TI TLE OF THE | NVENTI ON BATTERY PACK, BATTERY PROTECTI ON PROCESSI NG
APPARATUS, AND CONTROL METHOD OF THE BATTERY PROTECTI ON PROCESSI NG
APPARATUS BACKGROUND OF THE I NVENTION 1. Field of the Invention The
present invention relates to a battery pack containing a secondary battery
integrally with, a processing circuit to perform processes including
protection against anomaly occurrence in the secondary battery, a battery

protection processing apparatus to performits processes, and a control
met hod of the battery protedibl QFIHEINVENTREAF at us. 2. Description of
the Related Art In recent years, there are an increasing nunber of portable
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importance is attached to the or mance o ary hount ed
on these el ectronic devices. Such 1 s§§Endary batteries include lithiumion
batteries. In particular, if a lithi n secondary battery is
overcharged, lithiumion separates out as |ithiumnetal at a negative

el ectrode. CONTRRLMETHOD OF THESBATIERY PROTECTEOMNPRECESIDEGS.
ignites, or explodes. If the battery is over-discharged, the electrode

inside is subject to a small anmounipmf -circuiting or capacity
degr adati on. ' MMW§

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a battery pack containing a secondary battery
integrally with a processing circuit to perform processes inchiding protection against
anomaly occurrence in the secondary battery, a battery protection processing apparatus

to perform its processes, and a control method of the battery protection processing

apparatus.

2. Description of the Related Art
In recent years, there are an increasing number of portable electronic devices
such as digital video cameras on the market. A great importance is attached to the

performance of secondary batteries mounted on these electronic devices. Such



When the positive and negative el ectrodes are short-circuited, it is also
known that an overcurrent flows to cause abnormal heating. In order to
prevent overcharging, over-discharging, short-circuiting (overcurrent),
the lithiumion secondary battery is generally provided with a protection
function to nonitor these abnormal states and a switch to prevent the
abnormal states. FIGS. 1A and 1B present graphs show ng vol tage and current
changes when discharge and overcurrent occur in a lithiumion secondary
battery. F&FS.bL@ andﬁéﬁgg w an.exanple of lithiumion battery cell used
for di girtaroaryPediesd @%’H‘Wﬂ% €IEBi || caneras for honme use. A fully
charged voltage is assuned to be 4.2 V, and an over-di scharge detection

vol tage is adapastitular, e BhQuiv-ion kedndady bitens icbendesged, lithiandaid ery cel |
vol tage during di scharge of 2Wpower consunption. As shown in FIG 1A, the

batter : . e . ovel-~dischar detecti on
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di schar etkogg is rel eased, the battery cell voltage tenporarily
i ncr eadBat the battery saekies, isgaes, casapladesr elithe baderw is overdischirgedahge. 1f the
battery is left unused for a long tinme, the battery cell voltage decreases
to 0 V.elWWenletihdd? isadijédtte aanshinaasinisT st =6 it ed,
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the battery cell voltage nonentarily decreases to appr
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increasingly praovided for the above-nentioned portable el ectronic devices
usi ng taygrcurrent flows to cause abnormal heating. In order to prevent overcharging,

over-discharging, short-circuiting (overcurrent), the lithium-ion secondary battery is
generally provided with a protection function to monitor these abnormal states and a
switch to prevent the abnormal states.

FIGS. 1A and 1B present graphs showing voltage and current changes when
discharge and overcurrent occur in a lithium-ion secondary battery.

FIGS. 1A and 1B show an example of lithium-ion battery cell used for digital
video cameras and digital still cameras for home use. A fully charged voltage is
assumed to be 4.2 'V, and an over-discharge detection voltage is assumed to be 3.0 V.
FIG. 1A shows changes of the battery cell voltage during discharge of 2W power
consumption.  As shown in FIG. 14, the battery cell voltage decreases down to the
over-discharge detection voltage after approximately 90 minutes from the fully
charged state. If a discharge load is released, the battery cell voltage temporarily
increases, but gradually decreases thereafter due to self-discharge. If the battery is

left unused for a long time, the battery cell voltage decreases to 0 V. When the



secondary battery as a power supply. As shown in FIG IA, especially in the
lithiumion secondary battery the battery cell voltage gradually and
linearly decreases except imediately before and after the discharge.
Accordingly, the use of only the battery cell voltage cannot accurately
detect the remaining battery capacity. It becones possible to accurately
cal culate the useful remaining life by using accunulated values of a
charge and di scharge current, the battery cell tenperature, and the |ike.

In order_to realize . .such remai ning battery.c city diispl.ay function, there
is  contYSHF n%vpggchoﬁg%%sgpgw%gh%%@gﬁ a‘F‘ﬂE‘PQIF%es econdary

battery and circuits such as a mcrocontroller in the sanme package. FIG 2

shows amoirenéarigldecreasésgorappi@nnaidy @ apthawadn¥&Gt i BnalAtihisttany, awack. The
conventional battery pack in FIG 2 conprises: a battery cell 1 conprising

alithi ' A ; tection swtches SW11 and SW12 for
di schar%ﬁ%&g%%qg%gﬁg{ ng gélo%'??élf}&{eigch conprising a MOSFET (Metal Oxide

Sem conductor_Fi el d_Ef Eec{i} Transi stor) equivalently containing the diode
between the QBib¢ethenhanda rgmeinng babiew sapacy displatfunetion & resistor Rs
for current detection; a 3 battery protection circuit 110; a

m cr ocaintreakingly pR¥idedl for dekataseHbbatcreddabls elebirahie@RRiced bkl the
operations; a therm stor 140 to detect tenperature of the battery cell 1;

o0 2, SRS ot STl ad Mol ATt LR h IR Lo Lp
the pr Oﬁtﬁ%{hggnggc}n%gffbasf\élrjli ﬂ?e? l(;lattse:\gf1 %:el(la %g{ltagg g@%ﬁhgﬁy glrlld linearly decreases
except immediately before and after the discharge. Accordingly, the use of only the
battery cell voltage cannot accurately detect the remaining battery capacity. It
becomes possible to accurately calculate the useful remaining life by using
accumulated values of a charge and discharge current, the battery cell temperature, and
the like. In order to realize such remaining battery capacity display function, there is
commercially available a battery pack that contains the secondary battery and circuits
such as a microcontroller in the same package.
FIG. 2 shows an internal configuration example of a conventional battery
pack.
The conventional battery pack in FIG. 2 comprises:  a battery cell 1
comprising a lithium-ion secondary battery; protection switches SW11 and SW12 for
discharging and charging control, each comprising a MOSFET (Metal Oxide

Semiconductor Field Effect Transistor) equivalently containing the diode between the

source and the drain according to the structure; resistor Rs for current detection; a



FEF and a di ode. The protection switch SW11 can turn off discharge
current. The protection switch SW12 can turn off charge current.

Accordi ngly, when the battery cell 1 is charged, a charger is connected to
a positive electrode termnal Ebl and a negative el ectrode term nal Eb2.
In addition, the protection switch SW12 is turned on. The positive

el ectrode term nal Ebl and the negative electrode termnal Eb2 may connect
to a device functioning as discharge load. In this case, turning on the
protect;ion sw tch. SWL1 ¢ SURRI Q L he Vi cew..Ih ery
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supplying power to the mcrocontroller. The mcrocontroller 120 is a
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of the battery cell 1 and operates on the power supplied.from the battery
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circuit 110 controls t startup timng. e mcrocontroller 120 conputes
necessary. informtio n?Fr software control based on digitized val ues
equi val ECq IOy ‘Eltﬁﬁ@is aHegRaCSe currents and battery cell voltages
supplied fromthe battery protection circuit 110 and on tenperature val ues
detect ed by tlnehe bettesyspack, théQrofEbtomswitohent Walll azxd SWt 2amashicomptrise an
information to the electronic device nounted with the battery pack via the
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m crocontrol | er system

cell 1 is charged, a charger is connected to a positive electrode terminal Eb1 and a

negative electrode terminal Eb2. In addition, the protection switch SW12 is turned
on. The positive electrode terminal Eb1 and the negative electrode terminal Eb2 may
connect to a device functioning as discharge load. In this case, turning on the
protection switch SWll can supply power to the device. The battery protection
circuit 110 is also integrated with various circuits for supplying power to the
microcontroller.

The microcontroller 120 is a circuit to calculate information needed to display
the remaining capacity of the battery cell 1 and operates on the power supplied from
the battery protection circuit 110. For stable operations, the battery protection circuit
110 controls the startup timing. The microcontroller 120 computes necessary
information under software control based on digitized values equivalent to charge and
discharge currents and battery cell voltages supplied from the battery protection circuit

110 and on temperature values detected by the thermistor 140.  The microcontroller



I s designed on the prem se that the power supply voltage is stably supplied
to the mcrocontroller. For this purpose, as showmn in FIG 2, the
conventional battery pack uses another circuit independent of the

m crocontroller to provide the protection function that nonitors anomalies
such as overcharge, over-discharge, and overcurrent of the secondary
battery. There is an exanple of such circuit that mainly conprises a
speci al voltage conparator as a major conponent to inplenent the battery
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battery cell states of the conventional batte:féhpack. As shown in FIG 3,
t he conbenoimomaiciizon EFy Spaad aneonitad tersninalvbr mithis snaltes it paseible tee vol t age of
the battery cell 1 ranges from3.0 to 4.25 V, for exanple. In this state,
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di sabl e the charge. Wien the voltage of the 5 battery cell 1 is |Iower than
3.0 V dmttei s gluagiyerariehanthoconditieis. t A2 thelother lkand, heemicosmiteoiipe spstatne
occurs. The protection switch SW11 turns off to disable the discharge. In
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conti nues eepin e ‘m crocont he vol t age of
the battery cell bec s lower th 5 all th e
nucrgcontroller I%o 1S purpose, as sﬁown 111%1(\_(7 2, the conventional battery pack

uses another circuit independent of the microcontroller to provide the protection
function that monitors anomalies such as overcharge, over-discharge, and overcurrent
of the secondary battery. There is an example of such circuit that mainly comprises a
special voltage comparator as a major component to implement the battery cell
protection function (e.g., see Japanese Patent No. 3136677 (paragraphs [0011] through
[0016], FIG. 1)).

FIG. 3 schematically diagrams battery cell states of the conventional battery
pack.

As shown in FIG. 3, the conventional battery pack maintains a normat state
when the voltage of the battery cell 1 ranges from 3.0 t0 4.25 'V, for example. In this
state, both the protection switches SW11 and SW12 turn on to enable both the power
supply against discharge loads and charge operations for the charger, if connected.
When the voltage of the battery cell 1 exceeds 4.25 V, an overcharge state occurs.

The protection switch SW12 turns off to disable the charge. When the voltage of the



di scharge stops to prevent the capacity degradation of the battery cell 1.
Consequently, the mcrocontroller 120 stops operating. Thereafter, applying
a voltage fromthe charger termnal starts charging the battery cell 1.
Wien the voltage exceeds a specified value, the mcrocontroller 120 starts
operating. The current detection resistor Rs is used to detect a discharge
current. When the discharge current exceeds 3.0 A an overcurrent state
occurs. The protection switch SW11 turns off to inhibit the discharge.

This state al st pps eratigns .of the _mcroconfrq 120 and the like.
Rel easih‘?‘fﬁte%gglgﬂé%ﬁgﬂlﬁgﬁ?%gb \Zﬂpgﬁb}g?g Ranr&grakto i-é@%éﬁn&l state. As
ment i oned above, the conventional battery pack is independently nounted

wi th t heveprdstohatgecstateioccmist  Tiwe prbectioh bivitoh iSOV 15 eaas déf v datblete and the
m crocontroller to conpute display of the remaining battery capacity.
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integrate nost _of the circuits on a single, sem conductor circuit board
from t FODUNEGH FeaPIngrtheimictcanirelien 10 oppsatingsi ng the number of parts, and
reduci ng parts costs. 6 As nentioned above, however, secondary battery

vol t ages ar e Whehalx eoligrastihe batarydelluobédises J160er Haer RSO, hilther itself
is not stably supplied wmth the power supply voltage. It has been
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the protection function, it i.s mainly inplenented by special hardware such
as a onsequently, the microcontroller 120 stops operating.  Thereafter, applying a
voltage from the charger terminal starts charging the battery cell 1.  'When the voltage
exceeds a specified value, the microcontroller 120 starts operating.
The current detection resistor Rs is used to detect a discharge current.  When
the discharge current exceeds 3.0 A, an overcurrent state occurs.  The protection
switch SW11 turns off to inhibit the discharge. This state also stops operations of the
microcontroller 120 and the like. Releasing the discharge load automatically resumes
the normal state.
As mentioned above, the conventional battery pack is independently mounted
with the protection circuit for the lithium-ion secondary battery and the microcontroller
to compute display of the remaining battery capacity. Recently, by contrast, it is
expected to mainly use the microcontroller to implement the above-mentioned
function of the protection circuit and integrate most of the circuits on a single

semuconductor circuit board from the viewpoint of miniaturization, decreasing the

number of parts, and reducing parts costs.



vol tage conparator. The mcrocontroller is used as a supplenentary function
for that hardware. When the m crocontroller mainly inplenents the
protection function for the secondary battery, it is inportant to save as
much power consunption of the mcrocontroller itself as possible and
stably supply the power to the mcrocontroller. The battery pack may use a
plurality of serially connected battery cells depending on the nagnitude
of | oads applied to a connected device. In this case, it i necessary to

it is
i ndi vi dual I'y H{}({i}% c el . each of
the battery clgﬁrgh enQaécﬁ{eyﬂgﬂg%lg%gggﬁé’o%p@?}g%%%tagés]g%ﬂ%@edet ect
battery cell, voltages as pentioned above, however, it is_necessary to
provi déleRepdisgan siyatiens. c ul e mierpeantrolieg isel anngt siahly sypplicsshyithdbor s as the
serially connected battery cells, causing problens of increasing design

costs gutversupplyi vidtagbe [t1kdecka difficukne eoniSPBRRaFbttdry HhYEREEON The

present invention has been made in consideration of the foregoing. It is
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protection function and reduce the circuit installation space, parts
cost s, pamtoiibegrotesiicrufgnction, it is mainly inoplesrentds] ey spesialthaedwaressaoh as avent i on
to provide a battery protection processing apparatus which mainly uses
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function and reduce the circuit installation sp costs, and power
consum:ﬁ i felup
ardware.

‘When the microcontroller mainly implements the protection function for the
secondary battery, it is important to save as much power consumption of the
microcontroller itself as possible and stably supply the power to the microcontroller.

The battery pack may use a plurality of serially connected battery cells
depending on the magpitude of loads applied to a connected device. In this case, it is
necessary to individually determine overcharge and over-discharge states for each of
the battery cells. 'When only the voltage comparator is used to detect battery cell
voltages as mentioned above, however, it is necessary to provide a protection circuit
containing as many voltage comparators as the serially connected battery cells, causing

problems of increasing design costs and enlarging the installation space.

SUMMARY OF THE INVENTION
The present invention has been made in consideration of the foregoing. Itis

therefore an object of the present invention to provide a battery pack which mainly



It is still another object of the present invention to provide a control

nmet hod of enabling a battery protection processing apparatus to mainly use
software control to stably inplenment a secondary battery protection
function and reduce the circuit installation space, parts costs, and power
consunption. To solve the above-nentioned problens, the present invention
provides a battery pack conposed of a secondary battery integrally with a
processing circuit to perform processes including protection against error

th condar batter the hatter ack cop i Si.ng:
1 SenariBes soff ek ciaL e SAb T IBRelb? SEOnGBMPATERY PIoiee Y (UBCHILaHar ge

current in the secondary battery; a charge current cutoff nmeans for
sel ect iredige thetditcog indthllationhspage, pantsroests, Al pdwersernsodptiynbat tery; a
vol tage detection neans for digitizing and outputting a voltage between a
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fromthe voltage detection nmeans, determning a state of _the secondary
bat t er YPTEEESSHIZ JRRAF iR IGECh WaHHE Lsesywityrare sontEpltosialy dmplemeenta st at es
and, according to a determ ned state, controlling operations of the

di scharsgeondary ®atted proteetibn Teadtforand fedaceherd@icuitunseMiticnipatbé, pgans; and
an overcurrent detection neans for providing control to enable the

di schar C ns to be a cutoff state in preference to the
pr ot ectc’g)gtr?’ g@%@@@&yﬁéﬁgﬁl@%@n the secondary battery is determined to be in
an overcurrent state based on a charge and di scharge current size of the

secondary batlf & sfill anothesiobjessof he/pissent iInvansiondo pagedd etcontrobmefhnsief
detects, as a digital signal, a

enabling a battery protection processing apparatus to mainly use software control to
stably implement a secondary battery protection function and reduce the circuit
installation space, parts costs, and power consumption.

To solve the above-mentioned problems, the present invention provides a
battery pack composed of a secondary battery integrally with a processing circuit to
perform processes including protection against error occurrence in the secondary
battery, the battery pack comprising: a discharge current cutoff means for selectively
cutting off a discharge current in the secondary battery; a charge current cutoff means
for selectively cutting off a charge current in the secondary battery; a voltage detection
means for digitizing and outputting a voltage between a positive elecirode and a
negative electrode of the secondary battery; protection process means for, based on at
least an output voltage value from the voltage detection means, determining a state of
the secondary battery out of overcharge, normal operation, and over-discharge states

and, according to a determined state, controlling operations of the discharge current



vol t age between the positive electrode and the negative el ectrode of the
secondary battery. The protection process neans controls operations of the
di scharge current cutoff means and the charge current cutoff neans
according to output voltage values fromthe voltage detection neans. For
exanple, when it is determined that the secondary battery is placed in the
overcharge state, the charge current cutoff neans cuts off the charge
current. Wien it is deternmined that the secondary battery is placed in the
over-di scharge state, the discharge current cutoff nmeans cuts off the

di scharcyéotf sipaps and thacharge cuntententoff measscaddargvepelrtant ietestipn ateans ed

agai nst abnornmal states such as an overcharge and an over-di scharge. Wen
| 1S dt praviding chfiibl foabRAReRERINRALREY chidRheaRdo: 4 AfoRUBHEH] T et
state based on The charge and di scharge current size of the secondary
batter he overcurrent. detection nmeans enabl es the discharge current

cut of f )ﬁ%%&ﬁ@“%o e BrofestionPregess aneang M%ﬁ@cqnﬁ%bmm&t@wﬁt . The
overcurrent detection nmeans controls the discharge current cutoff nmeans in
pr ef er éabe it ancuatuntendstateinspd ohaathiacge prdodisdmrge ansentCrsefqgient | y, t he
secondary battery can be protected agai nst an over-di scharge independently
of oper, 'ﬁHh§ of 9 the protection process neans. It may be preferable
to furfﬁ%? pro&?@%?'for exanpl e, a current accunul ation means for

out putting a.signal correspondi nt% to an accunul ated val ue, for charge and
di scharge cufP afieryRacEntrgriplBge fetegtion meanweiests aon digitahsigna a

establishing conmmunication with an external device powered by the
secondaojtapabeeveen the pesitivaiehgtrodapad theyndgative elictrode oftteidcabhdiymeans for

cal cul ating remai ning capacity information
battery. The protection process means controls operations of the discharge current
cutoff means and the charge current cutoff means according to output voltage values
from the voltage detection means. For example, when it is determined that the
secondary battery is placed in the overcharge state, the charge current cutoff means
cuts off the charge current. When it is determined that the secondary battery is placed
in the over-discharge state, the discharge current cutoff means cuts off the discharge
current.  In this manner, the secondary battery is protected against abnormal states
such as an overcharge and an over-discharge. When it is determined that the
secondary battery is placed in the overcurrent state based on the charge and discharge
current size of the secondary battery, the overcurrent detection means enables the
discharge current cutoff means to be a cutoff state and cuts off the discharge current.
The overcurrent detection means controls the discharge current cutoff means in

preference to control of the protection process means. Consequently, the secondary

battery can be protected against an over-discharge independently of operation states of



about a remaining capacity of the secondary battery based on at |east an
out put voltage value fromthe voltage detecti on neans and an out put signal
fromthe current accunulation nmeans and transmtting renai ning capacity
information to the external device via the comunication neans; and a
power supply determ nation neans for determning the presence or absence
of power supply fromthe secondary battery to the external device based on
avai lability or unavailability of conmunication with the external device
usi ng the commuyni cation nmeans at a specified time interval. In this case,

when' t HBS PENEFIYLUPNCHSHBE™Sri nat i on means deternines that the secondary
battery supplies power to the external device, the remaining capacity

i nf or mat i on dahetyl s preferaiians feaherfravids, fopexa@itd, AicgrefRaahtatidf or mati on
and transmits a calculated value to the external "device at the specified

seconoarsaer offPebifa st SO BIRaR RRORRAE PO SRS o '

interval . Further, when the power supply determ nation nmeans determn nes
t hat t Hisdwegmeanrsntpat senopdanebatiesy; ascppiynination meanstforestattlishivg  devi ce,

the remaining capacity information cal cul ati on neans cal cul ates 10 the

remai nidgvan@apRatbY witl S BRteie d@&i&?@%?&fw ﬁﬁ?jsekbﬂa‘hrg 'Bta&éf#gb ré’l'ﬁgirﬁﬁ res it

in nonvol atile storage neans, and the protection protess ans det er m nes

a state of the. secondary battery a
: lngB ulaﬁ e%/
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cal cul ation means at a sufficient time interval and increase a tinme period
to st oprbopenaemeining capasityliofitemsecandagydratiei obaselrimert\edst ai otutpat polagect i on
process neans can be shortened to enhance the safety when
value from the voltage detection means and an output signal from the current
accumulation means and transmitting remaining capacity information to the external
device via the communication means; and a power supply determination means for
determining the presence or absence of power supply from the secondary battery to the
external device based on availability or unavailability of communication with the
external device using the communication means at a specified time inferval.
In this case, when the power supply determination means determines that the
secondary battery supplies power to the external device, the remaining capacity
information calcnlation means calculates the remaining capacity information and
transmnits a calculated value to the external device at the specified time interval, and the
protection process means determines a state of the secondary battery at a time interval
shorter than the specified time interval. Further, when the power supply

determination means determines that the secondary battery does not supply power to

the external device, the remaining capacity information calculation means calculates

10



an external device is powered by the secondary battery with | arge
variations in a discharge voltage. Wen no power is supplied, an operation
interval of the protection process neans can be extended to increase a
time period to stop operations. Mreover, the present invention provides a
control nethod of a battery protection processing apparatus to perform
processes including protection against error occurrence in the secondary
battery. The method conprises the steps of determning a state of the
seconda battery out.of. pvercharge, nor.nmal, operation, and over-di scharge
States HEIEHAHE NI URIBALPR AE s SPEEbE IS b Er Vel METPIGat @ ect r ode

and a negative electrode of the secondary battery and, according to a

det er m mmtro¥dtae storageemeansyang thee protdotiohiprocess agsaans deterodmdsraodtatepditad i ons  of
a discharge current cutoff «circuit to selectively cut off a discharge
current G d ha - clrrent, . . jrcuit to
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provi ding control to enable the discharge current cutoff _circuit to be a
cut of f epicadte the rempriging eapaeity b’lfﬂﬁ@atmfbﬁgﬁlﬂ]iﬂﬂﬁﬂ presBs 8k GpdieiaTidngecondar v
battery is determined to be in an overcurrent state based on a charge and
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the battery protection processing apparatus controls operations of the
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the negative electrode of the secondary battery. For exanple, when it is
det er m areexteinal deviee ispeurgdby thaseemgarsbfeary svith larghearionsimpge st ate,
the charge current cutoff circuit

discharge voltage. 'When no power is supplied, an operation interval of the protection

process means can be extended to increase a time period to stop operations.

