF signal (i.e. when it outputs a high

| evel )5 tdvercurreil tenstoppedrcuin 3dddtionef Singe dihsciglqy colte of OFET
2.
overdischarge detection is set longer than the delay time for

overcurrent detection, overdischarge and overcurrent can be
détected correctly.
Fig. 2 shows an example of the construction of the delay
10 circuit 101. In Fig. 2, numeral 21 represents a first input
terminal; numeral 22 represents a second input terminal; CC1,
CC2, CC3, and CC4 represent constant current sources that'
respectively outpuf currents Il1, 12, 13, and I4 (I3 > I4); Q1,
02, and Q6 represent pnp-type transistors; Q3, Q4, and Q5
15 represént npn-type transistors; SWl, SW2, énd SW3 represent
switching circuits; KSW represents a selecting circuit; R1 and R2
represent-resistors; C represents a capacitor; and CV represents
a constant voltage source. | |
The fransistors Q1 and Q2 form a differential pair, with
20 their emitters connected through the switching circuit SW2 to the
constant cufrent source CC2. The base of the transistor Q1 is
connected to the node a, which is connected, on the one hand,
through the switching circuit SW1l to the constant current source
CCl and, on the other hand, to the capacitor C. The other end of
25 the capaCitor  C is connected to ground. The base of the
transistor Q2 is connected to fhe node b, which is connected, on
the one hand, through the switching circuit SW3 and the selecting

circuit KSW to two constant current circuits CC3 and CC4 and, on



The delay circuit 101 is designed to be sw tchabl e between 'tvvo del ay

tinmes T1 and T2 (T1 > T2), and receives, as its first I nput si gnal
S[err], the output of the ORcircuit 8 and, as its 15 second i nput signal
Slerr], the output of the second power source nonitoring circuit 6.
Wiile the first input signal Serr] is I,Pw the delay circuit 101
remgl ns inactive and out puts a | ow | evel”. Accordingly, in normnal
condition, tha on c e Y% r pent

det ect ed %h?ﬂ c{r % po%(rgg‘g%’rsour ce hrr@ﬁf?t 8??%13 grrﬁgu% tﬂé

t he di scharae F T 2 he e lRad 11
When therﬁsa' :%npuf‘L Sl gnz%Tt l.%{Eerr beco%fa‘ﬁll%h ﬁérqﬁhl rlc?rfcutlﬂ%e 101
rai ses 'ttﬁ: Qo 0gf NiOhcLANELL8E e el EBIQ.Q%tor arﬂ?'@é’sé' ¥E the

selected Tn accordance wth the state of the second 25 input signal
Slerr]. +SRAEfdtcoy |3 BRatOBEradBsNasOLRRCUNDRY transistaieiofteedruttent
second input signal S2 remains |ow, and the del ay time T1 is selected,
by com r afivroth@ii@ueleur m dod leetteat ed, the trahsistoond2iigutormemrieed
S[err] becones high, and the delay time T2 is

-6- du) ddteectollector oficthe divamgishprerQ4éi thet serves Rhathpe ortput

overcurrent is detected, the discharge control FET 2 is turned off at
t he end dfransistor of the current mirror circuit. The emitters of the

transistors Q3 and Q4 are connected to Qround. When the
switching circuit SW2 is turned on and thereby the emitters of
10 the transistors Q1 and Q2 are connected to the constant current
source CC2, these transistors Ql and Q2 are activated to operate

as a differential amplifier.
The base of the transistor Q5 is connected to the node ¢
between the collectors of the transistors Q2 and Q4. The
15 collector of the transistor Q5 is connected through the resistor
R2 to the constant voltage source CV. The emitter of the
transistor Q5 is connected to grdund. The base of the transistor
Q06 is connected to the node d between the resistor R2 and the
collector of the transistor Q5, and the emitter of the transistor
20 Q6 is connected to the constant voltage source CV. The collector
of this transistor Q6 serves as the output terminal of the delay
circuit 101. The current flowing out of this collector is
converted into a voltage by a current-to-voltage conversion
circuit (not shown), and is then fed to the FET control circuit
25 3. It is also possible to drive the FET control circuit 3
directly with the output current without using the current-to-
voltage conversion circuit. The transistors Q5 and Q6 and the

resistor R2 constitute an output circuit that is connected to the



the delay tinme T1 or T2, and thereby the overdischarge or 5 overcurrenf

is Stopped. In addition, since the delay tinme for over di schar ge
detection is set longer than the delay tine for ~overcurrent detection,
overdi scharge and overcurrent can be detected correctly. - Fi g.
2 shows an exanple of the construction of the delay 10 circuit 101. In
Fig. 2, numeral 21 represents a first input termnal; nuneral 22

represent second ut termna cC2, CGC3, and CC4A represent
constam:QRﬁi%ﬁﬁ Edﬁ# g@ t%ﬁ?n813¥?5C§%ctlvely output currents 11, 12, 13,

and 14 (13 > | n
0 'l 266 Shioy. o1 Rus o SERLSRR L R eSSl

;ﬁgr esentsn.gnafg\” $ CI%.'n@g s¢i v£al ffe HSWE iSRRG IABLECtERPifaLEURL; abd

epresent resistors; C represents a capacitor; and CV represents

a const argp 4386t 5G816E. The first Mepit aiyrlorsyy Etomnth€lfinst anput
differential pair, with 20 their enitters connected through the sw tching

circuis SYrhmindbe2l is ﬁedstentheusw&tbhsngrcérénﬂtsTaﬂlbaS@ZofanﬁeSW3
transistor QL is connected to the node a, which is connected, on the
one hand,and, whénothle tfiersdwiirghithsignakis, SWeeso tche dotgh akevels r she
sour ce CCl and, on the other hand, to the capacitor C. The other_ end
of 25 tMtapangtmr@utsCsﬁmecﬁ% tasldgﬁugmare urRed Q- oPnt ke other
transistor Q2 is connected to the node ich is conne

one hand, hapdeulhet BECORP: dRPHE §PﬁeﬁﬁtSsvﬁr%ﬂdt?ﬂesﬁﬁ?ﬂﬁ ﬂﬁut "termink]®
22 is fed to the selecting circuit KSW, and this selecting

10 circuit KSW selects the constant current source CC3 when the
second input signal S, is low and seiects the constant current
source CC4 when_%he second iﬁput signal S, is'high.

Although, in the above embodiment, tﬁe overcurrent detection
signal from the second power source monitoring circuit 106 is

15 used as the second input signal S,, it'is also possible to use
the overdischarge detection signal from the first power source
monitoring circuit'104 as the second input signal S,. In this
latter case,_howevef, the selecting circuit KSW needs to select
the constant current source CC4 when the second input signal S,

20 is.low and select the constant current source CC3 when the second

| input signal S; is high.

Having a construction as described above, the delay circuit
101 operates only ﬁhen overdischarge or overcurrent is detected.
Specifically, in such a case, as soon as the base voltage of the

25 transistor Q1 exceeds the base voltage of the transistor Q2, the
output current appears at the collector of the transistor Q6. At
this time, whereas the base voltage of the transistor Q2 riseé

abruptly, the capacitor C causes the base voltage of the



circui-t KSWto two constant current -circuits CC3 and CC4 and, on

-7-7 the other hand, to the resistor RI. The other end of the

resistor Rl is connected to ground. The coll ector of the transi st or
Ql-is connected to the collector and base of the transi stor B that
serves as the input transistor of a currgnt 5 mirror circuit. The

colleptor of thﬁ transistor 2 is connecfed to the collector of the
transi sto t SRLV h rapsgi th i

m rror of FEGHPLoTkE B BP FLeb GrRlbltly, an; 18 EhEE Soyof SMISIONITS o

to ground;g c'¥\§§‘3ehhe ThisS\Ud1&y RAnfd 'ddfl tbSWhai fed Ubjedaspingdthie balye
the emtters o 10 the transistors QL and Q2 are connected to the constant

current ¢o1884eC8£CeRe thaneiktamspators QL and Q2 are activated to
oper at e as a differential anplifier. The base of the

transi stor 6 NewGoleectkd tasiswamumief the rbsiatonr Rhebed®l ectlivan ofthene
transistors @ and 4. The 15 collector of the transistor b is
connecsedbabeough thlge . odsitbeotransiRzoroQ2hdscéiskaRl Whiehagyerdischazge
The emtter of the transi st or I's connected to ground. The base of
the transist detectedh jan@ohfiedSed4 0%t Ré @R PYREGWETERhelfedadissted

and t he coll ector of the transistor ,_and the em,tter t.he
transi st opince I3 > I4, the base voltagéxzf the transistor 85 is higher

when overdischarge is detected than when overcurrent is detected,
and accordingly the delay time for overdischarge detection is

10 longer than the delay time for ovgrcurrent detection. Fig. 4
‘shows the difference between the delay times for overdischarge
detection and overcurrent detection. In Fig. 4, t, indicates the
time point when overdischarge or overcurrent is detected, T2
represents the delaﬁ time that is created when overcurrent is

15 detected, and Tl represents the delay time that is created when
overdischarge is detected.

Even if the capacitance of the capacitor C varies from unit
to unit, the delay times for overdischarge and overcurrent vary
in the same direction. Accordingly, the relationship between the

20 +two delay times never happens to be reversed, and thus it is '
possible to detect overdischarge and overcurrent correctly.

For example, in the embodiment under discussion, in which
one lithium-ion cell (voltage =# 3.6 V per cell) is connected,
I4 x Rl is set to 2.3 V and I3 x Rl is set to 3.5 V,. so that T1

25 is longer than T2 by approximately 10 ms.