Moreover, the present invention provides a control method of a battery
protection processing apparatus to perform processes including protection against error
occurrence in the secondary battery. The method comprises the steps of: determining
a state of the secondary battery out of overcharge, normal operation, and
over-discharge states based on an inter-electrode voltage between a positive electrode
and a negative electrode of the secondary battery and, according to a determined state;
performing a protection process to control operations of a discharge current cutoff
circuit to selectively cut off a discharge current of the secondary battery and a charge
current cutoff circust to selectively cut off a charge current of the secondary battery;
and providing contro] to enable the discharge current cutoff circuit to be a cutoff state
in preference to the protection process when the secondary battery is deternuned to be

in an overcurrent state based on a charge and discharge current size of the secondary

11



cuts off the charge current. Wien it is determ ned that the secondary
battery is placed in the over-discharge state, the discharge current
cutoff circuit cuts off the discharge current. In this manner, the
secondary battery is protected agai nst abnornmal states such as an
overcharge and an over-di scharge. Wen it is determned that the secondary
battery is placed in the overcurrent state based on the charge and

di scharge current size of the secondary battery, an overcurrent detection
proces%ﬁis performed to enable the discharge current cutoff circuit to be
a cut ofPBli&at e and cut off the discharge current. The overcurrent
detection process controls the discharge current cutoff circuit in

preference the@npodhethidfor thobstsy bastecianpiocessiippxsparans iconteols
i nter-el ectrode voltage. Consequently, the secondary battery can be

protecte ' J - di ' | rafd :ates of
Phe. pr SReihh OF e BRCREEE S i cIF rOBF BT B Tt SR RAPBIOREL P2 1,
may be preferable to further performa remaining capacity calculation

pr ocesecodrding wamintereledradevalgge bebrsanthe ppsitivg elesiodpaue the RegAlivRi ng
capacity of the secondary battery and performa remaining capacity

i nf or MeYd @R dd dfth@SsiBnaatyshtief R C SRSk exhniplénshed & ivdetéfiginegnatnhelg capacity
i nformati on cal culated by the renaining capacity cal cul ation process to an

external deyice powered by.the segondary. batter S ] t the
i nter- éP‘é%‘%qY%}ﬁﬁa@%lD’tléggaCB%{ ' ﬂ‘@ %VeeE‘%fﬂﬁ%? #E?aﬁ}eewgeg‘ﬁﬁ%ﬁ%gyﬁ%@ ed val ue
for charge and discharge currents of the secondary battery; determ ne the
pr esencatooff dsdrage otrrpainve 'Wheip iy deteomineddhatdbe aerondanabatiary is placed
external device based on availability or unavailability of comunication
Wi th t hg the over-discharge state, the discharge current cutoff circuit cuts off the discharge

current. In this manner, the secondary battery is protected against abnormal states

such as an overcharge and an over-discharge. When it is determined that the

secondary battery is placed in the overcurrent state based on the charge and discharge

current size of the secondary battery, an overcurrent detection process is performed to

enable the discharge current cutoff circuit to be a cutoff state and cut off the discharge

current. The overcurrent detection process controls the discharge current cutoff

circuit in preference to the protection process based on the above-mentioned

inter-electrode voltage. Consequently, the secondary battery can be protected against

an over-discharge independently of operation states of the protection process based on

inter-electrode voltages.

For example, it may be preferable to further perform a remaining capacity

calculation process of calculating remaining capacity information about a remaining

capacity of the secondary battery and perform a remaining capacity information
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external device at a specified time interval; when it is determ ned that
the secondary battery supplies power to the external device, performthe
remai ni ng capacity information calculation process and the remaining
capacity information transm ssion process using a cal cul ated val ue thereof
at the specified tinme interval, determne a state of the secondary battery
at a time interval shorter than the specified tine interval, and perform
the protection process based on a determination result; and when it is
determ ned that the secondary battery does not supply power to the external
devi ce franpaisssymprosessradeanamuiging dhe eemyining eapaeity sHogrnation ealpwatedbycess at
the specified time interval, store the calculated renmaining capacity

i nf or md R4 i3 ki EA1BuIAROR hYocesSIRS & BkBaRd&dieé PoRerdd sy grRcondary
batte??qa%ﬁ?hlgl pe if@ed tinme i?t@ecre\%al, a%&glg?f orlm 9?her pr ot ecti on process

based on a determination result..ln this manner., it J ossi-ble to perform
Che. rentsandiey Baten eyl of 6 leass toh ek By Stagieint e SEPRgA ey ont
time interval and increase a tine period to stop the process. In addition,

an exeantianracicatatated valie tihecharge and dischrge casents afi threseshndargrbetieryt o
enhance the safety when an external device is powered by the secondary

bat t er ﬂgﬂég}rgﬁé glxe' Atgmck et h@éneeﬁf'gp“gﬁgﬁ%@gmﬁm@éekaﬂ \%&&Rn@ fROvVer is

suppl i ed, ) _ erva tection process can be extended
pack oXRBAGIGAEASEA PBAYPIADD NS WA BB R BEISEDRR B Eecont ol
the di scharge current cutoff neans in preference to control of the
pr ot ec teixtemplr devicesatrespesifiedanse inteyvial; whdrhie issdatemdacd thea thesegondarybe
prot ect ed
battery supplies power to the external device, perform the remaining capacity
information calculation process and the remaining capacity information transmission
process using a calculated value thereof at the specified time interval, determine a state
of the secondary battery at a time interval shorter than the specified time interval, and
perform the protection process based on a determination result; and when it 1s
determined that the secondary battery does not supply power to the external device,
perform the remaining capacity information calculation process at the specified ime
interval, store the calculated remaining capacity information in nonvolatile memory,
determine a state of the secondary battery at the specified tune interval, and perform
the protection process based on a determination resuit.
In this manner, it is possible to perform the remaining capacity information
calculation process at a sufficient time interval and increase a time period to stop the

process. In addition, an execution interval of the protection process can be shortened

to enhance the safety when an external device is powered by the secondary battery
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agai nst an over-di scharge i ndependently of operation states of the
protection process neans. Therefore, even when the process for the
protection process neans is perfornmed under software control, there occurs
no del ay dependi ng on operation states of the protection process neans
during a period between detection of an overcurrent and cutoff of a
di scharge current. It becones possible to nore reliably protect the
secondary battery, reduce the circuit installation area and nanufacturing
costs, and_ easily inplenent the highly accurate protection process. For
exanpl ewithdargeyaratipnseiner dibthargeveoltageh e rWhenup gowea icsuppdiad, accunul at i on
means for outputting a signal corresponding to an accunul ated val ue for
- char ge ardutich $REALDES ﬁ%?ﬁr@ﬂ%&ﬁo&%&&%ﬂﬁé’e}ﬁéﬁd&lr%?in@reﬁw’dﬁi fodh nmeans
for establishing comunication th an external device powered by the
secondary battery; a remaining capacity information calculation neans for
cal cul aOiSIRP h’@rﬂgﬁ‘?sﬁg capacity information about a remaining capacity of
the secondary battery based on at |east an output voltage value fromthe
- vol t age det ecAcondinganghabaiftay pack pfithesprgsait ifvemtiohhéheoweraantent accunul at i on
means and transmtting remaining capacity information to the external 14
devi ce yd Jem ggﬂﬂﬁj ' '§§@ﬂ§9lﬁﬁ% : re ' means
for deqléetécr%1 ni ng e [ﬁi@%@é or b%encée%@%&%% 6%fe$&¥0r%ggcteﬁﬁerb§@condary

battery_to the, external device based on availability or unavailabi]ity of
Communi BEPFAAFCHiPR AIACRE MERRr HagnSeaus ,Hm?ﬁom%é}'&)@ﬁﬁw PG BiRlREhs at a

specified tine interval. Wien the power supply determ nation neans

det er m agsndt hatovehdisshagedadopehdentty f spepplicrestatep oivdie protddiengroesspal

device, the renmaining capacity information cal cul ati on neans
means. Therefore, even when the process for the protection process means is
performed under software control, there occurs no delay depending on operation states
of the protection process means during a period between detection of an overcurrent
and cutoff of a discharge current. It becomes possible to mor.e reliably protect the
secondary battery, reduce the circuit installation area and manufacturing costs, and
easily implement the highly accurate protection process.

For example, it may be preferable to further provide: a current accumulation
means for outputting a signal corresponding to an accumulated value for charge and
discharge currents of secondary battery; a communication means for establishing
communication with an external device powered by the secondary battery; a remaining
capacity information calculation means for calculating remaining capacity information
about a remaining capacity of the secondary battery based on at least an output voltage

value from the voltage detection means and an output signal from the current

accumulation means and transmitting remaining capacity information to the external
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cal cul ates the remaining capacity information and transmts a cal cul ated
value to the external device at the specified tinme interval, and the
protection process nmeans operates to determne a state of the secondary
battery at a tinme interval shorter than the specified tine interval. Wen
the power supply determ nation neans determ nes that the secondary battery
does not supply power to the external device, the remaining capacity

i nformati on cal cul ati on neans cal cul ates the remaining capacity information
and stores it in a nonvolatile storage neans, and the protection process
means dlsaiceds the eprgauiating racasated o powise supp detrminiionanganst fof he
specified tine interval. It is possible to reduce power consunption of the

pr ot ectdepinflhRpOHE ph@RASe aNsbsehee of FERENIAPLE ABALTHE LM RTBAHES to th
cal cul ati on neans vI\)/ithout sacsrifigi%‘@t he a}?ety of l?he secon%gr?/ beattery

or convenien of the.remaining capacit | culation. .Accordi,ng to the
cont r ol AR RER DASed B eRrp i BF Geavalinb it ch SRR n DA G? < ne
present invention, the overcurrent detection process controls the

di scharegéeroal desnce esing fife @imomuinication pnesns raé aspedified limepnterealt i SMhem ocess
based on the secondary battery's inter-electrode voltage. Consequently,

the Seﬁt@@ Blkr g@ﬁolg r&t&ﬂn%%e%ﬁ&%ﬂe@%& hlse@n @i 'bhﬂéx%ﬁs'fhggggson

i ndependent |y eration states protection process-ba
refore,. even when the, t.ion process

i nter-el ectrode voltages.. Th rote
based QPSS G PRENEOQEYI664 P& Ge0eins GHrGHHEROTHa o R UCHRIPR BN r o
there occurs no del ay dependi ng on operation states of the protection
pr oces ccalailates thearepwining chpacitein folwnainni aml teensantsaveniculated valvend theit of f - of
a discharge current. It becones possible to nore reliably protect the
secondatyeiat d&iYe at'tREYEEFiE@ifle itrbal, and the protection process means
operates to determine a state of the secondary battery at a time interval shorter than the
specified time interval. 'When the power supply determination means determines that
the secondary battery does not supply power to the external device, the remaining
capacity information calculation means calculates the remaining capacity information
and stores it in a nonvolatile storage means, and the protection process means operates
to determune a state of the secondary battery at the specified time interval. TItis
possible to reduce power consumption of the protection process means and the
remaining capacity information calculation means without sacrificing the safety of the
secondary battery or convenience of the remaining capacity calculation.
According to the control method for the battery protection processing
apparatus of the present invention, the overcurrent detection process controls the

discharge current cutoff circuit in preference to the protection process based on the

secondary battery's inter-electrode voltage. Consequently, the secondary battery can
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installation area and manufacturing costs, and easily inplenent the highly
accurate protection process. In addition, for exanple, the present

i nvention provides the control nethod conprising the steps of- further
perform ng a remai ning capacity cal cul ati on process of cal culating
remai ni ng capacity information about a remai ning capacity of the secondary
battery and performng a remaining capacity information transm ssion
process of transmtting the remaining capacity information cal cul ated by
the remaining capacity cal culation process to an external device powered

by the Isemottded agmnstenyvebassetage indegendshtly bfoparhtion elaesstafalle vol t age
bet ween el ectrodes of the secondary battery and an accunul ated val ue for

or osencaebr AR TR S prt linte Heo U HRRRE YThlRhhE g Pl T P

ext ernal devi ce based on avail abili tci/ or unavail ability of conmmunication
Wit h t HEOSeteRPEpcegebases ait infersgleetrgdesenliagae is perkarngd: ungdies sofitwases

determ ned that the secondary battery supplies power to the external

devi ce, camerdl Sheie@ciiiiend éelay ﬂbp@ndiﬁ@@ﬁ@?bﬂatﬂoﬂfs%tﬁﬁbf 08 p7lcebRptRBsPr 0CESS
and the remaining capacity Iinformation 16 transm ssion process using a

Crare i oliad B0 Pled R A AR iR B B diclfif ol ©

specified time interval, and perform ng the protection process based on a
det er ni iaec@nes pessitle to mege ly pratectdlae spoondany hatery, reducedbenitaniy battery
does not supply power to the external device, perform ng the remnaining

o PR UL e cbmratEaly RN N Wk v
protection process.

In addition, for example, the present invention provides the control method
comprising the steps of:  further performing a remaining capacity calculation process
of calculating remaining capacity information about a remaining capacity of the
secondary battery and performing a remaining capacity information transmission
process of transmitting the remaining capacity information calculated by the remaining
capacity calculation process to an external device powered by the secondary battery
based on at least the inter-electrode voltage between electrodes of the secondary
battery and an accumulated value for charge and discharge currents of the secondary
Dattery; determining the presence or absence of power supply from the secondary
battery to the external device based on availability or unavailability of communication
with the external device at a specified time interval; when it is determined that the

secondary battery supplies power to the external device, performing the remaining

capacity information calculation process and the remaining capacity information
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nonvol atile nenory, and determ ning a state of the secondary battery at the
specified time interval, and perform ng the protection process based on a
determ nation result. Accordingly, it is possible to reduce power
consunption during execution of the protection process and the remaining
capacity information cal cul ati on process without sacrificing the safety of
the secondary battery or convenience of the remaining capacity

cal cul ati on. BRI EF DESCRI PTI ON OF THE DRAW NGS FI GS. 1A and 1B present
graphs show ng vol tage and current changes when discharge and overcurrent
occur itransmipsien predeshusiag evaknyatpdyakieyherrpt the spesiBedimenniaryal)
configuration exanple of a conventional battery pack; FIG 3 schematically

di agr angetbighingipy/a S@td ofthd s&sorklary PAtct) Ay & BimomedrvRiadhogtey tRaake spddifed 4

shows an internal configuration exarsg?e of a battery pack according to 17
an enbodi ment of t esent .inventi.on; FIG ,5 is a Rkl ock.diagram,show ng
2§ nt SIERREBYA AL AT ST as SO Ko progess bisestauta pREau Ry B it
FIG 6 is a graph show ng voltage changes of the battery cell during

char ge; and*wt& itAddetermingd that tesecorslany batterfidoeamohgpply powesioghal s from
reset circuits, and power supply voltages of the battery cell and the

m cr oc O%Et%[‘?fal 86vicE \fePforfin B BR36HE WBbdSH hiomRenRAISat R frieRier
supplie uring
the specified time interval, storing the calculated remaining capacity information in
nonvolatile memory, and determining a state of the secondary battery at the specified
time interval, and performing the protection process based on a determination result.
Accordingly, it is possible to reduce power consumption during execution of the
protection process and the remaining capacity information calculation process without

sacrificing the safety of the secondary battery or convenience of the remaining

capacity calculation.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A and 1B present graphs showing voltage and current changes when
discharge and overcuirent occur in a lithium=on secondary battery;
FIG. 2 shows an internal configuration example of a conventional battery
pack;
FIG. 3 schematically diagrams battery cell states of the conventional battery
pack;_ |

FIG. 4 shows an internal configuration example of a battery pack according to



startup and stable operations of the mcrocontroller; FIG 9 is a flowhart
showi ng a mcrocontroller process imediately after startup; FIG 10 shows
state transition of battery cell voltages; FIG 11 shows in detail a flow
of state transition control; FIG 12 shows an internal configuration

exanpl e of an overcurrent detection circuit; FIG 13 is a graph show ng
changes in consunption currents during video canera operations; FIG 14
shows an i nternal configuration exanpl e of a fuel gauge; FIG 15

i1 lustrates changes m crocontroller's operation nodes; FIG 16 is a

f I owe hAREDEHBIRE gt%t%s@é%mnwm%f m crocontrol | er processes; FIG 17 is
a flowhart showing a battery protection process by the mcrocontroller;

18 FIG 18 i §FI@. Sliowehaktdia mslﬁ)van efdhteid cbafipernion apaspie/oftal cul ation
process by the mcrocontrol and IG 19 shows an internal configuration

exarrple of att.e S|ng a plurality of serially connected battery
cel I s. &%?_CEHOBEM OF THE PREFERRED EMBODI MENTS An enbodi nent of

the present invention will be described in further detail with reference to
t he acconpanyilg6ds agramsshowing voltage changes of the battery cell during charge;

FIGS. 7A through 7C show relationship among output signals from reset
circuits, and power supply voltages of the battery cell and the microcontroller;

FIGS. 8A and 8B schematically show paths of the power supplied during
startup and stable operations of the microcontroller;

FIG. 9 is a flowchart showing a microcontroller process immediately after
startup;

FIG. 10 shows state transition of battery cell voltages;

FIG. 11 shows in detail a flow of state transition control;

FIG. 12 shows an internal configuration example of an overcurrent detection
c_ircuit;

FIG. 13 is a graph showing changes in consumption currents during video
camera operations;

FIG. 14 shows an internal configuration example of a fuel gauge;

FIG. 15 illustrates changes of microcontroller's operation modes;

FIG. 16 is a flowchart showing an overall flow of microcontroller processes;

FIG. 17 is a flowchart showing a battery protection process by the

microcontroller;
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FIG 4 shows an internal configuration exanple of a battery pack according
to an enbodi nent of the present invention. The battery pack according to
the present invention is an integrated package of a secondary battery and
a circuit that inplenents a process function to display the renaining
capacity of the secondary battery and the protection function agai nst
abnormal states of the secondary battery. The enbodi nent uses a lithiumion
secondary battery having such di scharge characteristics that a di scharge
vol tage decreases relatively gently and |linearly. The use of such
secondary batfiler 8 sk dovichartshewing & remaiaigpaitasy gaprsitycalaufasionemai ni ng
battery capacity and display it in terns of available remaining tine, for

exanpl eroddds bpaké afivroRasifollst; th@ 4 has: a battery cell 1 conprising the
lithiumion 35econdary battefy; an integrated processing circuit 2 forned

on the sane Lconduct or. substrate ta control operations .of .the

above- nent i oﬁzg}r'npl;géggg’é afldﬁféﬁ?%ﬁoﬁ g{g OHP%IPB%%%E’WWBM HPAG 2pat tery

capacity and the protection function; protection switches SWL and SW2 for
di schampderatityhof ssirialipdonhectegd betbertyroells. a current detection resistor Rs; a
capacitor C to stabilize output voltages; resistors RRhl and RRh2 to set

threshol d values; and a thermstor 3 to detect the tenperature of the
battery cell 1. In the battery pack, the protection switches SWL. and SW2

Cour ce.and inELaTLR DESEHRIOR bR REER R RReD Al bEHIMENT s T ches

SWL. and SW2 can turn off a discharge current and a charge current,
respecti vel y. Anémbotimentatfitles presend interition will be described in further detail

with reference to the accompanying drawings.

FIG. 4 shows an internal configuration example of a battery pack according to
an embodiment of the present invention.

The battery pack according to the present invention is an integrated package of
a secondary battery and a circuit that implements a process function to display the
remaining capacity of the secondary battery and the protection function against
abnormal states of the secondary battery. The embodiment uses a lithium-ion
secondary battery having such discharge characteristics that a discharge voltage
decreases relatively gently and linearly. The use of such secondary battery makes it
possible to accurately detect the remaining battery capacity and display it in terms of
available remaining time, for example.