The present invention is applicable not only to an embodi-

ment as described above, but als§ to a lithium-ion cell power

supply unit in which a charge control FET is inserted between the



20.Q6 ts connected to the constant voltage source CV. The collector of
this transistor (@ serves as the output termnal of the delay circuit
10L., -The current flowing out of this collector is converted into a
voltage by a current-to-voltage conversion circuit (not shown), and is
then fed to the FET control circuit 2 3. It is also possible to drive
the FET control circuit 3 directl{iQM th the output current wthout

using the, CULENL - E8htror rif! 330RaCRRLCLALBNCCLLEN ha ThE [F anSI stOrs (B

and 6 ang: T he reésrstor const output circuit that is

connected t0 §ileaover, in the delay circuit 101, the constaSt current
collector of the transistor Q. The delay circuit 101 receives its

first angogese8dceBpdnd ccs) Wadwn SLR! Fligan®, S[@yrf Igendrd ftnd | tAE dage
second input termnals 21 and 22 respectively. The first input signal

Slerr] fyomade of ridie itisistord @2nnagl belconnéeted tad shawm tighirig. 3.
circuits SW, SW2, and SWB, and, when the first input signal S[err]
ri sesstorm thgt tesel, thheselecsingchwhtchi K6Wi Ls SolcoS¥Rguard SWAtahd
turned on. On the other hand, the second input signal S2 fromthe
second idputureedi aff when2phpsseedndoinhutsébebighganfr i isKSwrngddonhi s
selecting 10 circuit KSWsel ects_the constant current source CC3 when the
when the second input is low. -
The above described power supply unit fequires only one
delay circuit, and therefore it can be realized with less cost
10 and with a smaller IC chiﬁ area. In addition, since a single
delay circuit is used to create the delay times for both
overdischarge detection and overcurrent detection, even if the
delay times vary from unit to unit, the relationship between.the '
two delay times never happens to be reversed, and therefore it is
15 possible to detect overdischarge and overcurrent correctly.
Next, an example of the construction of the power source
monitoring circuits 104 and 106 shown in Fig. 1 will be described
with reference to Fig. 5.- The power source monitoring circuit
104 is for overdischarge defection, and- the power source
20 monitoring circuit 106 is for overcurrent detection. These power
source monitoring circuits 104 and 106 are realized with a
construction similar to that of the delay circuit shown in Fig.
2. Accordingly, in Fig. 5, which shows an example of the
construction of the power source monitoring circuit, and in the
25 following descriptions, such components as are found also in Fig.
2 are identified with the same designations, and overlapping

explanations will be omitted. Note also that the following

descriptions deal with the case where the circuit shown in Fig.



second input signal S[err] is |low and selects the constant current

source .CCA when the second input signal S[err] is high. Al t hough
|n,;he,above enmbodi nent, the overcurrent detection signal fromthe
second power source nonitoring circuit 106 is 15 wused as the second input
signal S[err], it is also possible to uss._ t he overdi scharge detection
signal fromthe first power source monitoring circuit 104 as the

second i §0Ut S' §%e£6] t ton%(g 15 sourckalddii tisihg heveYelt 108 for

selectin C|rcu needs t he constant current source CC4

when t he (ggﬁ&féﬁgndé%ég%gogﬂerr] 20 is | ow and sel ect the constant
current source CC3 when the second I nput signal S[err] is high.

Havi ng a constijictpsiedssolesss i el eboieg ¢hecabt ayeceivest at thdOinput
operates only when overdischarge or overcurrent is detected.

Speci fi caldpmindl S2T) a cdgmalasmsoowhisht s, bfee \eolampde,ofa thighskevel
transi stor QL exceeds the base voltage of the transistor @, the

out puts cuirgprdl aghpetarss agendeated | ¢oenrtihé power r avpPLY ownikp. 20Q returqu;“ s
time, whereas the base voltage of the transistor g? ri ses abr upt

the capadizam & cavetsurren§asF Pyeridechrrgee state to a stand-by tate
-9- t ransi st or to rise gradually, and

i s creat ddcherpganit ?Fﬂﬁecﬁﬁfﬁﬁsvﬁ?l%dSB?t?;}9|ﬂél?ﬁgg%%s%Pwe YsibBEy

unit 200 is ready for overcurrent or overdischarge detection).

On the other hand, the power source monitoring circuit also

10 receives, at another input terminal 31, a signal SB, which is a
voltage that appears across the ON resistance of the FET 2.

The input terminal 21 is connected to the switch SW1 through

a delay circﬁit D. Accordingly; when the input signal SA is

received, whereas the switches SW2 and SW3 ;re_turned on immedi-

15 ately, the switch SW1l is turned on with a delay. If this delay

circuit D is not provided, the switches SW1l, SW2, and SW3 are,

theoretically, turned on at the same time. In reality, however,

variations of the characteristics of the circuit elements or

other factors may cause the base voltage of the transistor Q1 to

20 rise earlier than the base voltage of the transistor Q2, with the

result that the transistor Q6 outputs a current that indicates

detection of overcurrent. That is, iﬁ such a case, even though

the input signal SB is not received at the input terminal 31, the

overcurrent detection .current is outputted erroneously. By

25 contrast, if the delay circuit D is provided as shown in the

figure, it causes the base voltage of the transistor Q1 to rise

later than the base voltage of the transistor 02, and thus it

prevents erroneous current output that may occur when the power



vol tage of the transistor Q. Now, |et the resistance of the
resistor RlL be RL. Then, the 5 base voltage of the transistor Q2 is I3 x
R1- when overdi scharge is detected, and it is 4 x RL when overcurrent

i s- det ect ed. Since 13 > 14, the base voltage of the transistor Q is

hi gher when overdi scharge is detected_than when overcurrent is

det ect ed, and accordingly the delay time for overdischarge detection is

10 | onggy, fie QVEIFIIY LRI ection. Fig. 4
shows t h&"&) ?sgrenceq%%tmeenm&he JZ | ay tlngi for overdi scharge

det ection and VS YoipHet estémie e Ridlayl ciireditdic aeontiteting the ne
poi nt when overdi scharge or overcurrent is detected, T2 represents the

del ay ti RE&rildeed SWI eaicedWE MO ABEYatcobnhsct Ly dete et tamd qurrent
represents the delay tinme that is created when overdi scharge is

det ect ed.sources CCl Rmah ¢E3 tdireatby i tande dasdw ahpde trarcisters @k om
uni t to unit, the delay tines for overdischarge and overcurrent vary
in thé samd dd2eendomy Acentudhling ohdyr dhet issHdiah $H2 wedkht fide XbnRYyh
del ay tinmes never happens to be reversed, and thus it is OSSIb|e to
det ect owdgnak i ge "g?me‘d%%r cimrégt c%?*"r%ct‘ﬂf“ constant S = a?&)‘lnéce‘?‘n

(vol t age &5 w4 (68 B S"“%Sc'g"%‘m&twrents "G T SRS A
10 s, Smperes gt w&%ﬂﬁt eoﬁﬁﬁséavéﬁ?%éé?%gnf i R

increases current consumption, but also aggravates overdischarge

10 of the battery pack and thus deteriorates its characteristics.
When the switch SW1l, subsequent to the switches SW2 and SW3,
is turned on, the power supply unit enters the stand-by state.
In this state, while the signal SB is low enough, the transistor
06 does not output the overcurrent detection current from its
15 collector, but, when the signal SB exceeds a predetermined value,
the transistor Q6 is turned on and outputs the overcurrent
detection current. This overcurrent detection current is fed to
the delay circuit 101 described previously (Fig-. 2). Note that,
although the above description deals with the case where the
20 circuit shown in Fig. 5 is applied to the power source monitoring
circuit 106 for overcurrent detection, the circuit shown in Fig.
5 is applicable also to the power source monitoring circuit 104

for overdischarge detection.

Fig. 6 shows another example of fhe construction of the
25 power source monitoring circuit shown in Fig. 5. In Fig. 6, CC
represents a current source that outputs a current I, Q7 to Q10
are pnp-type transistors whose bases are connected together and

whose emitters are connected to a direct-current voltage source



ment as described above, but also to a lithiumion cell power supply
unit in which a charge control FET is inserted between the

-10- . di scharge control FET 2 and the output termnal 10.
Moreover, in the delay circuit 101, the constant current sources CC3
and CC4, shown in Fig. 2, for generatinggthe base vol tage of the

transistor 2 nay be connected as showmmn'in Fig. 3. 5 In that case, the

sel ecti ngogWi _taqiah@wzie?cfggmigur ddidlor tfor realiyiiRd af fashap: tha

second i nput i's high a It 1s turned on when the second input 1s |ow

The above?élgye_g_bggd ARMET cOMBBhENEEI tag e@e efo@RY &> in URigy @ I abtel,
and therefore 1t can be realized with less cost 10 and with a smaller IC

chip areajgeh®iasdit w98h th8cSamesdagignatiofelay circuit is used to create

the delay tinmes for both overdi scharge detection and overcurrent

det ecti on, evebni fFiihe 6, ttel ayansiestora YO8 o@Puniand oQufAi eadhheform a

rel ati onshi p between the two delay tinmes never happens to be reversed,

and t her efereent nErraf gosetit dagetherewd thythei seraryetar Rbyedduithese

~correctly. . Next, an exanple of the construction of the power
source CupBRREOMIAFOX CdFicud teo4 thed tResdshaT Y HYEVas weFl tgg input