The battery pack in FIG. 4 has: a battery cell 1 comprising the lithium-ion
secondary battery; an integrated processing circuit 2 formed on the same

semiconductor substrate to control operations of the above-mentioned process function
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charged, a charger is connected to the positive electrode termnal Ebl and
the negative electrode termnal Eb2, and the protection swtch SW turns
on. When a device as discharge load is connected to the positive el ectrode
termnal Eb 1 and the negative electrode term nal Eb2, the protection
switch SW1, if turned on, allows the device to be powered. The integrated
processing circuit 2 is powered fromtwo points, i.e., power supply
terminals CPinl and CPin2 that can be selectively used in the integrated
processing circuit 2. The power supply termnal CPinl is connected to a
posi ti vier ing the reneniog bialeryoeapreity ané e groteution fppttices paotectidrage of

the battery cell | (hereafter referred to as a cell voltage) to the

i nt egr | DI} rm 02 1S
connact o s TETE S W PL tsclarad CBnBRRAId QR Kol Fedcalfeidich
described | ater, when a cell valtage is extrenely |lo he power supply
For m SISt 2 AREGIB S D bige OFipah Y ONEcSnEssiears fsh biod REb fonget

i ntegrated processing circuit 20 2. Operations of the protection swtches

SWL. andhftholthvalbes; apd echednistos Grididetect the teniperatureoditthgBattéyasliout put
termnals DS and CHG respectively. The integrated processing circuit 2

¢ h . ) . { _ = . i nal ADG
o comneot on e pUBEYHIRIC BRHORLEMIWILETSIA i 3 RMicclitede! | 0T T
_terrri nm and. C?N are cqonnected, to both ends of the resistor Rs. ~An

i nput t T eguvrlsngly comtrapingdhe diadedictwaen fiessonregeansl thedraile  t er mi nal

Ebl and the protection switch SW2. An input/output termnal UART is used
for coragofdiagit@thettuetaede The roeoidresittlids SWa il SWcapakn 8ffd i S

connect ed
discharge current and a charge current, respectively. When the battery cell 1 is
charged, a charger is connected to the positive electrode terminal Eb1 and the negative
electrode terminal Eb2, and the protection switch SW2 turns on.  When a device as
discharge load is connected to the positive electrode terminal Eb1 and the negative
electrode termunal Eb2, the protection switch SW1, if turned on, allows the device to
be powered.

The integrated processing circuit 2 is powered from two points, i.e., power
supply terminals CPinl and CPin2 that can be selectively used in the integrated
processing circuit 2. The power supply terminal CPinl is connected to a positive
electrode side of the battery cell 1 and supplies a voltage of the battery cell 1 (hereafter
referred to as a cell voltage) to the integrated processing circuit2. The power supply
terminal CPin2 is connected between the protection switches SW1 and SW2. As will

be described later, when a cell voltage is extremely low, the power supply terminal

CPin2 can supply voltage from the charger to operate the integrated processing circuit
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to a device's communication termnal via the control termnal 4. An output
termnal VAA outputs a 3.4 V reference voltage (operating voltage of the

i ntegrated processing circuit 2). The reference voltage fromthe out put
terminal VAAis divided by the resistors Rihl and RRh2 and is applied to
an input termnal ODL An output term nal TERM outputs a control signal for
the therm stor 3. An output signal fromthe thermstor 3 is supplied to an
input termnal AINO. FIG 5 is a block diagram show ng an internal
configuration exanple of the integrated processing circuit 2. As shown in
FI G 5,2.t H@pemtiegs af 8t powctses switchés SW I artl BWdhcnybesripoted ascadingdeer
supply circuit 10, an overcurrent detection circuit 20, and a

m croc . 1 ISty er conprises: a
Char go P8 \difaged frop] OfoRPUERHE DY o CHIG, redlo b B Y The

m crocontroller 30 with drive volta esﬁind reset circuits 13 and 14 to
reset the rniBIoSGEREAPEPCEIHNZEICHER S MREEHEOBIFHESHAFIOUs NP/ 03Pt s a

vol tage supplied fromone of the power supply termnals CPinl and CPi n2

and boastgiale Voh igae tdndndl ADCinfs t¢omireetedibehe pbyitve eleegodaside ofthe
stabilizes the input voltage boosted by the charge punp circuit 11 to 3.4

vol taga A8 Pty EaltodRibeR P B CRM X Bhedta 1 bSEPRSTHA * Tom e

output termnal VAA and is also supplied to the reset circuits 13 and 14.
The redésisorBeui tAn 1pudtermunalddYINHs oennecieshbrivgen the posibvipeleetrede out put
voltage fromthe |inear regulator 12 with the reference voltage. According

to terminal Eb1 and the protection switch SW2. An input/output terminal UART is

used for communication with a device mounted with the battery pack and is connected
to a device's communication terminal via the control terminal 4. An oufput terminal
VAA outputs a 3.4 V reference voltage (operating voltage of the integrated processing
circuit 2). 'The reference voltage from the output terminal VAA is divided by the
resistors Rth1 and Rth2 and is applied to an input terminal ODI.  An output terminal
THRM outputs a control signal for the thermistor 3. An output signal from the
thermistor 3 is supplied to an input terminal ATNO.

FIG. 5 is a block diagram showing an internal configuration example of the
integrated processing circuit 2.

As shown in FIG. 5, the integrated processing circuit 2 broadly comprises a
power supply circuit 10, an overcurrent detectton circuit 20, and a microcontroller 30.
The power supply circuit 10 further comprises: a charge pump circuit 11 and a linear
regulator 12 to supply the microcontroller 30 with drive voltages; and reset circuits 13

and 14 to reset the microcontroller 30.
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conparison results of the conparator, the reset circuits 13 and 14 vary
output levels of a power-on reset signal (hereafter referred to as signal
POR) and a power fail warning signal (hereafter referred to as signal PFW
to control startup operations of the mcrocontroller 30. The reset circuit
13 sets the signal PORto the L level when the I|inear regulator 12 outputs
a voltage greater than or equal to the mninmumvoltage (2.7 V in the
enbodi ment) needed to start the mcrocontroller 30. The reset circuit 14

ol tage gr car o cikane Grbdfic F58se FPobif npBReL gRen gt el ™ °

embodi ment) needed to stably operate the mcrocontroller 30. Qutput
si gnal §upryrﬁemmar1%€é’nnlcand; Pirg agl bonstsithe aoliagé hpuimevontwieset Ther ni nal
(not shown) that detects reset timng of the mcrocontroller 30. The

ouer cutesielant Lol Adrbugkneeitsent alesibeomantel ioge

between input” termnals CSN and

overcur detection circuit 20 notifies thjs.to the mcracontroller 30
(pu 35, 750 Rilmd Vofdetioin BF HASeY regiattiol 1S HED UYL & FREAONGE® | on
circuit 20 controls the protection switches SW and SW2 and perforns an

oper at ithe:miorqeovtreter 3the Biat vetpyt voledge it oufpue fiont thermitpaompfrngial 31on of the
overcurrent detection circuit 20 will be described |later with reference to

FI G 12&“‘1155513%%29%2‘??ﬁ‘ﬁgsﬂeééﬁgﬁ%{?%@w ed to connect the following with

each other via ntral Processing Unit) 3 1; a

54 EEpROM ( ISRy L3 2d el DGV asaBIRarRoN OSTPHe FRkPs, & VAl ch

o T rzaorltagz 33?0?1? the linear regulator 12 with the reference voltage. According to
comparison results of the comparator, the reset circuits 13 and 14 vary output levels of
a power-on reset signal (hereafter referred to as signal POR) and a power fail warning
signal (hereafter referred to as signal PFW) to control startup operations of the
microcontroller 30.  The reset circuit 13 sets the signal POR to the L level when the
linear regulator 12 outputs a voltage greater than or equal to the minimum voltage (2.7
V in the embodiment) needed to start the microcontroller 30. The reset circuit 14 sets
the signal PFW to the L level when the linear regulator 12 outputs a voltage greater
than or equal to the minimum voltage (3.0 V in the embodiment) needed to stably
operate the microcontroller 30. Output signals from the reset circuits 13 and 14 are
mput to a reset terminal (not shown) that detects reset timing of the microcontroller 30.

The overcurrent detection circuit 20 detects a current value from a voltage

between input terminals CSN and ODI.  When detecting an overcurrent, the

overcurrent detection circuit 20 notifies this to the microcontroller 30 (CPU 31) by
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AD converter 38; a fuel gauge 39; an 1/0 port 40; a conmunication I/F
(interface) 41; and an FET driver 42. The rnicrocontroller 30 contains
clock oscillators 44a and 44b that generate instruction clocks with
different frequencies (32 kHz and 6 MHz) to operate the respective bl ocks.
The CPU 31 reads and executes progranms stored in programnmenory 32 and
EEPROM 35 to control the overall operation of the mcrocontroller 30. The
program nenory 32 is a nonvolatile storage nedi um and previously stores a

programt.o er.af e_each t of the mcraconfroller. 30. ) previously
stores Ila%%rléoﬁﬁa"{lf? U %'i kggﬁ]é%rdﬁ@ qv(ngcqq@t%g%cégn PBC'élﬁzaﬁPﬁu?ﬂ%gg%rogram RAM
34 conprises SRAM (Static RAM, for exanple, and tenporarily stores part

of t he protegtamseitches W lband 882 SRUp&fomnsiameperatier tepiotant the wayteam
processes. In addition, the mcrocontroller 30 has EEPROM 35 as

xocut Siny e pahCorHE R e oFERRHP Kl BRI ATHRE RS 53 Lhem.

as needed. . The tinmer. 36 neasur the time needed for each part of the
m croc qr&bq%égtqgoylﬂquf@r%@%lgﬁgg&.i mer 37 nonitors conmmands executed by
the CPU 31 based on the tinme neasured by the tiner 36. Wien it is

det er mi ned t idte mivwosystadier BOristorfigaed ab oot the, follb@ingtith edel ottierer 37
automatically resets the microcontroller 30. The AD converter 3 8 converts

0 3k A A BB LA BTy RO 0 12
M T e O Orly Momory) $5 AN (Random Acooss Memors) 34 Bhpkoap o &' seharge
(Electrically Erasable Programmable ROM) 35; a timer 36; a Watch Dog Timer 37; an
AD converter 38; a fuel gauge 39; an I/O port 40; a communication I/F (interface) 41;
and an FET driver 42. The microcontroller 30 contains clock oscillators 44a and 44b
that generate instruction clocks with different frequencies (32 kHz and 6 MHz) to
operate the respective blocks.
The CPU 31 reads and executes programs stored in pfogram memory 32 and
EEPROM 35 to control the overall operation of the microcontroller 30. The program
memory 32 is a nonvolatile storage medium and previously stores a program to
operate each part of the microcontroller 30. ROM 33 previously stores data and the
like needed for the CPU 31 to execute the program. RAM 34 comprises SRAM
(Static RAM), for example, and temporarily stores part of the program executed by the
CPU 31 and data needed for program processes. In addition, the microcontroller 30

has EEPROM 35 as nonvolatile memory. The EEPROM 35 is capable of not only

storing software executed by the CPU 31 and configuration data, but also rewriting
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vol tages and tenperature of the battery cell 1, the presence or absence of
the charger to be attached, and the presence or absence of a charge
voltage to be applied. The fuel gauge 39 is a circuit that counts the
anount of current flowing into the battery cell 1 fromthe voltage between
the input termnals CSP and CSN and accunul ates current val ues. The
accunul ated current value is output to the CPU 31 and is used to calcul ate
the remai ning capacity of the battery cell 1. The. internal configuration
of the fuel gau e 39 will. be described later with reference to FIG 14.
The I/Cﬁ¥%ﬁ -used for data input to or output fromvarious

| nput/output termnals. For exanple, the 1/0 port 40 outputs a control

signal from tTke Gitler 36 hensutdiahe uhieeded fmaich PaMfiRe a9RtJcohtroR&! 3.1 ons
of the thermstor 3. A communication |I/F 41 is™an interface circuit used

cormunt LHE P 74 YiieE 7 oS col BB EaPblt by S FL S H RS in ey ¢ ne

remai ning capacity of the battery cell 1 and 24 transmts the information
t o t he @&gimgeasu e timends. 4When inisdletararined thatihe systemmterrmhateper at i ons
of the protection sw tches SWM and SW2 for discharge and charge control .

The FETalHdrRllyBe vaREK 8bLBnRe ST RmaeRtIly Hessts aihaﬂrﬁcrae@a-dﬁ& 3gPU 31 and

the overcurrent detection  circuit 20. In“the integrated processing circuit
capaci ty of ¢ RSB FERFTee PRV Signie Fo L ebupBRBER, At adin of
the battery cell 1 is mainly inplenented under control of the
, and PCKP into digital signals and supplies them to the CPU 31. In this
maner, the microcontroller 30 can acquire information such as charge and discharge
voltages and temperature of the battery cell 1, the presence or absence of the charger to
be attached, and the presence or absence of a charge voltage to be applied.
The fuel gauge 39 is a circuit that counts the amount of current flowing into
the battery cell 1 from the voltage between the input terminals CSP and CSN and
accumulates current values. The accumulated current value is output to the CPU 31
and is used to calculate the remaining capacity of the battery cell 1.  The internal
configuration of the fuel gauge 39 will be described later with reference to FIG. 14.
The 1/O port 40 is used for data input to or output from various input/output
terminals. For example, the I/O port 40 outputs a control signal from the CPU 31 to
the output terminal THRM to control operations of the thermistor 3. A
communication I/F 41 is an interface circuit used for communication with a device

mounted with the battery pack. The communication I/F 41 chiefly receives

information needed to display the remaining capacity of the battery cell 1 and
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m crocontrol l er 30. Specifically, the mcrocontroller 30 uses the

I nformati on such as voltages and tenperatures acquired by the AD converter
38 to detect overcharge and over-discharge states of the battery cell 1.
The m crocontroller 30 controls the protection switches SWA and SW2 for
charge and di scharge and the like to protect the battery cell | against

t hese abnornal states. To inplenent the protection function, the

m crocontroller 30 needs to stably operate w thout mal function. During

nor mal oper a{siﬁﬁns ho ve{g t;ie . mcrocontroller 30 duly uses output

vol t ag ¢ FHPIBIOL I the fle¥ice, nower source.  Qutput vol tages of the
battery cell 1 greatly vary with situations. It is difficult to stably
oper ate the niterldebuiiver 42is Barivércimuitao contrebdperatitnissofithe pkeerdion st abl y
operate the mcrocontroller 30, the present invention controls startup
operati ) : ' t Sl |s fromthe
reset CS%??&%% §W§a‘é&r}§g¥§?l n 1%@5&%%%\2?@3%% yﬂgi r?&%ﬁg&lﬁﬁpggdi tion, the .
present invention selects a voltage as_a_ 25 power source supplied fromthe
bat t er PREEALES ‘135513@1%‘}@@“@11&1&@@15 fran et &Y 3 hang thepierapyentgigtaetion accor dance
with states of the battery cell 1. In this manner, peripheral circuits

such asitché J0ower supply circuit 10 and the |i ke and the m crocontroller 30
into a single chip. [Startup control of the mcrocontroller] The foll ow ng

operating t hab e REREr PR She Rl (R p R B RRI D0 h e Cen8h i L for

the mcrocontroller. 30 because it ] .
processes to display the remaining capacity of the battery cell 1.  In addition, the

protection function of the battery cell 1 is mainly implemented under control of the
rnic:oconiro]ler 30. Specifically, the microcontroller 30 uses the information such as
voltages and temperatures acquired by the AD converter 38 to detect overcharge and
over-discharge states of the battery cell 1. The microcontroller 30 controls the
protection switches SW1 and SW2 for charge and discharge and the like to protect the
battery cell 1 against these abnormal states.

To implement the protection function, the microcontroller 30 needs to stably
operate without malfunction. During normal operations, however, the
microcontroller 30 duly uses output voltages of the battery cell 1 as a power source.
Output voltages of the battery cell 1 greatly vary with situations. It is difficult to
stably operate the microcontroller 30. In order to solve this problem to stably operate
the microcontroller 30, the present invention controls startup operations of the
microcontroller 30 according to output signals from the reset circuits 13 and 14 in the

power supply circuit 10. In addition, the present invention selects a voltage as a
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controls the protection function for the battery cell 1. However, the
secondary battery nay be subject to a remarkabl e decrease in the cel
voltage due to self-discharge and a short circuit due to overcurrent. Such
vol t age decrease nmay cause a voltage supplied to the mcrocontroller 30
fromthe power supply circuit 10 to be |ower than the operating voltage
(3.4 Vin the enbodi nent) of the mcrocontroller 30. In this case, the

m crocontroll er 30 cannot operate stably. If the battery cell 1 is |left
unused for a Ion% %qu th attery vglta e may decrease to O V. In this
case, VB APHERPUPRled from: epecelhhpge thashssgerconneeed & therhattery

m crocontroller 30. To stably operate the mcrocontroller 30, for exanple,

it may peekpoastdatiendeowith vtatdsasf the Bugaytdall 101 MnthigeAticatpetiphval taegitof the
m crocontroller 30 to a smaller value (e.g., 1.8 V). This nethod can

m or oconeh o PEPaE suphl oS HT AR HRON SR SBEI FonBRBeLH 1 21 ot es o
the mcrocontroller 30 nor ensure stable operations of the protection

funct i singleehikecordingly, the microcontroller 30 needs to be designed so as
to stably operate the protection function by always considering the case

wher e tiRerRy dopino] 68 tHe thidFBdortegf t unused for a long time and the
battery voltage nay approxinmate 0 V. The foll ow ng descri bes an exanpl e of

t he enbodi ne by \assuni,ng t he cas where the cell voltage.beconmes 0 V.
Similar cont rote PHOREE ﬁﬁ%&l}o\?)ﬁ gﬂﬂ%{ﬁl@p@éﬁ}ons%p@%g A édie U‘?erQ:,rt op the
m crocontroller 30 (shutdown state). FIG 6 is a graph show ng voltage
changesstaifly operabiagtae mieeconttolftrrilng charge.  When the battery cell 1 is
charged, a charger is connected to the positive
Stable operations need to be ensured for the microcontroller 30 because it
controls the protection function for the battery cell 1. However, the secondary battery
may be subject to a remarkable decrease in the cell voltage due to self-discharge and a
short circuit due to overcurrent.  Such voltage decrease may cause a voltage supplied
to the microcontroller 30 from the power supply circuit 10 to be lower than the
operating voltage (3.4 V in the embodiment) of the microcontroller 30. In this case,
the microcontroller 30 cannot operate stably. If the battery cell 1 is left unused for a
long time, the battery voltage may decrease to 0 V. In this case, the battery cell 1
cannot be charged under control of the microcontroller 30.
To stably operate the microcontroller 30, for example, it may be possible to
further reduce the minimum operating voltage of the microcontroller 30 to a smaller
value (e.g., 1.8 V). This method can decrease the possibility of causing unstable

operations of the microcontroller 30. However, the method cannot solve unstable

states of the microcontroller 30 nor ensure stable operations of the protection function.
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el ectrode termnal Eb 1 and the negative electrode termnal Eb2. FIG 6
shows not only changes in the cell voltage charged fromO V, but also
changes in output current values fromthe charger. \Wen the cell voltage
is extremely low such as 0 V, the battery cell 1 may be deteriorated or
may be subject to a small anmount of short-circuiting between el ectrodes

I nside, causing a problemwth reliability and safety. In consideration for
this, as shown in FIG 6, it has been a conventional practice to set the

charge gcurrent.to as.low as,approxinmately 50 through 1 mA supplied from
the ch E@FS%W ﬁlﬁe %u‘gﬁﬁ%‘?tf‘ﬁ?&%%ﬂeﬁgs e é%ﬁlgl?ﬁ?gm %Ftt@ls;tﬁ%g}’ PB@TE‘%@EC har ge
startup. Since an initial charge current is applied in this nmanner, the

cel | vgiroegtondmdtion bicaleaye sonsiledng theeaspadiefs e Hattory calel heg.belek
changer shifts to a normal operation and outputs a constant current of 680

mA. Tha&%&@kmioﬂgt@ﬁ%%@%ybrﬁﬁw %pfa%%gy H@ﬁ&ﬁi&é@tw enbodi nent reveal s

a discharge capac according hout capacitance
measurenent. 27 The cell is_charged at a constant current of 1C (680nA).
When the cel IThesfollayang fesceibes an example of the embodimentdey ssspminghetrasge
detection, the protection switch SW turns off (or output control is

provi deghdrealie télevehatedeicpnted K¥epSitBarc®ntro¥ & ragRiedtwheh the cMIt hereaf ter.
According to the enbodinent, the mcrocontroller 30 is supplied with the

Fuly ChOVER RO Bt ARE B Y0 BBt PRIl on vol e,

Accordingly, the discharge termnation voltage is [ower than the power
suppl y vol t ag8Co 1§ hearaplcsho veiagtioliage ehagges of the battery cell 1 during charge.

When the battery cell 1 is charged, a charger is connected to the positive
electrode terminall Ebl and the negative electrode terminal Eb2. FIG. 6 shows not
only changes in the cell voltage charged from 0 V, but also changes in output current
values from the charger. |

When the cell voltage is extremely low such as 0 V, the battery cell 1 may be
deteriorated or may be subject to a small amount of short-circuiting between electrodes
inside, causing a problem with reliability and safety. In consideration for this, as
shown in FIG. 6, it has been a conventional practice to set the charge current to as low
as approximately 50 through 100 mA supplied from the charger during a specified
time period immediately after the charge startup.  Since an initial charge current is
applied in this manner, the cell voltage gently increases.  After the specified time
period, the changer shifts to a normal operation and outputs a constant current of 680
mA. The lithium-ion secondary baitery cell used for the embodiment reveals a

discharge capacity of 680 mAh according to the 5-hour capacitance measurement.
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The di scharge voltage of the battery cell 1 needs to be boosted and
supplied to the mcrocontroller 30. For this reason, the power supply
circuit 10 is provided with the charge punp circuit 11 and the |inear
regulator 12. That is to say, a voltage input to the charge punp circuit
11 is boosted twice or 1.5 tines. The voltage is regulated to 3.4 Vin the
| inear regulator 12. Further, it is necessary to provide timng to stably
start and operate the mcrocontroller 30. For this purpose, the reset

circuits 13 .and. 14 e provided to use onparator to caonpare out put
vol t agelht Fehiaraad A arcoreiar seented 1g (S0mKb). r eiendhe cllvpliagse. FI Gs. 7A
t hrough 7C show rel ationshi p anong output signals fromthe reset circuits

13 and redchesnt2pdipee., awplthye forl dvegesrgs détbaidﬁgltﬁee%ﬂ)t&@ibh swiRRGWhe

m crocontroller 30. The charger is connected to the positive el ectrode

e Shownn Ot & Cub et SR R ARG e B T MRy WAttt of 50

t hrough 100 _mA. Consequently, as shown in FIG 7A, the cell voltage
gr adual4-§5i\ﬁﬂ1€é%€§?@§-. When the cell voltage reaches 1.2 V, for exanple, the
power supply circuit 10 starts. At this tinme, the charge punp circuit 11

boosts the i ngutorditlgt @dRe eMbRimAs, HleaMrdébitoBer 3Bis dpplh sHiacarty el I er 30
is supplied with the voltage of 2.4 V (timng T41). The power supply

kB AGSE, R ) R B BB VP bl
the voltage and the 3.0 V discharge termination voltage. Accordingly, the discharge
termination voltage is lower than the power supply voltage of the microcontroller 30.
The discharge voltage of the battery cell 1 needs to be boosted and supplied to the
microcontroller 30.  For this reason, the power supply circuit 10 is provided with the
charge pump circuit 11 and the linear regulator 12.  That is to say, a voltage input to
the charge pump circuit 11 is boosted twice or 1.5 times. The voltage is regulated to
3.4V in the linear regulator 12.
Further, 1t is necessary to provide timing to stably start and operate the
microcontroller 30.  For this purpose, the reset circuits 13 and 14 are provided to use
a comparator to compare output voltages from the linear regulator 12 with the
reference voltage.
FIGS. 7A through 7C show relationship among output signals from the reset
circuits 13 and 14, and power supply voltages of the battery cell 1 and the

microcontroller 30.

The charger is connected to the posifive electrode terminal Ebl and the
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m crocontrol l er 30 or reaches a voltage slightly |ower than the m ni num
voltage. After the charge starts, the cell voltage may unstably increase
due to short circuit between contacts of the battery cell 1 or a snall
amount of short circuit inside the cell. In consideration for this, the
capaci tance of the capacitor Clconnected to the output side of the linear
regulator 12 is configured to offset the voltage fluctuation and stabilize
an out put voltage. Wen the output voltage fromthe power supply circuit 10
does not reach the voltage Vpor, the signals POR and PFWfromthe reset

ci r cui megdtdveatieciteietorthimgbEba to staet dHatgingl As shbewnniFIGr6Gthe@argien t he
out put voltage fromthe power supply circuit 10 reaches the voltage Vpor

ther_eafsﬁ% sftﬁg;]@ﬁﬂraiargm&érﬁmgb%nfoﬁgﬁtmgie ui tc&%egcon I,gggfggwn level

(timng Stimmng 1s used to provi e mcr with a
reset timpng. The mcrocontroller 30 starts when the supplied power supply
vol tagylaegghg? ‘z‘ﬁr@(}ﬁ@g@rﬁa‘i}{ﬂuﬂdﬁge@%r . Véher thergedl vlisee sepcliss dag, i s
insufficient, the 29 mcrocontroller 30 may continue to operate unstably

and, i focensgsisehepoveshaysly chicutiOctdrtsy . Abthiotime, thBichaeqlgpirtiie syst em
of the mcrocontroller 30 is reset at the timng when the signal POR goes

oper at SRESSE s LR (ORAG ke RS SR PR FIE: 2Bt mEhObcle PR raz,

for exanple, the systemis configured to initialize only registers in the
CPU 31 sepphiaskwrhih3dyokiage ofch-4 ih{timing 7t he battery cell 1 for protection

processes. As the cell voltage further increases, the voltage supplied to

tS [12 blrr;cr ocontThelpeever3dppEagias 100k wohBgdreNto strtwhet iR VolBigeWEppREd ROe tO
the microcontroller 30 reaches the minimum voltage Vpor (2.7 V) for starting the
microconfroller 30 or reaches a voltage slightly lower than the minimum vol1;ag6.
After the charge starts, the cell voltage may unstably increase due to short circuit
between contacts of the battery cell 1 or a small amount of short circuit inside the cell.
In consideration for this, the capacitance of the capacitor C1 connected to the output
side of the linear regulator 12 is configured to offset the voltage fluctuation and
stabilize an output voltage.

When the output voltage from the power supply circuit 10 does not reach the
voltage Vpor, the signals POR and PFW from the reset circuits 13 and 14 both go to
the H level as shown in FIG. 7C.  When the output voltage from the power supply
circuit 10 reaches the voltage Vpor thereafter, the signal POR from the reset circuit 13
goes to the L level (timing T42). This timing is used to provide the microcontroller

30 with a reset timing.  The microcontroller 30 starts when the supplied power supply

voltage reaches around the voltage Vpor. Since the applied voltage is insufficient, the
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operate the mcrocontroller 30. At this time, the signal PFWfromthe reset
circuit 14 goes to the L level (timng T43). It is determ ned that the

m crocontroller 30 is capable of normal operations. The systemstarts
readi ng configuration values for protecting the battery cell 1. The
protection function starts operating. As nentioned above, the

m crocontroll er 30 does not start until the power supply voltage supplied
to the mcrocontroller 30 reaches a value sufficient for the startup. The

m crocontroll er 30 hs autonatically initialized inmediately after the
st ar t upricERRaniFoller 34 &ngy coripya(te SPFrate wostallz endoin consequenpd hshevect i on
process of the battery cell 1 until the power supply voltage reaches a

val ue tepratically.e B sblve tl@is?ﬁr@lﬂbﬂf,l&}e shRtetn 00 lcroEMRMes 30 hereset at the
m crocontroller 30 fromstarting in an unstable state to behave

Cuch B PR AR ASeRIOhET REL | LR Pfeh MR Bl Gl 1 s

such as the reset «circuits 13 and 14. The circuitry can be easily
i nt egr staddlizsubsequentepseiioos afithetmicramnsutlier B8t e as the nicrocontrol | er
30. When the cell voltage is set to O Vor a simlar state, a voltage

suppl i ed fromt thBebeoeientiened ¥inlif W?for@ﬁhﬁrbl@%%ﬁstérh% &org] ged to

m crocontrol ler 30. After the charge Starts, “howev the ¢ er stably

lies.it. . I I | | h
cpeci  AbieliZs Bl bisee STt p T tiReESRL hEand B atias B By Bfbicess: ng
circuit 2, the systemstarts the mcrocontroller 30 using a charger's

(():g_t pgt Ivisir paefection processesol Baghe selppoitage further incecasesythe soipggeysupplied nal
e to the microcontroller 30 reaches Vpfw (3.0 V), i.e., the minimum voltage to stably
operate the microcontroller 30. At this time, the signal PFW from the reset circuit 14
goes to the L level (timing T43). It is determined that the microcontroller 30 is
capable of normal operations. The system starts reading configuration values for
protecting the battery cell 1.  The protection function starts operating.

As mentioned above, the microcontroller 30 does not start until the power
supply voltage supplied to the microcontroller 30 reaches a value sufficient for the
startup. The microcontroller 30 is automatically initialized immediately after the
startup.  Further, the microcontroller 30 does not start the protection process of the
battery cell 1 until the power supply voltage reaches a value to enable stable operations.
This control prevents the microcontroller 30 from starting in an unstable state to
behave erratically and operating the protection function incorrectly.  In addition, such

control is implemented through the use of minimal analog circuits such as the reset

circuits 13 and 14. The circuitry can be easily integrated on the same semiconductor
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FI GS. 8A and 8B schematically show paths of the power supplied during
startup and stable operations of the mcrocontroller 30. FIG 8A shows a
power supply path when the charge starts with the cell voltage set to 2.2
Vor smaller. At this tine, the mcrocontroller 30 is in inactive
(shutdown) state. The protection switches SWL and SW2 are both turned on.
When the power supply termnal CPin2 is selected for input to the charge
punp circuit 11, the mcrocontroller 30 can be supplied with the power and
start. After the mcrocontrgller 30 starts, a tinme period is needed until

t he poWﬂﬁmngﬁﬁﬁﬂbe@Hpﬁéﬁﬁuﬁﬁ%H§Q4 zes in some degree. During this period,
the mcrocontroller 30 operates on a voltage supplied fromthe charger.

The CPU 31 peWhenithe ae]ﬂ)!volt@%éisfs@t todBVesta difidlar biag:, caa}dltag@kﬁ%%drﬁ@:ﬁhes the
specified value (2.5 V in the enbodi nent) based on an outp signal from

the AD ) . L, {4 wer. su t.erm pal inlis
sel ect e%:'%HJ éﬁ%%ggﬁttgéq?épgﬁﬁlggﬁ@@%%g&ﬁ% ERIFTOf@‘% é?rln%t ﬁar‘gﬁeﬁg‘g‘p 31
circuit 11 is supplied with an output voltage fromthe battery cell 1 as
shown i ¢hargesstartggiovwees, thecharger sjablyrsappbesitpovipnt. s upfilen tho telhyeltdgerist he
m crocontroller 30. In this manner, the power supply termnal CPinl is

sel ect egnilr thaPut el th8 sgéaﬁe@vmme.ﬁrg,iztw tin #le XRBhBRGGREr at i on

beconmes stable after the startup. If 't charger 1s renoved, the

m crocontroller 30 can be nt,i nuously supplied with th ower fromthe
bat t e”;nie&r teﬁ_m%%sg&cg&pﬁ%%w%g%ﬁags E@%HH‘EIBC%?@%EOEFSW% ng to sel ect
the power supply terminal CPinl for input to the charge punp circuit 11.
It is ddwrgens @itpe watagehe., a voltage supplied from the power supply terminal

CPin2.

FIGS. 8A and 8B schematically show paths of the power supplied during
startup and stable operations of the microcontroller 30.

FIG. 8A shows a power supply path when the charge starts with the cell
voltage set to 2.2 V or smaller. At this time, the microcontroller 30 is in inactive
(shutdown) state. The protection switches SW1 and SW2 are both turned on.

When the power supply terminal CPin2 is selected for input to the charge pump circuit
11, the microcontroller 30 can be supplied with the power and start.

After the microcontroller 30 starts, a time period is needed until the power
supply voltage stabilizes in some degree. During this period, the microcontroller 30
operates on a voltage supplied from the charger. The CPU 31 performs a process to
detect that the cell voltage reaches the specified value (2.5 V in the embodiment) based
on an output signal from the AD converter 38. At this time, the power supply

terminal CPinl is selected for input to the charge pump circuit 11.  The charge pump
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detection voltage higher than the cell voltage (2.5 V in the enbodi nent)

for the mcrocontroller 30 to determne that the battery cell 1 is in an
over-di scharge state (to be described). This nmakes it possible to stably
operate the mcrocontroller 30. FIG 9 is a flowhart show ng a process of
the mcrocontroller 30 immediately after startup. Wen the signal POR from
the reset circuit 13 goes to the L |level at step S601, the process
proceeds to step S602. At step S602, the mcrocontroller 30 starts to

initialjze,neql it h 3l..and.the. RAM 34. At . thi.s ti he system
por f or ATEISHF SR Qb Wieh 35 ot VAR pbar nebRud ol 7 Stiomen B FIC,
m crocontrol l er 30 and does not start the protection process of the
bat t er $Bec el Thig volage gener@e9 3 powtes sppplyesitage fivrtthe snitoeohewBér 3F. the si gnal
PFWfromthe reset circuit 14. Wen the signal PFWgoes to the L |evel,
t he CPW,i3 mdigel Gh&BoRe i e r h as

i . @Pg r yf (E:Egg%lally l%’érg}%@ﬂ@ml% s%l@@caﬁ‘f&rr 1&@% Rk Eﬁ&ééggﬂﬁ 'y

protecting the ‘bat 32 calculating t remal ni n

capacity. . rogram perfornms the follown initia rocesses. At step
Soba. Pl SRR RT R oS slible #n a radupy - 1BC AERERT oo ¢ i mer

37. The watch dog tinmer 37 contained in the mcrocontroller 30 has a

f unct i emoved, thondctocogtrolier 36 candeoedntoiubesty 30pplicl with tee peives fropethat i ons.
During the startup according to an increase in the power supply voltage,
initiabaﬁﬁlgtd'e gs may not be cared for not only the mcrocontroller 30, but
al so the tch dog tinmer 37. This state needs to be prevented to realize

the protecti function of the battery .cell, 1 by mainly usin
P e 'detection voltage 1s usea to prgV1 ea tumng%o select ﬂ»‘ie [.)()vvef".J supply

terminal CPinl for input to the charge pump circuit 11. It is desirable to set the
detection voltage higher than the cell voltage (2.5 V in the embodiment) for the
microcontroller 30 to determine that the battery cell 1 is in an over-discharge state (to
be described).  This makes it possible to stably operate the microcontroller 30.

FIG. 9 is a flowchart showing a process of the microcontroller 30 immediately
after startup.

When the signal POR from the reset circuit 13 goes to the L level at step S601,
the process proceeds to step S602. At step S602, the microcontroller 30 starts to
initialize registers in the CPU 31 and the RAM 34. At this time, the system performs
only a minimal process needed after startup of the microcontroller 30 and does not
start the protection process of the battery cell 1.

At step 8603, the process monitors the level of the signal PFW from the reset
circuit 14.  When the signal PFW goes to the L level, the CPU 31 perfornis normal

processes for the microcontroller 30 such as protecting the battery cell 1 and
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the mcrocontroller 30 itself. Inmediately after the mcrocontroller 30
starts, it is effective for stable operations of the mcrocontroller 30 to
cl ear configuration values of the watch dog tiner 37 such as the tine
interval to determine an erratic operation and enable the watch dog tiner
37. Wen the initial configuration values are cleared, the watch dog tiner
37 transmits an enable signal to the CPU 31 to notify that the watch dog
timer 37 is enabled. At step S605, the tiner 36 is allowed to count a tine
interval of 300 nsec fromthe timng when the signal PFWgoes to the L

| evel #aladamesbezemainingbattery sapaciti odlhet prograne podorms tid fg)rllosﬂngs f orced
into a wait state. At this step, as shown in FIG 7B, a power supply

vol tagqnﬁmgfd&gsegp the mcrocontroller 30 may further increase after the
startup. The microcontroller 30 needs to be operated stably by increasing

t he power sup % as nuch as possiple. .For thi ur pose, the

m crocontrol VQH@%)%@&%%E&PF%&FW@ FenizgyaEon Bﬁ]@e@%éﬁ“gﬁgf‘%‘rdqgﬂ@nef

i nstruction clock 33 frequency of the mcrocontroller 30. Then, the

fol | owi¥g prlecwathidogranéndrecntabiedsh dipe S6G6conthd]lgp30dess fuatti@edbs vari ous
configuration values allocated to the active software to start execution

of the MR BESS D ' : - ry cell |1
such aqu g%ﬁﬁ%arge arﬁg ove@gp;%%%gggl%ﬁ%ép%%ﬁ#&guﬁgﬁ%‘%Egeaﬁ%%&sf to be
reflected ipnclude,.for exanple, voltages and fenperatures of the battery
col | | AcHordifg K ar inceRase & oY SFeDBDAY GALE WL SCOPES EM et bifrrarcd

over-di scharge. These states are detected according to values input to the
AD conwer het 0§ the\mictbepntBEEL,30; bet alpo dwewstchriogithherz¥h ' EQisstas nv@lsues

configured for the inside of the mcrocontroller 30
to be prevented to realize the protection function of the battery cell 1 by mainly using
the microcontroller 30 itself. Immediately after the microcontroller 30 starts, it is
effective for stable operations of the microcontroller 30 to clear configuration values of
the watch dog timer 37 such as the time interval to determine an erratic operation and
enable the watch dog timer 37. 'When the initial configuration values are cleared, the
watch dog timer 37 transmits an enable signal to the CPU 31 to notify that the watch
dog timer 37 is enabled.

At step S605, the timer 36 is allowed to count a time interval of 300 msec
from the timing when the signal PFW goes to the L level at step S603.  During this
period, the microcontroller 30 is forced into a wait state. At this step, as shown in
FIG. 7B, a power supply voltage supplied to the microcontroller 30 may further
increase after the startup.  The microcontroller 30 neé,ds to be operated stably by

increasing the power supply voltage as much as possible. For this purpose, the

microcontroller 30 is placed in the wait state long enough for the instruction clock
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such as CPU 31. Under its own control, the mcrocontroller 30 inplenents
the protection function of the battery cell 1. Various configuration

val ues for the protection function can be freely changed by using

nonvol atile nmenory (the EEPROM 35 in the enbodinent). The manufactured

m crocontrollers 30 each may have different characteristics. The

nonvol atil e nenory can store values reflecting correction values for the
various configuration values corresponding to each of the mcrocontrollers

30.  Itel I gssible to.use~the,store alue to operate the
i r ocdashrLPr B8 Rictoctnudueedo. \Tneh b8 lolfiog aubeaR S Pofarns
m crocontroller 30 may stop due to a decreased cell voltage. 1In

consi der at i oAtfstep 5606, the preedssaefleytshations comeguration v alues allbeateBD htops
(e.g., when the cell voltage becones |ower than a specified voltage), the

o7 ocos Soa ERPRIEIANG SHBPRTIMBNOP I FRASOHIACS RRERIPERRERALPHL ot on

val ues be re to, be used for the processes. __34 However, sqgne- length
o 1 e Batigioeh s tion 35 0V S atsg R s atEe dEhe QnGIEBERtIGR YATRES (o

nonvol atil e nmenory and reflect themon operations of the CPU 3 1. This is

i nappr dencHeced mclude; fpueposseofolgigabbyd apapatinng ditbe paatgoddlonid uncti on
i mediately after the startup. To solve the problem the U31is allowed

to oper, ' | I .1 Y [e
R o L s
configuration val ues_ used for this stage are prestored in _the program
meror y 280 detppied acoendingtosyalugsdgnug t@tthe%;[gcqpm@:{ 3% t e pQGItBes of
software execution in the programnenory 32. At a specified timng |ater,
t he CPlrocess initializes register values configured for the inside of the microcontroller 30

such as CPU 31.

Under its own control, the microcontroller 30 implements the protection
function of the battery cell 1.  Various configuration values for the protection function
can be freely changed by using nonvolatile memory (the EEPROM 35 in the
embodiment). The manufactured microcontrollers 30 each may have different
characteristics. The nonvolatile memory can store values reflecting correction values
for the various configuration values corresponding to each of the microcontrollers 30.
It is also possible to use the stored value to operate the microcontroller 30.  Further, as
will be described later, the microcontroller 30 may stop due to a decreased cell voltage.
In consideration for this, immediately before the microcontroller 30 stops (e.g., when
the cell voltage becomes lower than a specified voltage), the nonvolatile memory
stores various configuration values needed for processes after the restart.  After the

restart, the stored configuration values can be read to be used for the processes. -
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31 rereads the configuration values stored in the nonvolatile nenory for
operations. Under such control, the protection function can be
continuously and stably operated imediately after the startup. Further,
it is possible to inprove the degree of freedom of each value and provide
it wwth versatility. The configuration values stored in the nonvolatile
menory may be reflected at a timng when the power supply voltage of the
m crocontroll er 30 reaches a specified value, for exanple. That is to say,
at step S608, it is determ ned whether or not the power supply voltage
suppl i ed to thHewaver suontength ef tide ibsewledto geasbtherconfignrationeglisls to 2.5 V
based on the cell voltage detected by way of the AD converter 38. If the,

resul t gsredhif HeMidvweatil %ﬂé@%ﬁ@?ﬁﬂé&%&ﬁ%&%ﬁ%ﬁ@sﬁe My 81 EPTRRVY, the

process initiallzes register to chan I guration val ues.

At st epS610,the . process refl ects e configuyration values read fromthe
EEPROVIS SRR R 5 1B PIRSSS G Sizblbt PRAAR 6 RO RBHOR BETBRELBNyO ARy 1

Thereafter, the rnicrocontroller 30 changes to 36 the normal operation

stat e. affer theepraidfil. 1, To belvproepblan| BetCGPW e ipallewes tpppsrate @img nal  CPi nl
for input to the charge punp circuit 11 to be powered fromthe battery

Ct anl y SPREPRYS AR D BEDS SOTH ARy PGP el B iRt RS o e

protectjon function even if the cell voltage decreases down to too small a
val ue t39 9#itse ISicsaye Bistqonfigeraton, valyesiuised fer thissstegeorre poesterst inf  t he

battery cell] The followi ng describes in detail how the mcrocontroller 30
cont r olthe ptegram memory 32. These values are read into the CPU 31 with the progress of

software execution in the program memory 32. At a specified timing later, the CPU
31 rereads the configuration values stored in the nonvolatile memory for operations.
Under such control, the protection function can be continuously and stably operated
immediately after the startap.  Further, it is possible to improve the degree of freedom
of each value and provide it with versatility.