described With relenefSs {Qmdiicors DA B8V°Lnd W16 % dQ D ! ¢
output transistor. The collector of the transistor Q8 is
connected to one end of the capacitor C, and, to this node
10 between the collector of the transistor Q8 and the capacitor C,
the base of the tranéistor Q1 is connected. The other eﬁd of the
capacitor C is connected to ground. The collector of the
transistor Q10 is connected to a resistor R1l, and, to this node
between the collector of the transistor Q10 and the resistor RI1,
15 +the base of the transistor Q2 is connected. Further, the
emitters of the transistors Ql and Q02 are connected to the
collector of the transistor Q9.
When fed with a control signal that indicates detection of
overcurrent or overdischarge, the constant current source CC is
20 +turned on and extracts a current I from the input transistor of
the above—ﬁentioned cufrent mirror circuits. As a result, the
current I starts flowing through the capacitor C and through the -
resistor Rl at the same time, causing the base voltages of the
transistors Q1 and Q2 to rise. Here, if the capacitance of the
25 capacitor C is assumed to be C, then the base volfage of the
transistor Q1 rises with a slope I1/C.
Accordingly, as long as the capacitance of the capacitor C

is determined appropriately, the relationship between the rising



104 is for overdischarge detection, and the power source 20 nonitoring

circuit 106 is for overcurrent detection. These power source nonitoring
circuits 104 and 106 are realized with a construction simlar to that
of ~the delay circuit shown in Fig. 2. Accordingly, in Fig. 5 which
shows an exanple of the constructiQpgaf the power source nonitoring

~circuit, and in the 25 follow ng descriptions, such conponents as are

found al §9dk B#-the b@sé‘reolésgéisf bed tWet hrahe istorsden gt ignscannbe
over | appi ng explanations will be omtted. Note al so that the

foll owi ngept Q%SCihi?i;iamydeéét WiditHdi: cahe Wies@® tdee suppliyt shoments
Fig. Is applied to the power source nonitoring circuit 106
for (béidxéﬂéﬁd,dahdcwnns erroneous Tlperawdions mf ctheomawsd ngoureeui t
receives, at the input termnal 21, a signal SA, which is, for exanple,
a hi gh-| exslitdrimgreiredit ¢an gedcpreeent@@n t he power supply unit 200
returns froman overcurrent or overdi scharge state to a stand-by state
(the & and- by Bhaitkasefepktage pEtthe trankiskor hel p%%\%l?ssﬁbﬁwg as” gipe

200 is ready for overcurrent or overdlschar detection th her
hand, thePFIRT. A cBIoRt TR rihgtekeube 19‘5‘633 £RS' 80de vorcafe' B8 2h8

transistor Q2.1s the delay time obtained by the power source
monitoring circuit.
In Figs. 5 and 6, instead of feeding external signals to the

10 power source monitoring circuit, it is also possible to vary the
current outputted from the constant current course CCl in such a
way that the relationship between the base voltages of the
transistors Q1 and Q2 is reversed at the end.of a predetermined
length of time.

15 In the above described power monitoring circuit, an initial
state is established not by supplying currents beforehand, but by
leﬁgthening the rising time of a base voltage. As a result, this
power monitoring circuit never operates erroneously, and in
addition reduces the current consumption in an overdischarge

20 state to approximately as low as a leak current (below 1 pA).
Thus, it is possible to prevent deterioration of the charaeteris—

tics of a bettery pack.

Induetrial applicability

25 As described above, according to the present invention, a
power supply unit requires only one delay circuit, and therefore
it can be realized with less cost and with a smallexr IC chip

area. In addition, since a single delay circuit is used to.



10 receives, at another input termnal 31, a signal SB, which is a

vol tage that appears across the ON resistance of the FET 2. The

- input termnal 21 is connected to the switch SW through a del ay '

- circuit D. Accordingly, when the input signal SAis. recei ved, whereas
- the switches SW and SWB are turned on-hpmuedi - 15 ately, the switch SWM is
~turned on with a delay. If this delay circuit Dis not provided, the

swW t ches S\WhteSVhed MW difes for !t boehetoeatrdyschargeddetneatibhe arde
time. In reality, however, vari ations of the characteristics of the
circuit wimiirtrerit deteotimn, fadrorist e dalsy theesaveryoframeunittte
transistor QL to 20 rise earlier than the base voltage of the transistor
@, Withuriet, the mesigtianship fhetwesrsitheotwosdedeyutingscoeyenthappens
i ndi cates detection of overcurrent. That is, in such a case, even
though to the irRversednal 29B | thepeferee {Bd 3F tRESFHRIR t%‘?m‘ﬁ%?e%‘i,

t he overcurrent detection current is out put ed errgneou&lﬂx.l By,. 25
cont r &t ,o¥erdiRcRRYSS FPLuiVIFTIEITYi FoF §§téﬁdm i ACERRILINGLY | GERE
it causes the base voltage of the transistor o_l.] ¢yl than.t he
base vol (RESYITt HBVER r’rglnstlcﬁ' @?E‘éﬂdlf‘h&s ??Q}e} S%ﬁg%h‘f‘ S tera%h?nteolﬁggs
current output 1t hat r n the.p in particular in such a
-12- B ?)’P?/aﬂﬁi{)g?)é?%g%g F\ghtghgtogtgan - fcset’atle. P

power supply unit in which signals indicating detection of

overdischarge and overcurrent need to be outputted with different

10 delays, for example a power_supply unit having a powexr source
consisting of batteries, an overdischarge detection circuit for

detecting overdischarge of the power source, and an overcurrent

detection circuit for detecting overcurrent.