The configuration values stored in the nonvolatile memory may be reflected at
a timing when the power supply voltage of the microcontroller 30 reaches a specified
value, for example. That is to say, at step S608, it is determined whether or not the
power supply voltage supplied to the microcontroller 30 becomes greater than or equal
to 2.5 V.based on the cell voltage detected by way of the AD converter 38.  If the
result is affirmative, the process proceeds to step S609. At step S609, the process
initializes registers needed to change the configuration values. At step S610, the
process reflects the configuration values read from the EEPROM 35 and continues the

protection process for the battery cell 1. Thereafter, the microcontroller 30 changes to
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protection function for the battery cell 1. The protection function allows
the AD converter to detect a cell voltage value and keep track of a state.
The m crocontroller 30 stably inplenents a process appropriate to the state
mai nly under software control. FIG 10 diagrans state transition in
accordance wth cell voltages. FIG 10 chronologically shows states
dependent on cell voltage changes from a starting point when the battery
cell 1 is fully charged. A secondary battery requires that the cel

vol tage,_shoul d be within a specifi r,ange duri normal use so as not to

shorte%“f Agtpg oger%’fw%@g. t I‘?étsg@pggﬂtay}e %PC%é@i}g%BGPPW@IS Fity of the

battery itself It 1is recomrended to use the lithiumion secondary battery
wi t hi n tershinalGPirEgkes et e dre cltrge pmoip4i2uld.11\6 be poefeeed fioen the Hawercel |

vol t age, overcharge and over-di scharge states are defined above and bel ow
t he noragl; operation state approxinmtely corresponding to the

above- menti oned range of cell voltages. The overcharge state signifies an

excessi ve cel v%l tage. The over-di scharge state signifies an insufficient
36 cel | vol t dd¥. 20RYeIRGIPNICA Irpesss paakes i passibipioeliabiyandtstably statrand t he
battery cell 1 is fully <charged, for exanple. The normal operation state

per m t spbpitd tHeunidrecontiileg 86 dntacutabely opafagetheanoicdiione AaicEon edug if O
connection to a discharge load. That is to say, 'the protection swtches

ai schar e dh Bl RSP aBRE SO MoA Tl g DR R e fptePlon L

specified value fromthis state, the over-di scharge state takes effect to
di sabl éSt#/rapsiiem sprEolad the bederyrcesllibct the battery cell 1. The protection
switch SWM is turned off.

The following describes in detail how the microcontroller 30 controls the
protection function for the battery cell 1. The protection function allows the AD
converter to detect a cell voltage value and keep track of a state. The microcontroller
30 stably implements a process appropriate to the state mainly under software control.

FIG. 10 diagrams state transition in accordance with cell voltages.

FIG. 10 chronologically shows states dependent on cell voltage changes from
a starting point when the battery cell 1 is fully charged. A secondary battery requires
that the cell voltage should be within a specified range during normal use so as not to
shorten the life, degrade the capacity, or degenerate the quality of the battery itself. It
is recommended to use the lithium-ion secondary battery within cell voltages between
30and 4.2 V. With reference to the cell voltage, overcharge and over-discharge
states are defined above and below the normal operation state approximately
corresponding to the above-mentioned range of cell voltages. The overcharge state

signifies an excessive cell voltage. The over-discharge state signifies an insufficient
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Since the mcrocontroller 30 itself operates on the cell voltage as a power
source, further decreasing the cell voltage disables the mcrocontroller 30
from operating. At this time, the state changes to a shutdown state to
stop the mcrocontroller 30. As nentioned above, connecting the charger

I ncreases the cell voltage to sone extent to start the mcrocontroller 30.
After the startup, the state changes to the over-discharge state.

| medi ately after the startup, a startup process state takes effect to
performihe,startup process as described with reference to FIG 9. In this
state, “COnOf8%e charge is permitted to turn the protection switches SW
and SW2 off and on, respectively. The power supply source is set to the
charger si de As shewn irhBIGhdblin theuppinal bﬁemit)ﬁlstaﬁ?itlﬁ@’@attéﬂﬂ esll tHe fighar ge
causes the cell voltage to be greater than or equal to the specified

val ue, I y t ) I t i nal CPinl.
The batPaR BT ALY PRE RGeSt e B BB o R
further, exceeds the specified value, the normal state is resuned. The

pr ot ecth®rhargey anddisghargesdne @repaneefiantogedistharpolaad: hdhehistgsagibe t he

di scharge. After the battery cell 1 is fully charged, further continuing

the chargecthwsgishest $W isirat SWDateherned enofiales eost@ltdE thd RfcREOhREAdON
switch SW2 turns off to permit only the discharge. The overcharge state

e srarCer ¢ RERAGh PR bt R el B b B AR A RS B ont i onea

state transition, the characteristics of the battery cell 1 are taken into
full céResHed yalusdrem thistatethe over-flisoharge gate takeweflfedise disebleranyne

discharge so as to protect the battery cell 1.  The protection switch SW1 is turned off,

Since the microcontroller 30 itself operates on the cell voltage as a power
source, further decreasing the cell voltage disables the microcontroller 30 from
operating. At this time, the state changes to a shutdown state to stop the
microcontroller 30.

As mentioned above, connecting the charger increases the cell voltage to some
extent to start the microcontroller 30.  After the startup, the state changes to the
over-discharge state. Immediately after the startup, a startup process state takes effect
to perform the startup process as described with reference to FIG. 9. In this state,
only the charge is permifted to turn the protection switches SW1 and SW2 off and on,
respectively. The power supply source is set to the charger side (i.e., the power
supply terminal CPin2). When the charge causes the cell voltage to be greater than or
equal to the specified value, the power supply source changes to the power supply

terminal CPinl.  The battery cell 1 operates as power supply. When the cell voltage
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transition to the states. Accordingly, different threshold val ues may need
to be used depending on directions to change the states. Since the
processes corresponding to the state transition are performed under
software control, it becones possible to easily fine-tune the threshold
val ues w thout using conplicated circuits. In addition to the
above-nentioned states, the state may change to the overcurrent state in
whi ch an excessive discharge current results fromshort-circuit between

el ectrodes or in. the cell. The overcurrent detection circuit 20 determ nes
transi tfﬂgﬁ‘ﬂf grqeRds &\‘?épéﬁfﬁlegﬁ’?l% thesnormad sigtecisgesoned. ol Tle ptectiont rol s t he
restoration fromthis state. FIG 11 shows in detail a flow of state

transi towdchc®Wir alko tiths bn tepemeinbethithe clhiGe ahdl.thé BRchaktow ng descri bes
specific threshold values for cell voltages and discharge currents and

necessary pro | ng+th ate transition. 38.(1 tecti.ng the
over char ge st‘gﬁgﬁgﬁ b gﬁéré’t%’}lalt ﬁ&ﬁhffﬁgaféﬁ @1{1&1& C?W@Wﬁ%b@%ﬁf&%@hagge%o
determ nes the overcharge state of the battery cell | based on cell

vol t agdh@siate odhe oversheige state. Ahe pratecticsr s\8iich S8V2 simswiffito pEir@t ohll;, t he
overcharge state is detected when the cell voltage Vcell reaches 4.25 V.

The FE ' 2
e FEThediseBhirgé: %@@ﬁ@?ch%rg‘&iﬁté%haﬂ%éstt@%e h 2 V\Zsﬂif%_%%n;tﬂg{? %BWEQ ut

termnal CHGto turn off the protection swtc . Thi's St ops
w1t s apafidne 88 VBlpe B vt OStinl lteineriged e fns: i on 0o i the
EEPROM 35. For exanple, the log can be used to -
In the above-mentioned state transition, the characteristics of the battery cell 1
are taken into full consideration to configure cell voltage values that determine
transition to the states. Accordingly, different threshold values may need to be used
depending on directions to change the states. Since the processes corresponding to
the state transition are performed under software control, it becomes possible to easily
fine-tune the threshold values without using complicated circuits.
In addition to the above-mentioned states, the state may change to the
overcurrent state in which an excessive discharge current results from short-circuit
between electrodes or in the cell. The overcurrent detection circuit 20 determines
transition té the overcurrent state.  The microcontroller 30 controls the restoration
from this state.
FIG. 11 shows in detail a flow of state transition control. With reference to

FIG. 11, the following describes specific threshold values for cell voltages and

discharge currents and necessary processes during the state transition.

38



correct cal cul ated val ues according to error occurrences or detect failures
in the battery cell | during a remaining battery capacity cal cul ation
process for the battery cell 1. The mcrocontroller 30 detects transition
to the normal state fromthe overcharge state when the cell voltage Well
beconmes | ower than 4.15 V. The protection switch SW is returned to the,
on state. The sane detection voltage nmay be used for transition to the
overcharge state and restoration to the nornal operation state. Wen

transitj vercharge state turns off the protection switch SW2,
t he ceIqﬁ\@)oqtté)ca?:ﬁ]getgglolve]icﬂﬂ%%Sgﬁfs[gla?gb‘ésg?réig’és to detect transition to the
normal operation state. This restarts the charge. The cell voltage Wil

i ncreases agallre €6U Zhafige mxrodomtmiler 80 depensicatithe overhinme statbofttieng
condition that repeats the transition between the overcharge and nornal

oper al iigjtchy aé1P.badil Bt et Qg%aegy Tedth HRLEA a the APIERILAR YOI tAQE fOr

restoration to the norm atron state is set to an a 39
detectign volt qurin the transition with reference to 4.2 V, i.e., the
fully cﬁ%&?”d’e’& ﬁgﬁlt alie Sreregse staisiin Actestedsehamirgopllvsltage Weelgeathgsng t o
t he above-nenti oned process, the mcro controller 30 can accurately detect

occur r éh28 Vof TheFEVairbleaddehatgise ol voRagdie khauipat @RBIGIthen. 1t is
possible to reliably prevent such situations as separation of ion at an

caf oty Efpital LAFG (SR Y Trbretuh RIS U onlsHikoik B o WlreR e coa

to the batteré/ iack. In the above-nentioned description, the state
t ransi tHAIY €€lidt ect ed based onl y on the cell voltage Well. In addition,
the safety can be further enhanced by using

Concurrently with this process, the CPU 31 writes transition to the overcharge
state as a state transition log in the EEPROM 35.  For example, the Jog can be used to
correct calculated values according to error occurrences or detect failures in the battery
cell 1 during a remaining battery capacity calculation process for the battery cell 1,

The microcontroller 30 detects transition to the normal state from the
overcharge state when the cell voltage Vcell becomes lower than 4.15 V. The
protection switch SW2 is returned to the on-state. The same detection voltage may
be used for transition to the overcharge state and restoratioﬁ to the normal operation
state. 'When transition to the overcharge state turns off the protection switch SWZ,
the cell voltage Vcell immediately decreases to detect transition to the normal
operation state.  This restarts the charge. The cell voltage Vcell increases again to
change to the overcharge state, causing a hunting condition that repeats the transition
between the overcharge and normal operation states. To prevent this situation, a

detection voltage for restoration to the normal operation state is set to be lower than a
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tenperature information about the battery cell 1 for detection of the state
transition. The tenperature information is detected by the thermstor 3
and is acquired fromthe AD converter 38. For exanple, no charge is

al l oned when a tenperature informati on value exceeds 60'C. Alternatively,
it may be preferable to decrease the threshold voltage approximately 0.1 V
to detect an overcharge when a tenperature information value exceeds 60'C.
(2) Detecting the over-discharge state and restoration Transition fromthe

nor nal O(ﬁ)ﬁ{)eratioq stafe to the over-di scharge state. is detected when the
cel | vdteegnliagssas ¢ GapslupRavittpraderencaty 4. 2dbtiestthe ltyuelesgedf f t he

protection swwtch SW1 to cut off the discharge current, Like transition to

t he ovmlﬁger@eh@iﬂﬁmﬁmgeg@ﬂdm?@a ve, transition to the over-di scharge
state is witten as 40 a log to the EEPROM 35. The lithiumion secondary

oper at bs. uei foCTHE AP B go B eitbnsd piiesd W BitrpOrrdlilic oy b

configured to stop operating upon detection of the discharge term nation
vol t ageaccurpselyidetest openmenasrofane ogershaige stide end siop thekhage operatienect t he
over-di scharge state. If this detection voltage is set to be equal to the

a1 scharig poséiBleToTeRaKly prtdrlGch SulaiBns b ferlaatdPBr BA%K 2h bRELRE of AHect ed

device corresponds to"a tinmng to turn o e protection swtch The
Causi nUPrE PR 198 SR e i B Shsien o setbfk b ghecpesibleld ect f on
voltage is set to be slightly lower than the discharge.

detect a failure in the charger connected to the battery pack.

In the above-mentioned description, the state transition is detected based only

on the cell voltage Vcell. In addition, the safety can be further enhanced by using

temperature information about the battery cell 1 for detection of the state transition.

The temperature information is detected by the thermistor 3 and is acquired from the

AD converter 38.  For example, no charge is allowed when a temperature information

value exceeds 60°C.  Alternatively, it may be preferable to decrease the threshold

voltage approximately 0.1 V to detect an overcharge when a temperature information

value exceeds 60°C.

(2) Detecting the over-discharge state and restoration

Transition from the normal operation state to the over-discharge state is
detected when the cell voltage Vcell becomes lower than 2.6 V. This detection turns
off the protection switch SW1 to cut off the discharge current.  Like transition to the

overcharge state as mentioned above, transition to the over-discharge state is written as
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term nation voltage. After the device stops operating normally, the
protection swwtch SWI turns off to cut off the discharge current. Wen
the state changes to the over-discharge state, the cell voltage Wll may
further decrease to cause transition to the shutdown state that stops the
m crocontroller 30 fromoperating. In consideration for this, the EEPROM
35 stores information needed for later restart of the mcrocontroller 30
at the tine point of transition to the over-discharge state. Such

I nf or myt4i lnc v, es tenporarily stored in the RAM 34 of the
m crog%r%fﬁg?lﬂ%?tgg%ﬁwyexanpl e. The CPU 31 reads the stored information
at a timng when the power supply voltage is stably supplied to the

ni crocont r ol Il8re [Bdiwntien seccndassbattery uStsethe discheameitermination & olisgekset o
operations (corresponding to step S610 in FIG 9). 41 On the other hand,

transity f rogme I 5eidh : jon-state is
determgh(g)gi'Men gg’?1 gg‘%’ci%nogﬁz ﬁtg{ﬁélﬁgﬂ?;%aﬁt?e\l/-gIe?]gggﬁ%g{a({%rﬁgggﬁg?dn@gﬁ%r t han
2.65 V _and al so.the .charger is.connected for ctBargi ng in progress. It is
known J#HAPe cRROZRICH ) soPAPesameanan, deiegtion of the disshaigetsrminationses t he

cell voltage immediately after the discharge stops. Consequently, if the
same valoltages Thednitrocohtrellen®) asdsithe deteltiogeokapedetdeedct theansi tion fromthe
normal operation state to the over-discharge state and the detection

vol t ag to [ . g ' {a ere may be
a case%o flggagﬁis]?%ge s{uﬁ% hEn %s%t%:(’glr? pﬁ%%ﬁ%%@@%é@@ﬁ?ﬁie &%&}aﬁégt I on

bet ween t hese stai es. To reliably prevent occurrence of the hunting, sone

| engt h 'FPUPARRN Velingt adHnmng: tastop epaakng therronpeetaé deviee carresprndgdo 8t at e and

restoration
timing to turn off the protection switch SW1. The process to stop operating the

device may not be completed normally, causing errors.  To solve this problem, the
over-discharge state detection voltage is set to be slightly lower than the discharge
termination voltage.  After the device stops operating normally, the protection switch
SW1 turns off to cut off the discharge current.

When the state changes to the over-discharge state, the cell voltage Vcell may
further decrease to cause transition to the shutdown state that stops the microcontroller
30 from operating. In consideration for this, the EEPROM 35 stores information
needed for later restart of the microcontroller 30 at the time point of transition to the
over-discharge state. Such information includes values temporarily stored in the
RAM 34 of the microcontroller 30, for example. The CPU 31 reads the stored
information at a timing when the power supply voltage is stably supplied to the
microcontroller 30 after its restart. The information can be used for operations

(corresponding to step S610 in FIG. 9).

4]



to the normal operation state. For this purpose, the detection voltage to
detect restoration to the normal operation state is set to be slightly

hi gher than the detection voltage to detect the over-di scharge. state. In
addition, the state is not restored to the nornmal operation state until
the charge starts. To detect the charge start, the CPU 31 acquires a signa
|l evel fromthe input termnal PCKP and a voltage value at- the input
terminal HVIN via the AD converter 38 for determ nation. The input

N Ts conndat B8 QRS A Befitliof T R SRk eSS R v el i ng T 0 e

above-nenti oned process, the mcrocontroller 30 can accurately detect
occur r SipeEatiom stafe ipdefermined veragededeciing thatdthe colh vohiegalVeelh hegemdghigher at i on.
This makes it possible to reliably prevent a small anobunt of short-circuit

i nsi de thie2 @56¢ bhAd&oahe chapacist HARring essh [ T jble to
ensure the safety and pfevgnt Stcﬁgﬁ?ggg%d@ﬁ%mgg@g%%gél Fﬂﬁk@@g\ﬁ% bei ng
shorte ) .Detectin he.shut down state and restoration When the cell
ol agaight HTEER ssBtndalt baNE SRt By n et Bl i \eie. |t he

m crocontrol l er 30 cannot operate. The discharge current is cut off in the

over - ditguhedigielysafigrche discharde stipg, Comsempiantlyof tregeanvevalus iowled fdetreases
due to power consunption of the mcrocontroller 30 and the power supply

Circui tdei&{ioﬁQfoltlﬁgt?Y&égéte&thﬁanl@ﬁfoheﬁdmctﬁé hﬁﬁ%lélg%}@ﬁgrﬁatgiﬁ ﬁl{bar ged further,

t he m crocontrol changes to the shu e to stop operating

when the cell,voltage. | | . becones .
over—(cahscharge state ané{\ﬁle detection voltage to detect restoration to the normal

operation state, there may be a case of causing the hunting condition that repeats the
transition between these states.  To reliably prevent occurrence of the hunting, some
length of time is needed between transition to the over-discharge state and restoration
to the normal operation state.  For this purpose, the detection voltage to detect
restoration to the normal operation state is set to be slightly higher than the detection
voltage to detect the over-discharge state.  In addition, the state is not restored to the
normal operation state until the charge starts.

To detect the charge start, the CPU 31 acquires a signal level from the input
terminal PCKP and a voltage value at the input terminal HVIN via the AD converter
38 for determination.  The input terminal PCKP is used to detect the charger
connection.  The input terminal HVIN is connected to the positive electrode terminal
Ebl.

According to the above-mentioned process, the microcontroller 30 can

accurately detect occurrence of the over-discharge state and stop the discharge
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smal ler than 2.2 V. In this state, the mcrocontroller 30 cannot start
using the battery cell | because the cell voltage Wl | decreases. The
power supply terminal CPin2 needs to be selected for input to the charge
punp circuit 11 so as to be, supplied with power fromthe charger at the
next startup. As shown in FIG 9, the shutdown state restores to the
over-di scharge state based on the reset timng and the startup process
initiation timng provided by the reset <circuits 13 and 14 in accordance
with an increase in the voltage supplied to the 'crocon%roller 30.

| nredi @PeTajioar ¢ diis mekes ihppssipledo seliabdy: Bravest a anal gt of shortisirpyt a

vol tage fromthe charger as the power supply. Wen the voltage stabilizes

to sompndide ﬂfétﬁétﬁttod%-ﬁdggpﬁkﬁﬂ( ddigadaidn. v Purtes iVelpossikiaedmsdredhy, the
power supply term nal Inl’is selected for input to the charge punp

bove. ek eRbarra: BeltER: B atior EL T HE e O et 1 The bartery cel I
1. The mcrocontroller 30 can start nornmally after the charge starts. The

protection process for the battery cell | can start stably. (4) Detecting
the overcurrent state and restoration If contacts of the battery cell 1 are

Sho”'&@j’B‘é}écffﬂ% R HRESH S kMR S PR a%n current may flow to cause the

battery cel |l 0 be heated abnormally. To prevent this problem the ,
bccurs.  the PrBFaGa s Seey G FEIGREH BRR me Gt oA scnar ge
i enttﬁe microcontroller 30 cannot operate. The discharge current is cut off in the
over-discharge state. Accordingly, the cell voltage Veell slowly decreases due to
power consumption of the microcontroller 30 and the power supply circuit 10.  To
prevent the battery cell 1 from being discharged further, the microcontroller 30
changes to the shutdown state to stop operating when the cell voltage Vcell becomes
 smaller than 2.2 V.
In this state, the microcontrolier 30 cannot start using the battery cell 1
because the cell voltage Vcell decreases. The power supply terminal CPin2 needs to
be selected for input to the charge pump circuit 11 so as to be supplied with power
from the charger at the next startup.
As shown in FIG. 9, the shutdown state restores to the over-discharge state
based on the reset timing and the startup process initiation timing provided by the reset
circuits 13 and 14 in accordance with an increase in the voltage supplied to the

microcontroller 30. Immediately after the start, the microcontroller 30 operates using

a voltage from the charger as the power supply. When the voltage stabilizes to some
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The overcurrent detection circuit 20 is used to detect an overcurrent and
control the protection switch SWI1. The overcurrent detection circuit 20 is
provi ded as special hardware independently of the mi crocontroller 30. The
reason is the need for fast and stable changeover to the protection switch
SW. when a short circuit occurs. Assum ng that the mcrocontroller 30
detects, under software control, an occurrence of overcurrent due to short
circuit. An interrupt occurs in the mcrocontroller 30 after the short
circuit occurs. The instruction_ clock of igg¥ 'crocontro&ler 30 .oper at es.
Ch

Dependexgnb - gnwher thecall witage Y eellgixceeds POVET SURPIBEITIRAL g at el y

before the start of the interrupt process, the tinme to provide control to

turn opihhe Rlek@bfor 1&40%@Eﬂﬁ@ﬁﬁg&)hﬂl@g&llandfhmate&oﬁ@laplyarge del ay.
Accordingly, the protection switc SWL needs to be operated i ndependently

of instr cti(gn st at es;. i t_t%te ﬁicrocontroller 30. As will be described

| ater, ! %Ilﬂ?l(?'na"et%vé’r aleg Sit Sgers restoration fromthe overcurrent state.
When the overcharge state changes to the overcurrent state, the protection
switch SW alThe abovesnentionsd pregsise cimalininzzg a Povies desisaseoin the batiely on t he
protection switch SW2 may be directly provided by the overcurrent detection

Cireui tce]éq(.) 'ﬁi&%ﬁi&sc&&fme%ot@ntsmmﬁautyrﬁe@m Eledrb@Btapted t TheSW 1 or may
be provided by the process of the CPU 31 after transition to the

over cuBFORELORPIERFLATT (s PUTRTY CoB T Gl LMD, Fl G 12, Che overcurrent
detection circuit 20 conprises a conparator 21, a digital delay circuit
22, a latch circuit 23, and an AND gate circuit 24.
(4) Detecting the overcuirent state and restoration
If contacts of the battery cell 1 are short-circuited, an excessive discharge
current may flow to cause the battery cell 1 to be heated abnormally. To prevent this
problem, the resistor Rs is used to detect a discharge current. When an overcurrent
occurs, the protection switch SW1 is turned off to cut off the discharge current.
The overcurrent detection circuit 20 is used to detect an overcurrent and
control the protection switch SW1. The overcurrent detection circuit 20 is provided
as special hardware independently of the microcontroller 30. The reason is the need
for fast and stable changeover to the protection switch SW1 when a short circuit occurs.
Assuming that the microcontroller 30 detects, under software control, an occurrence of
overcurrent due to short circuit.  An interrupt occurs in the microcontroller 30 after
the short circuit occurs.  The instruction clock of the microcontroller 30 operates.