It.is possible to omt the delay circuit D by omtting th Lt ches SW
and SWB8 and i nst ead connecting the constant current s CCl an

directly to the bases of the transistors QL 5 and Q@ mm@nm m{mf
|

onl'y the switch SW2 with the input signal SA. However, ¢

the constant current sources CCl an need to supply currenﬁs k1 and
I3 of a few mcro- anper es constant] Qui te di sadvant ageously, this
not only i ncreases current consunpti but al so aggravates

overdi scharge 10 of the battery pack and thus deteriorates its

characteristicg, Vool P&t halriala SRIRSEERINd @ohle T B%S
SW2 and SWB, ' ?3?ﬁ€d on, ?he pomerls§%%Iy unit entersothe st£%§ by

state. g iiltﬁ!cmﬁ §&uat e M) | @t heveranathSEgé s devecetivghcilddfiit for
transi stor Q6 does not output the overcurrent detection current from

its 15 dekketiny, obeirdiskharyecofi ¢hal pSBeexsoadsen anddahecotvepedryahnte,
the transistor @ is turned on and outputs the overcurrent det ection
currend. détectiencoirenitdévrcdetecting evernairirestt,0 furthetrheonpkraging:
circuit 101 described previously (Fig. 2). Note that, al t hough. t he
above descri pt Boded@st sciwewit hthatisdedhayse autputz0 oftj thei evendischargeg.
5 is applied to the power source nonitoring circuit 106 for

over cur r efetaetien sircugd erdcfbe 9HGW§“FHePtgdete°t19nl§15§BFFeable al so

to the power source  nonitor cirgu for_.overdi sch
detection whereingith @%ﬂ%%&?ﬁsr PEQYAIES OH BRretin e tRY | Simes
the 25 pgg%&eaour%eﬂﬂgyér dénﬁé 5gkvw¥eélan wégnlgvg}ghrrengcis

10 detected.

2, A power supply unit as claimed in claim 1, wherein the
delay time is longer when overdischarge is detected <than when.
overcurrent is detected.

15

3. A power supply unit comprising:

a power source consisting of a charge-and-discharge battery;

a first power source monitoring circuit for monitoring a
voltage of the power source in order to output én overdischarge

20 detection signal when the voltage drops below a predetermined
voltage;

a second power source monitoring circuit for monitoring a
current outputted from the power source in order to output an
overcurrent detection signal when the current exceeds a predeter-

25 mined current;

a delay circuit of.a variable delay-time type that delays

the overdischarge detection signal and the overcurrent detection

signal using a longer delay time when oVerdischarge is detected



represents a current source that outputs a current Q4+ t0 QIO _. _ are
pnp-type transistors whose bases are connected togeth and whose .
emtters are connected to a direct-current voltage so’j"f"”" J‘m"mr"mL v,
and C represents a capacitor for realizing a delay; i'n} I Jiisuch
conponents as are found also in Fig. 5_gre i dentified with"thd sane

desi gnati ons. In Fig. 6, the transistors B, @@, and QL0 each form
a 5 curgent ﬂﬂéﬁoévékéﬁykén£oﬂét&éﬁe&%é&;the transistor Q7. In these

current mrror circuits, the transistor Q7 serves as the input

transistor, Qngtéﬁﬁih?&ﬁ'ééﬁé XHor @opgnﬁaaﬂs&@;@ﬁb SEMH: W€ source;
out put transistor. he collector of the transistor B is connected to
one end odndhe capacitor C, and, to this node 10 between the collector of
the transistor B and the capacitor C, the base of the transistor QL is
connect ed. Theaodoertreyid ofrchibtt forcapedirodlifg sthenséoppdngo meansndin
The coll ector of the transistor QLO is connected to a resistor Rl, and,
to thi® rackeordantet wésh aheoutphitcofrthe dédayrahseuvibes QL0 and t he
resistor RL, 15 the base of the transistor @ is connected. Furt her,
“the emtters of the transistors QL and 2 are connected to the

coll ector of the transistor ) _
4, A power s&%%ly unit as claimed in claim 3, wherein the

delay circuit comprises:
first and second transistors of pnp-type that form a
10 differential pair;

an output circuit connected to a collector of the second
transistor; |

a capacitor connected between a base of the first transistor
and groﬁnd to obtain a delay;

15 a first constant éurrent source connected through a first
switch to the base of a first transistor; -

a second constant current source connected through a second
switch to emitters of the first and second transistors;

a third switch of which one end is connected to a base of

20 thg second-transistor;

third and fourth constant current sourcés;

a fourth switch that applies an output 6f either of the
third and fourth constant current sources to the other end of the
third switch; |