Depending on an instruction state of the microcontroller 30 immediately before the

start of the interrupt process, the time to provide control to turn off the protection
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I nput termnals of the conparator 21 are connected to the input termnals
ODI and CSN, respectively. The conparator 21 sets an output signal to the
H | evel when a voltage between the input termnals is greater than or
equal to a specified value. In this exanple, a threshold value of 3.4 Ais
specified to detect transition to the overcurrent state. Resistance val ues
of the resistors Rthl and Rth2 are configured to be capable of voltage
conparison in the conparator 21 against the threshold current of 3.4 A

The di gi t.al ay circuif 22 delays an_qutput signal. fromthe,conparator 21
as |ongwagcha§j\%é§mngﬁ%a @ama%re{ E’syg%ﬁéem-i tAQQOI%é%@YstBEBT%%QR é@ﬁtﬁhm
when an i nput 45 signal changes to the L level within 5 nsec fromthe rise
tim ng SWltieeditd by operated intlpendentiy of instrinetich giateslin ded aycrotomtuoler3D. i s
prevented fromdetecting a nonentary overcurrent of 5 nsec or |ess. The

| atch circuit . - . Wl (of. Bt 22 based
on a clock é%%ﬁ%ﬁ%%?gﬁig%@ﬁ%%h%%égﬁéﬁg%%?ﬁ%%gﬁ%#ﬁ%ﬁgﬁkaﬁgl#gﬁgﬁgd si gna
is supplied to the FET driver 42. Wen this signal goes to the H Ilevel,
the pr cwvseeuromt state. c 'Waipn the overshaiggisiate ohanges 6@ the oveacysgriistade.dhgnal i s
further supplied to the CPU 31 via the AND gate where the clock signal is

i nput  JrottBoR EWeich IWalaldLifid @i to cifabke thie@hatge. | MRS domdlos td fugn GRtha&1. The
overcurrent detection circuit 20 can fast turn off the protection switch SW

L e o RGeS Rk SRt ERRBRREIHE
of P OthC{iILQ etctz)iir?)ﬂot t?xg off the protection switch SW1 or may be provided by the
process of the CPU 31 after transition to the overcurrent state,
FIG. 12 shows an internal configuration example of the overcurrent detection
circuit 20.
As shown in FIG. 12, the overcurrent detection circuit 20 comprises a
comparator 21, a digital delay circuit 22, a latch circunit 23, and an AND gate circuit 24.
Input terminals of the comparator 21 are connected to the input terminals ODI and
CSN, respectively. The comparator 21 sefs an output signal to the H level when a
voltage between the input terminals is greater than or equal to a specified value. In
this example, a threshold value of 3.4 A is specified to detect transition to the
overcurrent state. Resistance values of the resistors Rth1 and Rth2 are configured to
be capable of voltage comparison in the comparator 21 against the threshold current of
34A.

The digital delay circuit 22 delays an output signal from the comparator 21 as

long as 5 msec. The digital delay circuit 22 resets an output signal when an mput
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cell 1. Electronic devices such as video caneras and digital still caneras
use notors to drive lenses and take up the tape. It is known that driving
the notor nonentarily generates a very large rush current. Simlar rush
current al so occurs when a strobe light is used. The use of the conparator
21 can fast detect an overcurrent. However, an occurrence of rush current
may be incorrectly assunmed to be an occurrence of overcurrent to turn off
t he protection switch SW1. To avoid this situation, the digital delay

ecs. SOt I £ o bilte SOhity BBt os R O B Ana nsur o

stabl e operations of 46 the protection function. Detecting an overcurrent
al | ows thisenawvierche dégital delayotiionit 22 is poévental from detectingupmotientariycr o
controller 30. When detecting an occurrence of interrupt, the CPU 31 of

the m va%f&fﬂfén@bﬁsrmg&dﬂééses a state indicative of the overcurrent

occurrence I n e register (RAM 34 in this exanple) to store abnornmal

states. After nt.er . upt curs can_ read caon uration
val ues from tTH@ 2 “é’fcélit%ang’%@HPE@‘FE@ligﬂ?]r%Y%@Hﬂ%g@@ d o s
makes it possible to snoothly performa subsequent restoration process

f rom t keclosiesignal fom stlatk oscitlator ddaior dib of Thbéatoheat signaltis ohpriied3d the The
read configuration val ues are recorded in the EEPROM 35 as a | og and can be

uoed gt g S O ki B PURE IS ERGSRERIAYN 0T
:12 eﬂ, ;%gpegggéllrﬁ@eq,g hore[&egaﬁcé@@ §1Fgg§1 12%&&1%%11531?& I%r ’rhEa rg?lgUt3qev1g ?l{c;[ ery cell 1
AND gate where the clock signal is input at the other input ferminal. This signal
interrupts the CPU 31.
The overcurrent detection circuit 20 can fast turn off the protection switch
SW1 based on overcurrent detection by the comparator 21 independently of instruction
states of the microcontroller 30. This can enhance the effect of protecting the battery
cell 1.
Electronic devices such as video cameras and digital still cameras use motors
to drive lenses and take up the tape. It is known that driving the motor momentarily
generates a very large rush current.  Similar rush current also occurs when a strobe
light is used. The use of the comparator 21 can fast detect an overcurrent. However,
an occurrence of rush current may be incorrectly assumed to be an occurence of
overcurrent to turn off the protection switch SW1. To avoid this situation, the digital

delay circuit 22 is used so as not to detect a momentary overcurrent of 5 msec or less.

This can prevent malfunctioning due to a rush current and ensure stable operations of
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Now back to FIG 11, the follow ng describes the restoration process form
the overcurrent state in nore detail. A possible nethod of restoration to
the normal operation state fromthe overcurrent state is to detect the

rel ease of discharge load for automatic restoration. However, |et us
consider a case where the battery pack is put in a pocket and a nmetal such
as a key contacts with the electrode to cause short-circuit. In such case,
the nmetal and the el ectrode may repeat contact and separation to cause a
fault call ed chai short-circuit. If the above-nmentioned restoration

met hod 1€ PERIEHLIOR HECH9Pt ery cel |l 1 rmmy repeat the overcurrent state and
the normal operation state to cause abnornmal 47 heating. Wen an

over current doewcting theveeltrendlicvgethbeser®srenodeecidasirdtie?0 aper at i ng
vol tage of the microcontroller 30. If this situation is repeated, the

"est or sy R P HHRBCEURNRR AL ol perePu TR R el BRCESn,

when the charge is perforned as shown in FIG 11. That is to say, control
i s provdbebthegnicsasantollendl sudeca slatmindiative of the onsresrendlocoupencatinon st at e
when detection signals fromthe input termnals PCKP and HVIN detect

connecttheregiftel (RAMSH AR thid REaABRY) 6 sorOFbrRfrnl ShRsge AR R mite@ptchar ge
may occur for a long tinme after detection of an overcurrent. In hi s case,

ol | v PabERNEPT 2t Eunt 0 RREEA BT Ros G B BRI rartpigiamt " 1
according to the enbodi nent of the present invention as

overcurrent occurrence.  'This makes it possible to smoothly perform a subsequent

restoration process from the overcurrent state under control of the microcontroller 30.

'The read configuration values are recorded in the EEPROM 35 as a log and can be

used for failure detection.  If an overcurrent occurs repeatedly, for example, it is

possible to determine that a large discharge current is used for a device connected to

the battery pack or that the battery cell 1 is highly possibly shortcircuited.

Now back to FIG. 11, the following describes the restoration process form the
overcurrent state in more detail.

A possible method of restoration to the normal operation state from the
overcurrent state 1 to detect the release of discharge load for automatic restoration.
However, let us consider a case where the battery pack is put in a pocket and a metal
such as a key contacts with the electrode to cause short-circuit. In such case, the
metal and the electrode may repeat contact and separation to cause a fault called chain

short-circnit.  If the above-mentioned restoration method is used, the battery cell 1

may repeat the overcurrent state and the normal operation state to cause abnormal
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menti oned above, the protection function of the battery cell | contains the
charge current cutoff control in the overcharge state and the di scharge
current cutoff control in the over-discharge state. These control
operations can be stably performed under control of the mcrocontroller

30. Further, the overcurrent detection circuit 20 detects the overcurrent
state and provides the discharge current cutoff control in this state.. The
overcurrent detection circuit 20 operates independently of the control

operati pr @\ ) CrOCOoRtT Qb ] i.ngl i, 1S possible
to rel ifgééﬁl;}gpemgﬁ&l ﬁﬁe&@%gﬁ@a@cgﬁs, ﬂ%ﬁ r&glr‘gz{lté%g i%ﬁ%%%ufbﬁ‘ge? t%%n +Cp\?’er current.

In this manner, the software control of the mcrocontroller 30 is mainly
used t opesatingveiagstofithe mperoceroltar 30undt thansigfationds kepeatedytheel | 1, thus
reducing the circuit scale and decreasing manufacturing costs. In

addi ti aRicrbéorifolRe30idPefatéOupdd]yy fine-tune the threshold voltage for
detecting abnornmal states. These” advantages enable highly accurate control

correspondi ng to the char eristi.cs of the batte cell 1. .

[Mcr ocontrolg[f’é%o-n reagjo %ﬁf’ﬁig?gﬂﬁgu'?s@ﬁagl%ﬁ?@@gQXPWCUHFM%@‘ieilﬁn process

and the remaining capacity cal cul ation process] As nentioned above, the

pr ot ectdonfighettta take ptace ohly when droychaegd 1s performiedyab shewn én FiG. Bt ecti ng t he
overcharge and over-di scharge states based on the cell voltage detection.

The D OfIgié RIIBGHESIs pHAGIST o8B! el HErRIRAPUEIARMShBIRabased  on the

di scharge currel on to provide the cut ontrol over charge
For 1 hORSFOLSLAE her e gaun Hoat R o s KPRV eal T
vol t age val ues via the AD converter

detect connection of the charger and application of a charge voltage.

No charge may occur for a long time after detection of an overcurrent. In
this case, control is provided to stop operations of the microcontroller 30 when the cell
voltage Vcell becomes smaller than 2.2 V.

In the battery pack according to the embodiment of the present invention as
mentioned above, the protection function of the battery cell 1 contains the charge
current cutoff control in the overcharge state and the discharge current cutoff control in
the over-discharge state. These control operations can be stably performed under
control of the microcontroller 30. Further, the overcurrent detection circuit 20 detects
the overcurrent state and provides the discharge cﬁrrent cutoff control in this state.

The overcurrent detection circuit 20 operates independently of the control operations
provided by the microcontroller 30.  Accordingly, it is possible to reliably perform the

operation for protection against an overcuirent.

In this manner, the software control of the microcontroller 30 is mainly used to
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38. The CPU 31 determ nes the nornmal operation state, the overcharge state,
and the over-discharge state. According to the states, the CPU 31 controls
operations of the protection switches SWL and SW2 via the FET driver 42.

It may be preferable to acquire not only the cell voltage, but also

I nformati on about the tenperature of the battery cell 1 detected by the
thermstor 3 via the AD converter 38. The tenperature information may be
used to likew se control operations of the protection switches SW\d{ and SW2

of 1 he s ngf BEBtEcu GERRETRG of A bty UL B SRR SRR B =

tenperatures of the battery cell 1 fromthe AD 49 converter 38 at a
speci f iadd degreapingl mampaciorngTostser 1o additionoit dspessitde to easpyrfanengnetiae t he
val ues. For exanple, let us consider a state in which a device is connected

to thehksholdrvolRgs korddedthgsatRRbnalsties N TRARS ad«aﬁmegg,?ggﬁggkﬁ%mﬁce" 1. In

order to safely protect the battery cell 1, it is d se as

short i nterval ;as possiple to read the,. voltage, or t t emper at ure of

t he ba%%gy@ttecéqrﬁrqlc qq?ﬁ“&@ @gﬁ\?,@;aphqnsgcg;p% %ﬁqjl‘aﬁ@ryo?ﬂﬁ}' hand, the

m crocontroller 30 not only protects the battery cell 1 as nentioned
above, [Micragostroler-batediapsimizatioreofiheibageagalbjpriojectibntpnecdsatndtlye cel | | and

transmits to the device the information cal cul ated through comruni cati on

with t&&naﬁﬁﬁggﬁacﬁﬁr@%ﬂﬁw @éss?nabl e a display nounted on the device to
di splay the Tenaining capacity of the battery cell | and the avail able

Cal cul at Pon pROBERLORR e R B g leting Rer Giup i BherSrb I Btess, "t he GPU

31 needs to acquire the voltage of the
implemented by detecting the overcharge and over-discharge states based on the cell
voltage detection. The protection function further detects the overcurrent state based
on the discharge current detection to provide the cutoff control over charge currents
and discharge currents corresponding to the respective states. For the processes of
the microcontroller 30, the CPU 31 acquires cell voltage values via the AD converter
38. The CPU 31 determines the normal operation state, the overcharge state, and the
over-discharge state.  According to the states, the CPU 31 controls operations of the
protection switches SW1 and SW2 via the FET driver 42. It may be preferable to
acquire not only the cell voltage, but also information about the temperature of the
battery cell 1 detected by the thermistor 3 via the AD converter 38.  The temperature
information may be used to likewise control operations of the protection switches SW1
and SW2 for protection against abnormal heating.

During these processes, the CPU 31 of the microcontroller 30 reads the

information about voltages and temperatures of the battery cell 1 from the AD
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battery cell 1, charge and di scharge currents, discharge term nation

vol tage (actually approxinated by the detection voltage in the

over-di scharge state), and tenperature via the AD converter 38. The
remai ni ng battery capacity cal cul ati on process further requires the power
(current) consunmed by the connected device and a di scharge termnation

vol tage (m nimum operati ng vol tage) uniquely specified for the device. The
remai ni ng battery capacity cal cul ation process transmts val ues cal cul at ed

177 a OEREESH BLE SRR I Sel o DRICPD 1 BertGiber obe et SEPRTRE y | ong

period such as over an hour. For exanple, successive inmaging is available
for appodhe valuesy For strpler ket v cansiderestatarie véidr a flovicappeadiectdaby one
hour on a digital still camera. Accordingly, it is preferable to update

the di StabwueﬁyMd&ﬁ@@%@éﬂ%db@h@%ﬁ@%%%ﬁmeénhr\t Eﬂ?c%eﬁg(gs% m nut e

or five to 10 nut es, exanp sati sty

user-request ed .di spl ay..accuracy. . Therefore, the renaining battery capacity
cal cul aR(}Pger?ttﬁTeoQ@é@Ey ﬁééi Wt esgqag}%tmqseggphgqtgpé@ew aeBOsEPlefe ¢ps\hee in
as short a tinme as needed for the protection process. In an extrenme case,
It | ustvoitgdortioe enjavatird ofthedrmeteni cadl baitoe the ABPpagivester 3&1 cul ati on
process and the process of transmtting cal cul ated values to the device

only when t I CRNSY | |
enbodi ment pgg ?@?ér;gﬁ%t?ﬁéré@ ﬂg? ggélg’gggmg@eri ssuétg)gﬂ)gﬁfogx téeir‘a({r(\aatHHlegyf 8@136@ to
the mcrocontroller 30 ysing the -, conmynjcation fromthe device, for
exanpl dnenfionad abaveput quﬁf 6*?39‘&1@@6 he ECTRERIRG @acity ohtberhatiary edhl ender 38.
An interval of the external interrupts is configured to be

transmits to the device the information calculated through communication with the

device. These processes enable a display mounted on the device to display the
remaining capacity of the battery cell 1 and the available remaining time.

In order to perform the remaining battery capacity calculation process like the
above-mentioned protection process, the CPU 31 needs to acquire the voltage of the
battery cell 1, charge and discharge currents, discharge termination voltage (actually
approximated by the detection voltage in the over-discharge state), and temperature via
the AD converter 38. The remaining battery capacity calculation process further
requires the power (current) consumed by the connected device and a discharge
termination voltage (minimum operating voltage) uniquely specified for the device.
The remaining battery capacity calculation process transmits values calculated based
on these pieces of information to the device via the conmmunication I/F 41.

| The device uses the battery cell 1 to operate for a relatively long period such

as over an hour. * For example, successive Imaging is available for approximately 10
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| onger than the execution interval of the protection processes to stabilize
operations and decrease the power consunption. Calculating the remaining
battery capacity requires detecting the power (or current) consumed by
devi ce operations or the discharge. In order to performthe renaining
battery capacity cal culation process at the specified tinme interval as
menti oned above, it is necessary to be able to read detected power
consunption values at a specified tinme interval. The foll owi ng describes

Shovi ng CRERGESITYD SRR I ip R A BRI Syiiueielil aatioper at  ons.

FIG 13 exenplifies changes in currents consunmed by a video canera that
uses a 4reeayAingly, dt is peeferadlavagmetate thealisplay b thei rémainingbaticriycapaciexatmpl e of
devices connected to the battery pack. As shown in FIG 13, the video

camer a drfint#v st @R inutd brfiRdto! 1§ ind¥es | fﬂfl { JeC Y Eaﬁﬁ@é}%ﬁﬁ%ﬂ ating

at timng T102. Then, the notor Is 1nitia ed at timng I ving the
not or nerates a.rush current to greatly increase the consunption current
nnnentgﬁFP??iﬁﬂBﬁ“P¥a§P@Wﬁ§CWWCFhe nmagnetic tape starts at timng T104,
the notor is driven to generate a rush current again and increase the
consunpt i on ciherefore, therenhdiningebatery capeeitg eakuintiongitocessmesd nof eat | y vari es
in a short period of time while the video canera is operating. For

R ol Sy R 8 B PR o R4 B
process. In an extreme case, it just needs to perform the remaining battery capacity
calculation process and the process of transmitting calculated values to the device only
when the processes are needed. In consideration for this, the embodiment performs
these processes by issuing an external interrupt to the microcontroller 30 using the
communication from the device, for example. At this time, information is acquired
from the AD converter 38.  An interval of the external interrupts is configured to be
longer than the execution interval of the protection processes to stabilize operations
and decrease the power consumption.

Calculating the remaining battery capacity requires detecting the power (or
current) consumed by device operations or the discharge. In order to perform the
remaining battery capacity calculation process at the specified time interval as
mentioned above, it is necessary to be able to read detected power consumption values
at a specified time interval.

The following describes information needed to detect the power consumption.

FIG. 13 is a graph showing changes in consumption currents during video camera
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current when a lens is driven or a strobe light is used. However, it is

I nportant to neasure a device's average consunption current, not a
short-term current change so that the remaining battery capacity can be
cal cul ated highly accurately. Conventionally, in order to detect an average
consunption current, the current is converted into a voltage using a
resistor inserted serially with the battery cell. A voltage waveformis
detected via the AD converter. Calculation is perforned to average
detecte% éﬁkggs However, this nethod conplicates the process to average
oper at | 5 y“the ntcrocontroller A highly accurate operation requires
increasing the frequency of the process or enhancing the size of nmenory to
store the detdtt éd eﬁ@nphﬁaeshangesuhmnqmcmmmdm hoildocanerpthmi de a
filter at an input side of the AD converter and neasure an average val ue

Usi ng kS dtbelo drivBY Hagriehit $aft MO viAEIEAHES i§ n'eﬂ%?ié @fdé%ﬂ:e%‘r ea for

arelatively large external part "and increases manu acturrng costs.
contrast odi e OVI de he f 9 in the mcr controller
S0t o Gebatdted P B¢ urfpt i o3 e3P eimptads G &0 ocess
to detect a consunption current by the mcrocontrol ler 30. FIG 14 shows
an i nt émmag TXHnf i Ao ieinahcieodnythets operbting htdnigaTy@2.39Thds thhawioriis FI G
14, the fuel gauge 39 conprises: a differential anplifier 39a whose input

L gk g SORARRIEIY 0 DAY AGNES Al LIRS S, ARHEFL BRaGST Stor R

a capacitor QG nt ected an ou erm nal an erting

I nput .term nal of the differenti al r}PI | fw]e1 39a; .a resi stor Rl nt serially
i nser t ACIgas6IBE qOR§HUNption current momentar en recording on the magnetic tape

starts at timing T104, the motor is driven to generate a rush current again and increase
the consumption current.

In this manmner, the consumption current greatly varies in a short period of time
while the video camera is operating. For example, a digital still camera is also
subject to a large variation in the consumption current due to generation of a rush
current when a lens is driven or a strobe light is used. However, it is important to
measure a device's average consumption current, not a short-term current change so
that the remaining battery capacity can be calculated highly accurately.

Conventionally, in order to detect an average consumption cwrrent, the current
is converted into a voltage using a resistor inserted serially with the battery cell. A
voltage waveform 1s detected via the AD converter. Calculation is performed to
average defected values. However, this method complicates the process to average
operations by the microcontroller. A highly accurate operation requires increasing

the frequency of the process or enhancing the size of memory to store the detected
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battery cell side of the resistor Rs and the inverting input termnal of
the differential anplifier 39a; conparators 39b and 39c whose inputs are
output fromthe differential anplifier 39a and a reference vol tage Vref;
and a charge counter 39d and a di scharge counter 39e connected to outputs
of the conmparators 39b and 39c, respectively. The fuel gauge 39 uses the
resistor Rs to detect the consunption current as a voltage. Input to the
differential anplifier 39a is inverted and fed back via the capacitor
Cnt. In this configuration, the differential anpljfier, 39a operates as an
i nt egr ¥elges.f opnpsy tvailatlamethodastty provide mittse atan mpubHide o gD fi er 39a
IS input to a positive-phase input termnal of the conparator 39b and an

i nver t tagyerpahd nSdaRiadn Hlerd® V418 GSIRP A tidter. 39 owERer, el edetiie® Vol tage
Vref is input to the inverting input erm nal of the conparator 39b and a

posi tiyve-phase.i t.termpal of th onpar.at g 9¢..ln this manner, the
corrpar&%‘%&s §§W§%Wﬁ%fq&ﬁ%ﬁ§a é’%ﬁ‘%@@i B%ﬁ%aﬂé INCESRHS havi ng reverse
polarities. Wen a charge current flows, an input voltage fromthe

di f f er pranfdctempg ¢éster 39a may exceed the reference voltage. In this case,
the conparator 39b resets the input voltage and outputs a pul se signal.

Wen an i npUBg%QJnh@Q@ﬂie%rh@@diﬂi&fc Pf&@&és?the f@é[?ahéé 92 eiﬁ%ifb tGbER R er 2N

out put frequency of the conparator 39b increases. T charge counter 39d

e © 208 GRIECt ol SEoR B0l LhR e e 08 aros  Reetl i

charge) of the charge current flow ng through the resistor Rs during the
per i odconduinkptiesaradtdy the diisicangellend(r. e I I1dvehowareni infeumalvol t age from
the differential
configuration example of the fuel gauge 39.
As shown in FIG. 14, the fuel gauge 39 comprises: a differential amplifier
| 39a whose input terminals are connected to both ends of the current detection resistor
Rs; a capacitor Cint connected between an output terminal and an inverting input
terminal of the differential amplifier 3%a; a resistor Rint serially inserted between the
battery cell side of the resistor Rs and the inverting input terminal of the differential
amplifier 39a; comparators 39b and 39¢ whose inputs are output from the differential
amplifier 39a and a reference voltage Vref; and a charge counter 39d and a discharge
counter 39¢ connected o outputs of the comparators 39b and 39, respectively.
The fuel gauge 39 uses the resistor Rs to detect the consumption current as a
voltage. Input to the differential amplifier 39a is inverted and fed back via the
capacitor Cint. In this configuration, the differential amplifier 39a operates as an

integrator for input voltages. Output from the differential amplifier 39a is input to a

positive-phase input terminal of the comparator 39b and an inverting input terminal of
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anplifier 39a may be smaller than the reference voltage. In this case, the
conparator 39c resets the input voltage and outputs a pul se signal. The

di scharge counter 39e counts the nunber of pulses output fromthe
conparator 39c at a specified tine interval. This operation neasures an
accunul ated val ue of the discharge current flow ng through the resistor

Rs. Using this fuel gauge 39, the mcrocontroller 30 reads count val ues of
the charge counter 39d and the di scharge counter 39e at the specified tine
interval for conversion into the consumed power and the power charged in

t he batthecympadatorB9c. r ddwactarengeyoltige irefraiinpuigoiiae nveytingaipgpot t y

cal cul ation process can be perforned. 54 The fuel gauge 39 outputs an

aver ag %&élmhﬂ?f e caﬁ@ggag@ﬁ%gq%@é%@igggﬁggéuﬂ@gt REMESal of the &&nﬁéﬁ%gdrm eto

greatly decrease pro oads o I spl ayi ng
remai ning battery capacity. In addifjon he fuel gauge. 39 can be
ol endded 18 HiainaR ee CBURIOTE 4 A AIE PEHORE CHBURISPR OBPEIORS, ki ng

it possible to reduce the circuit installation area, power consunption,
and marathbbvingreversspelarifibs.s is advantageous for stably inplenenting the
protection function and the remaining capacity calculation function for

the Dat{ery SPhin dcABERGATHERGSST ApheloRlbe FOh R AMRLEniMNERIRE Vol tage

of the battery 'Ce ecreases very a good practice to
extend a unit tinme for accunul ating currents. This nmakes it possible to
accur at3aymyeexceed she pieignpe volageur ABARIS sase, (ke compARIIRYY epeto e t he
accuracy of displaying the remaining battery capacity. However, it is
di sadvappagetuge bad ougrid ¥ pekbeiygiahg Wigntanninpgt veltagedatiee differéminhi ni ng

batter
yampliﬁer 39a increases, an output frequency of the comparator 39b increases. The
charge counter 39d counts the number of pulses output from the comparator 39b at a
specified time interval. This operation measures an accumulated value (electric
charge) of the charge current flowing through the resistor Rs during the period.
Likewise, when a discharge current flows, an input voltage from the differential
amplifier 39a may be smaller than the reference voltage. In this case, the comparator
39c¢ resets the input voltage and outputs a pulse signal. The discharge counter 3%
counts the number of pulses output from the comparator 39¢ at a specified time
interval. This operation measures an accumulated value of the discharge current
flowing through the resistor Rs.
Using this fuel gauge 39, the microcontroller 30 reads count values of the

charge counter 39d and the discharge counter 39 at the specified time interval for

conversion into the consumed power and the power charged in the battery cell 1,

respectively. The remaining battery capacity calculation process can be performed.
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capacity display on the device. Consequently, it is desirable to configure
an interval for the CPU 31 to acquire consunption current values fromthe
fuel gauge 39 in consideration of a bal ance between the accuracy of
measuring consunption currents and the convenience of renmaining battery
capacity display. The interval of approximately two seconds is appropriate
to supply the power to portable devices such as digital video caneras and
digital still caneras. Wen the device is supplied with the power, the CPU

or ocess 86 1oL B 29 BT A et vk kS BE i oSOt e broh ek bowter - upt

process at a 2-second interval. The CPU 31 can performthe protection
pr ocesslt ippossible kegleatly eleyreasd protestinglaste of e CRUS vior didplaytityetitevi ce t o
be powered is not connect ed or is turned off, power consunption of the

bat tery, eﬁﬁiﬂém,lg Hﬁ%te%’fé ' | hf‘£tfh1#15‘1’? 6 filel :gﬁk% 99 cHEBE %ﬁ&grﬁés{:l%irngaz lowly.

In this cas atlon (0] he ove rge or ove state

is needed not so fr ently s for power, .suppl y t he devjce. The
saf ety H! I eircuheaniiaaion feshawmrmy ﬁfétl& %@&&%@E@ tagadyceriBer at ur es

fromthe AD converter 38 is set to be sufficiently |onger than the

| nst r ucgitcuit inkEktdN epagpewentorisiamplion; sebntanofdcturiidcostenelds sy, a tine
period of several nmlliseconds is needed to acquire the information about

and to BARIHERE Bl g PaRlori dfin bl Elotaln Aokl B GBI 0y e 1«

not connected or_is connected and is taped off, the enbodi nent all ows the
CPU 31 $apacity calculation function for the battery cell 1 on the microcontroller 30.

For example, when the voltage of the battery cell 1 decreases very slowly, it is
a good practice to extend a unit time for accumulating currents.  This makes it
possible to accurately detect a consumption current per unit time and improve the
accuracy of displaying the remaining battery capacity. However, it is
disadvantageous to greatly extending the timing to update the remaining battery
capacity display on the device. Consequently, it is desirable to configure an interval
for the CPU 31 to acquire consumption current values from the fuel gauge 39 in
consideration of a balance between the accuracy of measuring consumption currents
and the convenience of remaining battery capacity display. 'The interval of
approximately two seconds is appropriate to supply the power to portable devices such
as digital video cameras and digital still cameras. When the device is supplied with
the power, the CPU 31 can perform the remaining battery capacity calculation process
and the process to fransmit calculated values to the device based on the interrupt

process at a 2-second interval. The CPU 31 can perform the protection process for
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performthe protection process for the battery cell | in energy saving
node, greatly reducing the power consunption. The energy saving node
enabl es the protection process to be perfornmed at the 2-second interval in
the sane manner as the remaining battery capacity cal cul ati on process.

FIG 15 illustrates changes of operation nodes of the mcrocontroller 30.
In FIG 15, when the device to be powered is connected to the battery pack
and is turned on, the mcrocontroller 30 is placed in "active node" as its
oper ati gn de. en t.he device.is turned off or is not connected, the
n?croc&ﬁ?b@&g rc ?E?S&W@%égﬁﬂﬁl"energy savi ng node" as its operation
node. The active 'nbde enabl es 56 operations at a fast clock of 6 MHz. The

ener gy savi ndffinzide\eomtn Espoperedts poiscaaineetedlopys Birgekoflf pdderkHz to further
i mprove the power consunption effect. The active node is broadly divided

into a g ' p i state". The
cormuni S YBPRRA e BAiErf colTds Toy sshAERRTHE 8 ek b Bt e

m crocontrol | ég'o and takes effect corresponding to an interrupt every
t Wo sec@%g‘f b 15 $35% [the Aetagnipation of thawvercdsirgadr everadiseirgs stateds
conmuni cabl e state takes effect in response to an interrupt fromthe

connectmetdaénotso fredifenlyesdonteicadrisapplytoahé HBYicOC CThE safe 31 reads
information fromthe AD converter 38 g% t he fuel gauge SQBEQI' e CPU 31

provid t: ] r f e protection swtches SW1 and SW
corresgeglr? i nérftﬁ{oe%geggﬂgﬁr?%ie‘(?%l\%ﬁgaﬁgﬂ?ﬁera@@%ﬂ & AL KANYRIIGHed® Bper at i on
states. The CPU 31 cal cul ates information needed to display the renaining
bat t er yoek b sulficiently donges thanstheestiustiondedkofiequency ef tevinbeocontroller

30.

Generally, a time period of several milliseconds is needed to acquire the
information about voltages and temperatures of the battery cell 1 via the AD converter
38 and to determine the overcharge or over-discharge state. When the device is not
connected or is connected and is turned off, the embodiment allows the CPU 31 to
perform the protection process for the battery cell 1 in energy saving mode, greatly
reducing the power consumption. The energy saving mode enables the protection
process to be performed at the 2-second interval in the same manner as the remaining
battery capacity calculation process.

FIG. 15 illustrates changes of operation modes of the microcontroller 30.

In FIG. 15, when the device to be powered is connected to the battery pack
and is turned on, the microcontroller 30 is placed in "active mode" as its operation

- mode. When the device is turned off or is not connected, the microcontroller 30 is

placed in "energy saving mode" as its operation mode. The active mode enables
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via the conmuni cation OF 41. Wen the information has been transmtted and
the comunication with the device term nates, the state changes to the

i nconmuni cable state. In the i ncommunicable state, the CPU 31 reads
information fromthe AD converter 38 at an interval of 0.2 seconds clocked
by the timer 36. The CPU 31 provides control to turn on or off the
protection switches SWI and SW2 corresponding to the identified state. At
this time, the CPU 31 does not performthe process to read i nformation

frontthe f 3 act ve node, the rocess for the
bt t er restfons R atiriiunk i SEE7 ThEcBHaS saviRafedk bichger i at Ag
battery capaC|ty cal cul ation process Is perforned correspondlng to the
conmmuniloet¢lock ohB2kiHrin fatthethenfose twpbweradonsumption effecnt r ol oper ati ons
can always stably perforntthe protection process against variations of the
cell voltage. | ' r processes
for the soph;nfl%%ﬁg FQﬁggﬂg%% gg&g@éﬁuﬁﬁgg%ﬂﬁbﬁﬁe#ﬁ@?é@ﬁ@%g and

cal cul gtion of lnfﬁkgat|on needed to di_splay the renaining battery capacity
with deRGEaguE fons rcpaﬁmaﬁaa@aﬁtatecpeﬁ@nmwcaﬁrﬁ@ gbteePe node
permts both the protection process for the battery cell 1 and the

T emai nithg deaickany thapdgiccyneallapdndoakey effas sotrespmdigy foammRekraipta gi ven
cycle. It is desirable to set this cycle to an even-numbered nultlple of

e e i e T e e e e e o

m crocontrol ler 30 is sacrificed.
communicable state takes effect in response to an interrupt from the connected device.

‘When a communication interrupt occurs, the CPU 31 reads information from the AD
converter 38 and the fuel gauge 39. The CPU 31 provides control to turn on or off
the protection switches SW1 and SW2 corresponding to each of the overcurrent,
overcharge, and normal operation states. The CPU 31 calculates information needed
to display the remaining battery capacity and transmits the information to the device
via the communication I'F 41. When the information has been transmitted and the
communication with the device terminates, the state changes to the incommunicable
state.

In the incommunicable state, the CPU 31 reads information from the AD
converter 38 at an interval 0f 0.2 seconds clocked by the timer 36. The CPU 31
provides control to turn on or off the protection switches SW1 and SW2 corresponding
to the identified state. At this time, the CPU 31 does not perform the process to read

information from the fuel gange 39.

In the active mode, the protection process for the battery cell 1 is performed at
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The rel ationship of an even-nunbered nultiple can sinplify the control by
mai ntai ning the stability. When a conmunication interrupt occurs after a

| apse of two seconds clocked by the timer 36, the inconmunicable state
changes to the comuni cabl e state. When no conmunication interrupt occurs
after a |l apse of two seconds, the state changes to a sleep state. In the
sl eep node, the mcrocontroller 30 reads information fromthe AD converter
38 and the fuel gauge 39 at the 2-second cycle. The m crocontroller 30

provi de ontrol to turn.on or .off the protection switches SWL and SW2
accorditﬁﬁng_sectqlilél V& tﬁhﬁ‘e@ngatlm batig c%\qf@ﬁlt‘é\%]é’rufaﬁf’&{)ﬁﬁ‘t‘qséhs needed for

the remai ning capacity 58 display. Calculated values are stored in the

EEPROM & forfwed erespbrding te thesemnfonicadvaintearapral the Parcondepds, and are
updated by a newy cal cul ated value. A conmunication interrupt, when

Che. conpteeabngrapelAia, Lt CullRE R TS e tfieel B BRIGASH PERNS,™COnt ol <

the transitjon hetween the active, node and the energy saving node. For
this puyasssiens phihagedl vdnger oFreher, Bbegomss possibleiperoede smpatant he devi ce
I's connected or the connected device is turned on by detecting whether or

not t heproessyeniciahe eophiktidhtddieattey kech ADd@anRindGtioatwith ds@eed dned i nterval .
That is to say, when the communication with the device does not take place

e BN BESRiN% 0 BpPh R FOkdniie flsk) B8R ifons 1 n the
energy c?gcl:\r/éaggd pg\?v%? consumption and sufficient accuracy. |
| The active mode permits both the protection process for the battery cell 1 and
the remaining battery capacity calculation process to be performed at a given cycle.
It is desirable to set this cycle to an even-numbered multiple of the cycle only to
perform the protection process.  If these cycles have the relationship of an
odd-numbered multiple, the control stability of the microcontroller 30 is sacrificed.
The relationship of an even-numbered multiple can simplify the control by
maintaining the stability.
When a communication interrupt occurs after a lapse of two seconds clocked
by the timer 36, the incommunicable state changes to the communicable state. When
no communicatjon interrupt occurs after a lapse of two seconds, the state changes to a
sleep state. In the sleep mode, thé microcontroller 30 reads information from the AD
converter 38 and the fuel gauge 39 at the 2-second cycle. The microcontroller 30

provides control to turn on or off the protection switches SW1 and SW2 according to

the identified state and calculates information needed for the remaining capacity
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The energy saving node increases the interval to performthe protection
process for the battery cell 1 to prolong the time during which the AD
converter 38 stops operating. In this manner, it is possible to greatly
save the power consunption. Even when the mcrocontroller 30 operates in
t he energy saving node, the overcurrent detection circuit 20 always
detects an overcurrent. |If an overcurrent is detected, the protection
switches SWL and SW2 are controlled according to the state. At this tineg,

the m cy. ntrall 30 i-s.1n rupt ed. cting.the interrupt, the
m croc cgﬁﬁjﬁ%'l e&dﬁﬁfa]t%cp‘t’%ﬁ?&%ﬁq@& %&eﬁﬁﬁﬁpﬁ%%t if’é e%?‘é‘é’%m@%?%“’i’@%et t he
overcurrent state in the RAM 34, for exanple. 59 Even when the battery
pack deyerhealcglappn propseskand are medaded by e nemtly caloulateduvaleat det ecti on
circuit 20 needs to be always operated in addition to the protection

proces %oh%uhf&ﬁti&ﬂﬁt@ﬁb(%lc ®/Hen !octéﬂn%dl‘,%n%ﬁé YEORTR! Ihﬁie ol clﬁﬁg% didal y,

decreasi ng the power condunption of the mcrocontroller 30 1§ very

i mportant to royi de the, stable protectjon function for the battery cell
1 The 1A 3Pl $81e 1961 SOBPEURCARE Sleh '« he viat oh dog ti ner 37

especially for the purpose of ensuring stable operations of the protection
function for Admehtiohel sbael the thicrdtmntswdles BO dogtrolsribe trasidbndysyeamni t or s
timngs to performthe protection process. If the protection process is

(ot PEAEREE MDA ORREC VL A SlorEpuESGETIS okl Vel
et ch AP Y e pEAgt TR s GAMBICH @ (P GoBREteR price bauried o, |
on by detecting whether or not the communication with the device takes place at a
specified interval. That is to say, when the communication with the device does not
take place within a specified time period, the microcontroller 30 assumes a decrease in
the discharge load of the battery cell 1 and permits operations in the energy saving
mode.
The energy saving mode increases the interval to perform the protection
process for the battery cell 1 to prolong the time during which the AD converter 38
stops operating. In this manner, it is possible to greatly save the power consumption.
Even when the microcontroller 30 operates in the energy saving mode, the
overcurrent detection circuit 20 always detects an overcurrent.  If an overcurrent is
detected, the protection switches SW1 and SW2 are controlled according to the state.
At this time, the microconfroller 30 is interrupted.  'When detecting the interrupt, the

microcontroller 30 is temporarily restored from the sleep state to set the overcurrent

state in the RAM 34, for example.
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state determ nation based on the cell voltage and control of the protection
swtches SW. and SW2 corresponding to the state). In this manner, it is
possible to always avoid an erratic operation of the mcrocontroller 30
itself and normally operate the protection function for the battery cel

1. [Overall process of the mcrocontroller after restart] Wth reference to
a flowhart, the follow ng describes an overall process flow of the

m crocontroller 30 including the protection of the battery cell 1 and the

overal 1 ow BroprEREBELAET bR BhORsDuBlairarde B Bt "5 1301, the
cell voltage increases to increase the power supply voltage supplied to

t he m cowranrens|detectvo.cipnsrOtreeds tmbe lopeset¢d mpelditactothea specified
val ue, the mcrocontroller 30 starts based on a timng signal fromthe

pover SRRk GroEdss forfe bﬁﬁ_@lﬁeﬁ_’%laﬁg ﬂiéér’]'igﬁ’&b@érﬁ}dﬂei‘@b?r Aé&%r(ﬁﬁglﬁlt up

corresponds to'the process i a description’is omftted. At step
S 1302,dthe tinmpr 36 starts count't the tine Aé{)er t he el apse of two
secondsICHFSI BRIV es coRaERRUPR O agiroller 39 &pvesy imporiapte cpU 31

det erm nes whether or not a communication interrupt occurs during the
2- secorptovalerthe stablepratentienrfupetiacfortise batherypelddess proceeds to step S
1304. If an interrupt occurs, the process proceeds to step S 1307. The
process oper afsnjifrochRr&ie s PR RS WRAHE WAHRIPEEP fintr 39 UpdMMIRFRY
the purpose of ensuring stable operations of the protection function for the battery cell
1. The watch dog timer 37 always monitors timings to perform the protection
process. If the protection process is not performed within the specified time of two
seconds or more, the watch dog timer 37 assumes an erratic operation of the
microcontroller 30 and resets it.  Accordingly, each operation mode resets the count
value of the watch dog timer 37 at every termination of the protection process (i.e.,
state determination based on the cell voltage and control of the protection switches
SW1 and SW2 corresponding to the state). In this manner, it is possible to always
avoid an erratic operation of the microcontroller 30 itself and normally operate the
protection function for the battery cell 1.
[Overall process of the microcontroller after restart]
With reference to a flowchart, the following describes an overall process flow
of the microcontroller 30 including the protection of the battery cell 1 and the

remaining battery capacity calculation.

FIG. 16 is a flowchart showing an overall flow of processes by the
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S 1306. At step S 1304, the process perforns a subroutine, i.e., the
protection process for the battery cell 1 (hereafter referred to as a
battery protection process). Based on the cell voltage detection, the
subrouti ne determ nes whether or not an abnormal state occurs in the
battery cell 1. The subroutine controls the charge and the discharge
according to the state. This subroutine will be described later with
reference to FIG 17. At step S 1305, the process perfornms a subroutine for
remai ni Qaﬁhﬁg%' gapaC|ty detection. The subroutine cal cul ates

i nf ormat’i on needed to display the remaining battery capacity in a device
to be connected. This subroutine will be 61 described |ater with reference
to FIG 18. Abtsiepsld0l3becell veltageimemssesdednereasecthe pomer sapply voltaghe wat ch
dog tinmer 37. The process returns to step S 1302 to determ ne whet her or

ot anaiuglicd et dMrollen 86! T WhernBeWouRe sebilyRaIpOrapands. |1

communi cation int errupt occurred duri ng process 1S

e peraribd Vi U MR gt ' Elspded o piE sSR e e

capacity cal cul ati on process |s performed |ike step S 1305. At step S
1309, t@ppr osast1q.r akberprasesninomedintay afiertie dtafrmp domespemdsi toithg  capaci ty
di splay such as the value calculated at step S 1308 to the device via the

commniélgg&és@qn m@g.anaty@s&%ﬁgr{@tdﬁ%&ncl udes, for- exanple, the present
vol t ag

At step S1302, the timer 36 starts counting the time.  After the elapse of two
seconds, the process proceeds to step S1303.