25 _ means thét, on receiving either the overdischarge detection
signal or the overcurrent detection signal, delivers the
detection signal to the first, second, and third switches so that

those switches are turned on; and



T ——

When f.ed with a control signal that indicates detection of———overcurrent

or overdischarge, the constant current source CCis on and
extracts a current | fromthe input transistor of ”’ﬂﬂ”‘ﬂfgﬁg Hm:loned
current mrror circuits. As a result, the curreht d

through the capacitor C and through the resistor RL at the sane tinme,

causi ng the base vol tages of the ffansistors QL and @ to rise. Here,

i f the capacit % soghggedeiéveggp% Eh%Né%df%éﬁ§¥§gﬁhéﬁbé%héh sPghRather

base voltage o transi stor rises wth™a sl ope

Accor di nglya &AseltllSr-&st IdrsAPas Ffifa0td RfieC FRRAGHthOBwEtch tol Bontrol
det er m ne approprlately the relationship between the rising

-14- thd®Bo@Eth hewbesk wothagrs @étébeibnassyaadrs QL and Q@ can be’
kept as initially set without the need to supply currents bef or ehand,
and thus erroneous operation of the power source nonitoring circuit can
be prevented. 5 The base voltage of the transistor QL keeps rising as
time 5 passeS, and phwetisepplytakesuit asceddimpd baseladmt dgewbpreid

transistor Q2 is the delay tinme obtained by the power source . nonitoring
circuit. the first or second power monitoring circuit comprlses-

first and second transistors of pnp-type that form a
differential pair;
an output circuit connected to a collector of the second

10 transistor;

a first constant current sourée and a first resistor
"connected in series;

a second constant current so.;)urce and a second resistor
connected in series;

15 means that, after a 1épse of a predetermined length of time
after receiving a stand-by signal for overdischarge and over-
current detection, makes the first constant current source supply
a current to the first resistor; and

means that, on receiving the stand-by signal, makes the

20 second constant current source sﬁpply a curreﬁt to the second

resistor,
wherein a base of the first transistor is connected to a
node between the first constant current source and the first
resistor, and a base of the second transistor is connected to a
25 node betwéen_the second constant.current source and the second

resistor.

- 6. A power supply circuit as claimed in claim 3, wherein



In,Figs. 5 and 6, instead of feeding external sigrals-to-the 10 power

source nonitoring circuit, it is also possible t e current

outputted fromthe constant current course CCl HC'“ﬁﬂ :H l r"l I hat the

rel"ati onshi p between the base voltages of the S nd Q is
15

reversed at the end of a predetermned _,4_length of tine. In the
above described power nonitoring circuit,”an initial state is

est abl i Sh%ﬂeh@&r@% g:'fpglel%%] t&%%%”@nﬁ%%ﬁﬁ?%‘ircﬁ% @lamproi\zeéseéngt heni ng

the rising tinme o base vol tage. a resuft, thrs p r noni toring

circuit never QE%%%tSﬁdeééeaﬁéuéfansﬁggofg that 65 1d G ARHAGRI NNPair;
current consunption in an overdi scharge 20 state to approximtely as | ow

as a |leak currangitbel @shdtdRtdrent soulidds antit ai Sap@SHtdt &drthdd @ iin

deterioration of the characteris- .tics of a battery pack

| ndustri akegppki;cability 25 As descri bed above, according to the
present invention, a power supply unit requires only one del ay
circui 6, and thesetond constantcanrtmnt eglurcedandt & resistostcameatdd in
smal ler 1C chip area.- In addition, since a single delay circuit is
used to series; . - 15-

means that, on receiving an overdischarge detection signal

or an overcurrent detection signal, makes the first constant

current source supply a durrent to the capacitor and makes'the

lO second constant current source supply a current to the resistor;

and

. output means connected to a collector of the second
transistor,

wherein a base of the first transistor 'is connected to a

15 node between the first constant current source and the capacitor,

and a base of the second transistor is connected to 'a node

between the second constant current source and the resistor.



create-the del ay times for both overdi scharge detection and overcurrent

detection, even if the delay times vary fromunit to ‘unit, the

rel ationship between the two delay tines never happens to be reversed,
and therefore it is possible to detect 5 overdischarge and overcurrent
correctly. Accordingly, the presggt invention is useful in a power
supply unit that uses secondary batteries as a power source, in
particular in such a power suppl yapgthaef Which signal s indicating
detection of overdi scharge and overcurrent need to be outputted with

different 10 r SAppAXAUNIE R0 P’iﬂé‘iﬂﬂéc‘!'ﬁr’g_ﬁf%t%ﬁd?@‘&&cﬁﬂ% ce
consisting of b ; ver di schar ge : cuit for

det ect i ng foyeIqUteAIGe SvetdfsERIEFe SO & pdWsk a8o@yes £ UBhERIvercurrent
detection circuit for detecting overcurrent.

- 16- detection circuit for detectfhgl M¥ercurrent, 1andA powdoppuipl v
unit having a power source consisting of alithiumion cell, an

over di Schaigeuddt dori siropping oviemdischaggiee o My ereargenthdngacsgiondance
power source, and an overcurrent 5 detection circuit for detecting

over cur r eWithf yaPhePVesRischarge detection, @digaplei EEui @1 hQVeFsURRent

out puts of, the qverdi scharge
P detectg.on signai.g The power supply unit is further provided with

al delay circ‘uiij‘to prevent the overdischa_rgé detection circuit
and the overcurrent detection circuit from being activated
10 erroneously by external noises. This delay circuit provides a
variable [delay timci( so that the delay time will be longer when
overdischarge is detected than when overcurrent is detected.

This makes it possible to stop overdischarge and overcurrent

without fail.



detection circuit and the overcurrent detection circuit, wherein
the delay circuit provides different delay-tines bet ween when
overdi scharge is detected and when overcurrent is 10 detected.
2. A power supply unit as clainmed in claim1l, wherein the delay tine
is longer when overdi scharge is detected than when overcurrent is
detected. 15 3. A power supply unit conprising: a
power source consisting of a charge-and-di scharge battery; a first
power source nonitoring circuit for nonitoring a vol tage of the power
source in ofd€y.flo output an overdischarge 20 detection signal when the
vol t age drops bel ow apredetermmed - -~ -vot tage,———~—--—~- -a-secegnd power
source nonitoring cirquit for nonitoring a current outpufué fromthe
power source in order ito putput an overcurrent detectlonL$|gnaI when
the current exceeds alprefleter- 25 _nmined current; la del ay
circuit of a variabl e del ay-ti ne tym@ t hat del ays t he overdlscharge
detection signal and tihe Pt det ect i on si gnal [usiing a | ¢nger
delay tinme when overdlsc [g Isddéiected !
I‘]/'"' \Y; 8
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-17- - than when overcurrent is detected, ' st oppi ng nmeans for

st oppi ng di schargi ng of the power source; and a contro
circuit for controlling the stopping nmeans in 5 accordance with an out put
of the delay circuit. 4. A power supply unit as clainmed in
"claim3, wherein the delay circuit conprises: first and
second transistors of pnp-type that forma 10 differential pair;

an output circuit connected to a collector of the second ~transistor;

a capacitor connected between a base of the first transistor and
ground to obtain a delay; 15 a first constant current source
connected through a first swtch to the base of a first transistor;

a second constaq? rhent source connected through a second switch to
emtters of the Jﬁgtéand second transistors; athird switch of
which one end is connected to a base of 20 the second transistor;

third and fourth constant current sources; a fourth switch that
applies an output of either of the '

CC3
CC4

22

|_-SW

s



third and fourth constant current sources to the other end of the third

switch; : 25 nmeans that, on recei.ving either the overdi scharge
det’ecti on signal or the overcurrent detection signal, delivers the
detection signal to the first, second, and third sw tches so that
t hose switches are turned on; and means that delivers
t he overdi scharge detection signal or the overcurrent detection signa
to the fourth switch to control the fourth switch with the detection
si.gnal . 5 F a A power supply circuit as clained in claimS3,
wherein thlcii st or second power nonitoring circuit conprises:
first and second transistors of pnp-type that forma differential pair;
an output circuit connected to a collector of the second 10 transistor;
a first constant currOLTAGRirce and a first resistor connected in
series; a second Pongiasp VOITASE GPgce and a second resistor
connected in series; "ﬁ>y/
I3-R1 |
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15- * nmeans that, after. a |lapse of a predetermned |ength of tine

after receiving a stand-by signal for overdischarge and over- current
detection, makes the first constant current source supply a current to
the first resistor; and means that, on receiving the stand-by.
signal, makes the 20 second constant current source supply a current to
the second resistor, wherein a base of the first transistor
is connected to a node between the first constant current source and
the first resistor, and a base of the second transistor is connected
to.a 25 node between the second constant current source and the second
resistor. 6. A power supply circuit as clainmed in claim3,
wherein -19- the first or
second power nonitoring circuit conprises: first and second
transistors that forma differential pair; a first constant
current sourceﬁﬁegdg capaci tor connected in series; 5 a second
constant curre rce and a resistor connected in

-6-CV

' MJ(Q8 Q9
Q7i2} |~:/ t%/ - Q10

Q4 $-RI1

')
&
x{y
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seri es; ' means that, on receiving an overdi scharge detection signa

or_an overcurrent detection signal, makes the first constant current
sQurce supply a current to the capacitor and makes the 10 second const ant
current source supply a current to the resistor; and out put
means connected to a collector of the second transi stor,

wherein a base of the first transistor is connected to a 15 node between
the first constant current source and the capacitor, and a base of the
second transistor is connected to a node bet ween t he second const ant

current source and the resistor.

FIG.7
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