At step S1303, the CPU 31 determines whether or not a communication
interrupt occurs during the 2-second count.  If no interrupt occurs, the process
proceeds to step S1304.  If an interrupt occurs, the process proceeds to step $1307.

The process operates in the energy saving mode from steps $1304 through
S1306. At step S1304, the process performs a subroutine, i.e., the protection process
for the battery cell 1 (hereafter referred to as a battery protection process). Based on
the cell voltage detection, the subroutine determines whether or not an abnormal state
occurs in the battery cell 1. The subroutine controls the charge and the discharge
according to the state. This subroutine will be described later with reference to FIG.
17.

At step S1303, the process performs a subroutine for remaining battery

capacity detection. The subroutine calculates information needed to display the

remaining battery capacity in a device to be connected. This subroutine will be
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and tenperature of the battery cell 1, the accunul ated remnai ni ng di scharge
current and power consunption calculated fromthe accunul ated current
value, and the tenperature coefficient specific to the battery cell 1. At
step S 1310, the process resets the count value of the watch dog tiner 37.
At step S 1311, the process determ nes based on the count of the tinmer 36
whet her or not an interval of 0.2 seconds has el apsed after occurrence of
the comunication interrupt (corresponding to step S 1303). If that period
has el apsed, ..the process pr.o to step S 1312. At step S 1312, the
procesagﬁgﬁ@g&WﬁE§E¢H§§ﬁ%W£HPﬁﬁ§€ﬁgn interval of 2 seconds 62 has el apsed
after occurrence of the communication interrupt. If not, the process

proceeds to sitefepIUB08; thefpravedsnmeety/die coinPvaee ofite washelogpanet, 37.he
process returns to step S 1303 to determ ne whether or not a

cor nmu r ' ; I on

or ocosa P PrbGRs S Rlep F 120 RorBliie whohe] Sp yol Sy FRlpBREAEEh 1o,
process is perfornmed at an interyal of 0.2 seconds. On the other hand, the
r emai niHETBRE QEHed SyRER I OStEeMSat i on process at step S 1308 is perforned
at an interval of 2 seconds. Though not shown, the overcurrent detection

circuit 20 alfraysméeindeti®ndnter@ipeoctiteiduring twiesdeahtis e paidesd is
i ndependently of operations of the mcrocontroller 30. en detecting an

overCuEApeA IEREIGEVIAER, S ALSPIE e At SRRt ot o0

detection circujt 20 jnterrupts the mcrocontroller 30 due to overcurrent
occur r Badermed hike step S1304.

At step S1308, the remaining battery capacity calculation process is performed
like step S1305.

At step S1309, the process transmits information needed for the remaining
capacity display such as the value calculated at step S1308 to the device via the
communication /F 41.  This information includes, for example, the present voltage
and temperature of the battery cell 1, the accumulated remaining discharge current and
power consumption calculated from the accumulated current value, and the
temperature coefficient specific to the battery cell 1.

At step S1310, the process resets the count value of the watch dog timer 37.

At step S1311, the process determines based on the count of the timer 36
whether or not an interval of 0.2 seconds has elapsed after occurrence of the
communication interrupt (corresponding to step S1303).  If that period has elapsed,
the process proceeds to step S1312.

At step S1312, the process determines whether or not an interval of 2 seconds



In the mcrocontroller 30, the CPU 31 nonitors an interrupt fromthe
overcurrent detection circuit 20 as needed during the process according to
the flowchart. Wen detecting an interrupt caused by the overcurrent, the
CPU 31 rewites state-indicating node information (Safe node) stored in
the RAM 34 so as to indicate the overcurrent state. FIG 17 is a flowhart
showi ng the battery protection process (corresponding to steps S 1304, S
1307, and S 1313 in FIG 16) by the mcrocontroller 30. The, CPU 31 first
reads Ege af e gﬁde st ored éE the RAM 34 to. |dent|f% t he present

pr ot ectA® FIAPE RICSCHESPeSe hg COBRYRISACn teITuR] 4 4FNOSheIIocessd S1419) .
63 If the over-discharge state takes effect presently at step S 140 1, the

pr oces progueds aegte? 1503$8 e pIfanlih@RvalAf ¢eepnds ﬂa’éﬂa;f)steﬁeﬂw 2083 re@atistot he
cell voltage (Vcell) fromthe AD converter 38 the cell voltage is

| ower therwi se to step
S 1404%@%?{(@ tgge&‘%%ﬁé ﬁﬁlgﬁ%}‘ @%@gg&g@ﬁﬁb@éﬁ%ﬁ%‘ ?&#ﬁ%é’%‘gge to be very | ow
and shuts dovvn the mcrocontroller 30 itself. At step S 1404, the process
reads not onlAf steieSERI3, theobatiegy proteeharhprosess m@mf@rm@dhkestemtSléDéo t he

I nformation indicating whether or not the charger is connected and whet her

or not aadEId0ge Yhkthagery ?ro%l@ibh%ﬁ'ocdsg if P fcithed atcaht;ﬁ&?vai%fm Dh&onlifan 2. 65

V and the charge starts,” the procCess proceeds to step S 1405 or otherw se
term S he oq_ﬁersh brdoﬁlte rrérenalmng battery capacity calculation process at step S1308 is

performed at an interval of 2 seconds.

Though not shown, the overcurrent detection circuit 20 always detects an
overcurrent in the battery cell 1 independently of operations of the microcontroller 30.
When detecting an overcurrent, the overcurrent detection circuit 20 turns the protection
switches SW1 and SW2 off and on, respectively. In addition, the overcurrent
detection circuit 20 interrupts the microcontroller 30 due to overcurrent occurrence.

In the microcontroller 30, the CPU 31 monitors an interrupt from the
overcurrent detection circuit 20 as needed during the process according to the
flowchart. When detecting an interrupt caused by the overcurrent, the CPU 31
rewrites state-indicating mode information (Safe mode) stored in the RAM 34 so as to
indicate the overcurrent state.

FIG. 17 is a flowchart showing the battery protection process (corresponding
to steps S1304, S1307, and S1313 in FIG. 16) by the microcontroller 30.

The CPU 31 first reads the Safe mode stored in the RAM 34 to identify the

present protection state (corresponding to steps S1401, S1407, S1415, and S1419).
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At step S 1405, the process transmts a control signal to the FET driver 42
to turn on the protection swtch SWL At this tinme, the protection switch
SW2 is taned on. At step S1406, the process rewites the Safe node in the
RAM 34 so as to indicate the nornmal operation and term nates the
subroutine. At step S 1407, if the normal operation state takes effect
presently based on the read Safe node, the process proceeds to step S
1408. At step S 1408, if the cell voltage read fromthe AD converter 3 8 is
|l ower than 2.6 V, the process proceeds to step S 1409 or otherwi se to step
S 1412. 64 At diepves-dismyarga Hategrlescadtect presentlyt af seed @ lolthespigeess to t he
FET driver 42 to turn off the protection switch SWI. At this tine, the

pr ot ectirofecivitd elepPRUO2s turned on. At step 51410, the process rewites
the Safe node in Phe RAM 34 so as to indicate the over-discharge state.

The cell volt riher decrease thereafter shut do t he
m crocontr ol ngse[%n%&}-gﬁt&hglgachssr ’&aﬁ? ﬁ}esceili ‘f‘ﬁ‘%ﬁ?&({ Cgltl) Ef’@pﬂg 11, the
process copies the configuration value stored in the RAM 34 and the |ike

to t he ®EPROM 3% f Hrthe aell moltageTisilowenthian gui ¥ therprocdss proceeds koste@t ed wi t h
the present operation state. Then, the subroutine termnates. At step S

1412, ig140%e0Cthérwied E@g@l:[) kg4b4 gher than 4.25 V, the process proceeds to
step S 1413 or otherw se term nates the subroutine.

At step S1403, the process assumes the cell voltage to be very low and shuts
down the microcontroller 30 itself.

At step S1404, the process reads not only the cell voltage from the AD
converter 38, but also the information indicating whether or not the charger is
connected and whether or not a charge voltage is applied. If the cell voltage is higher
than 2.65 V and the charge starts, the process proceeds to step S1405 or otherwise
terminates the subroutine.

At step S$1405, the process transmits a control signal to the FET driver 42 to
turn on the protection switch SW1. At this time, the protection switch SW2 is turned
on.

At step S1406, the process rewrites the Safe mode in the RAM 34 50 as to
indicate the normal operation and terminates the subroutine.

At step §1407, 1f the normal operation state takes effect presently based on the
read Safe mode, the process proceeds to step S1408.

At step S1408, if the cell voltage read from the AD converter 38 is lower than

2.6 'V, the process proceeds to step S1409 or otherwise to step S1412.

64



At step S 1413, the protection switch SW turns off. At step S 1414, the
process rewites the Safe node in the RAM 34 so as to indicate the
overcharge state, and then term nates the subroutine. At step S 1415, if
the overcharge state takes effect presently based on the read Safe node,
the process proceeds to step S 1416. At step 51416, if the cell voltage
read fromthe AD converter 38 is |lower than 4.15 V, the process proceeds
to step S 1417 or otherwi se term nates the subroutine. At step S 1417, the

process turns t ection W|tch SW2. At t.he ess
Pear i tos tne Abnes STAE0ME Bratinfitenit sty S%lﬁﬁ%ﬁ'@ﬁ@fflﬁge g
operation state and term nates the subroutine. is determ ned at step
51415 tthat offiibe puatecticar syatcaht SHE . d obsthimtime athe pe@tﬁaetmn switels SW2 ys, tutiiesl
process determnes that the overcurrent state take effect presently, and
then prgceeds to step S 1419. At step S 1419, if the cell voltage read from
the AD converter 38 is lower than 2.2 V, the process proceeds to step S

1420 or ot her S 1421. AL step 142 e_process shuts down
the microconthl w@%ib tﬁ%prqcesw\%rét@ﬁﬂ@lsé‘@ 4%@&%8&1\4%%%5 tohe

i nformation fromthe AD converter 38 indicating whether or not the charger
I s connedicatk thedvehdisohargestatet a charge voltage is applied. If the charge
starts, the process proceeds to step S 1422 or otherwise termnates the

subroutine. A SLaPy ity it RERES hiidRePb i BAIEL T on Wi teh SW

microcontroller 30. To prepare for this situation at step S1411, the process copies the
configuration value stored in the RAM 34 and the like to the EEPROM 35 for saving.
This configuration value is associated with the present operation state. Then, the
subroutine terminates.

At step S1412, if the cell voltage is higher than 4.25 'V, the process proceeds to
step S1413 or otherwise terminates the subroutine.

At step S1413, the protection switch SW2 turns off.

At step S1414, the process rewrites the Safe mode in the RAM 34 so as to
indicate the overcharge state, and then terminates the subroutine.

At step S1415, if the overcharge state takes effect presently based on the read
Safe mode, the process proceeds to step S1416.

At step S1416, if the cell voltage read from the AD converter 38 is lower than
4.15'V, the process proceeds to step S1417 or otherwise terminates the subroutine.

At step S1417, the process turns on the protection switch SW2.

At step S1418, the process rewrites the Safe mode in the RAM 34 so as to
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At step 51423, the process rewites the Safe node in the RAM 34 so as to
I ndi cate the normal operation and term nates the subroutine. The
above-nmenti oned processes inplenment the charge and di scharge control
corresponding to the present cell voltage and restoration fromthe
overcurrent state under software control of the mcrocontroller 30. Wen
the Safe node is rewitten, it nay be preferable to |log the state
transition in the EEPROM 35. FIG 18 is a flowhart showi ng a remai ning

battery. gapacity cal cul atj.on rocess (corresponding to steps S 1305 and S
1308 idﬂé}‘%?e%)n%@a PRETANRR sRmnddermates. the subsouiep s 150 1, the process

reads the tenperature of the battery cell | according to an output signal

fromthe AD dfinviedtermaed aAtstey $P4HS thaOBe dvbﬁ:h@f%l’ﬁﬁﬁt@ doegafst take epretit age of
the battery cell | according to an output signal fromthe AD converter 38.

G schareeit: hdSee S RRT GIRCLE DB ARG el o™

determ nes the presence _or absence of a charger's charge operation
accor ditagn Pergadota siep St tPal from the AD converter 3 8. At step S 1505,
the process cal culates information needed to display the remaining battery

capacity in tAestee$il4e0 BoaRAcINvdIRGe redORRL the ' i 1501
t hrough S1504. A?pthi s step, for teh%?mpl e, the g}]%?gggélgéail%b zéﬁgﬁt ag

RoCuTMI 2SS dhE BRR WolLaR N SR ST oRIRHEE 1o Gp ST pOVer consumption

At step S1420, the process shuts down the microcontroller 30 itself.

At step S1421, the process reads the information from the AD converter 38
indicating whether or not the charger is connected and whether or not a charge voltage
is applied. If the charge starts, the process proceeds to step S1422 or otherwise
terminates the subroutine.

At step S1422, the process turns on the protection switch SW1.

At step S1423, the process rewrites the Safe mode in the RAM 34 so as to
indicate the normal operation and terminates the subroutine.

The above-mentioned processes implement the charge and discharge control
corresponding to the present cell voltage and restoration from the overcurrent state
under software control of the microcontroller 30. When the Safe mode is rewritten, it
may be preferable to log the state transition in the EEPROM 35.

FIG. 18 is a flowchart showing a remaining battery capacity calculation
process (corresponding to steps S1305 and S1308 in FIG. 16) by the microcontroller
30.
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on an accunul ated current value acquired fromthe fuel gauge 39. At step S
1506, the process stores the calculated value in the EEPROM 35. For
exanpl e, the process also stores the detected voltage and tenperature of
the battery cell 1. At step S 1507, the process clears the count values in
the charge counter 39d and the discharge counter 39e, and then term nates
t he subroutine. The above-nentioned process in FIG 18 is peforned at a
specified tine period to highly accurately nonitor the renaining battery
capacity. [Crcuit configuration of serially connected battery cells] 67
There has bee%t&i@%&ﬁ%dﬁ@p@cg%reads thedempeteigtaldhg batery ceick ual Iy, there

may be used a plurality of serially connected battery cells depending on

the deQHc@_@rdixfl%t@ﬁﬁéutpﬁﬂsignm%@m@Mh@éﬁeﬂ%.SUCh case, it is necessary
to determ ne the overcharge or over-discharge, state for each of the

battery cells,, IL.n Lderation of .this he .f.ollaown rovi de
suppl ement ar y &SR ggg@%ﬁeﬂ%ﬁ?s KeAgs @%‘@]{aﬁe@éﬁh? eﬁi’l%Bﬁ 1aﬁ?ﬁor(€%%t i ons.
FIG 19 shows an internal configuration exanple of a battery pack using a

pl ur al ianowputsegnallffom donAdr cenventat B8ry cells. The nutual |y correspondi ng
conponents in FIGS. 19 and 4 are designated by the sane reference nunerals

and ° Symbol ¢ 20de?S1963 aht gﬁbaclégs;&gmﬁ At At bPheThIRld fid ‘ A cel |

vol t age needs to ‘be indivi etecte or each o

ggzcgﬂcﬁgch%éetng&%en%sehbiith-gofuglongugle%Q.It IS necessary to provide the AD

At step S1504, the process determines the presence or absence of a charger's
charge operation according to an output signal from the AD converter 38.

At step S1505, the process calculates information needed to display the
remaining battery capacity in the device based on the information acquired at steps
S1501 through S1504. At this step, for example, the process calculates the
accumulated remaining discharge current amount and the power consumption based
on an accumulated current value acquired from the fuel gauge 39.

At step S1506, the process stores the calculated value in the EEPROM 35.
For example, the process also stores the detected voltage and temperature of the
battery cell 1.

At step S1507, the process clears the count values in the charge counter 39d
and the discharge counter 39e, and then terminates the subroutine.

‘The above-mentioned process in FIG. 18 is performed at a specified time
period to highly accurately moniter the remaining battery capacity.

[Circuit configuration of serially connected battery cells]



I nput channel s corresponding to the nunber of battery cells. FIG 19 shows
an exanple of serially connecting two battery packs la and 1b. Two i nput
terminal ADC nl and ADCi n2 are individually provided to detect voltages at
each positive electrode of the battery packs |la and 1b. TheAD converter in
the mcrocontroller has differential inputs configured to detect a
difference between the input termnals ADC nl and ADC n2 and a difference
between the input termnal ADCin2 and an installation potential. In this

manner, the m.,crocontroller’. U can . ndi vi dual | acquire cell voltages
of the batt e%%"eﬁ?géelenaéeéﬁﬁgﬁgg%e Wtq{arsé‘fé?gﬁﬁ%ﬁ%@ﬂﬂ ctaglly, theae gaat er y
protection process at steps S 1304 and 68 S1307 just need to be perforned

for eadie uskdtatphusdity ef seriatlyrvuantedd battesr oells eilebéndih? onche deget af ieudsof t he
safety, however, a charge current needs to be cut off when even a single

batter Walall t r=4 &G I J: peration
state. chf&(%rﬁ'lg@ géglcc?é\@%el't ;lgles(a}éﬁ cg{g, ﬁgggl[h' Qegrs]%%,@#) %%?E%Wm%&%eg%oﬁﬁs | ower
than 2.6 V at _step S 1408 in FIG 17, for exanple, the process needs to

pr ocee @VEHUCBAES siale 4ok epchipf e battary csllat olneonsideraticay ofthisc ey ge state. At
step S1404, the state nust not be restored to the normal operation state
until dellbwired pragedesahipplemdnt@yabliaros abbst the epaRit BbafigiratibaAnd 2. 65 V.

Li kewi se, a discharge current needs to be cut off when even a single
battery, ea«ﬁd i ndi cates the overcharge state. If the cell voltage of at

| east ORE O l18’<31ttery cells becones higher than 4.25 V at step S 1412 in
FIG 17, for _exanpl

the state toﬂlﬁqu

e, the process needs to proceed to step S1413 to change
vhpBldingatestal configuratios gxamplesof a battery pack using a

plurality of serially connected battery cells. The mutually corresponding components
in FIGS. 19 and 4 are designated by the same reference numerals and Symbols and a
detailed description is omitted for simplicity.

A cell voltage needs to be individually detected for each of the serially
connected battery cells. To do this, it is necessary to provide the AD converter with
input channels corresponding to the number of battery cells. FIG. 19 shows an
example of serially connecting two battery packs 1a and Ib. Two input termina‘l
ADCinl and ADCin?2 are individually provided to detect voltages at each positive
electrode of the battery packs laand 1b. The AD converter in the microcontroller
has differential inputs configured to detect a difference between the input terminals
ADCin1 and ADCin2 and a difference between the input terminal ADCin2 and an
installation potential. In this manner, the microcontroller's CPU can individually
acquire cell voltages of the battery cells 1a and 1b.

With reference to FIG. 16, the battery protection process at steps S1304 and
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the state nust not be restored to the normal operation state until cel

vol tages of all the battery cells becone. lower than 4.15 V. As nentioned
above, the overcharge or over-discharge state is determ ned under software
control of the mcrocontroller. The enbodi nent can be applied to a
plurality of serially connected battery cells by easily nodifying the
software on the basis of |looping pal t of the program nodul es. This makes
it possible to suppress design costs and the circuit scale wi thout the

need to vi de additional circuits_ in accordance wi th the nunber of
‘bat t erﬁﬁﬁﬁjgs tai)ewfi%@ﬁgﬁww Yrihe fereadly canneetrd baiteiarcaland it may
be preferable to install the software conpliant wwth 69 serially connected

bat t er ycomgldesatiaroaf thbeafeeghoniener, atharhe duteens as®issobewat effosierbévenused to
performthe protection process for all battery packs that can use up to the

oo soTraPtRaty R Rl £ Ry PR E VR ind PR RSB NAI T 10

a single battery cell by assum ng voltages at the input term nal ADC nl
and ADd fize eell weltageeofsr deast ommef battsrp cellpbeqonarsdewer tranied peatfstemed with no
change in the software. 70 CLAIMS: 1. A battery pack conposed of a

secondag MY, I Eadxahiple Whé Brately AGRR %6 Pebcedd k& sszbg 19096 tRABe
processes including protection against error occurrence in the secondary

D21 e e S PR G B0 PR B A S SL LB 1"
the normal operation state until cell voltages of all the battery cells become higher than
2.65 V.

Likewise, a discharge current needs to be cut off when even a single battery
cell indicates the overcharge state.  If the cell voltage of at least one of battery cells
becomes higher than 4.25 V at step S1412 in FIG. 17, for example, the process needs
to proceed to step S1413 to change the state to the overcharge state. At step S1416,
the state must not be restored to the normal operation state until cell voltages of all the
battery cells become lower than 4.15 V.

As mentioned above, the overcharge or over-discharge state is determined
under software control of the microcontroller. The embodiment can be applied to a
plurality of serially connected battery cells by easily modifying the software on the
basis of looping part of the program modules.  This makes it possible to suppress
design costs and the circuit scale without the need to provide additional circuits in

accordance with the number of battery cells used as conventionally practiced.

On the other hand, it may be preferable to install the software compliant with
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the secondary battery; charge current cutoff neans for selectively cutting
off a charge current in the secondary battery; voltage detection neans for
digitizing and outputting a voltage between a positive electrode and a
negative el ectrode of the secondary battery; protection process neans for,
based on at |east an output voltage value. from the voltage detection
neans, determning a state of the secondary battery out of overcharge,
normal operation, and over-di scharge states and, according to a determ ned
state, cangrollin eratiops,.of the discharge current cutoff neans and the
char ge S@G?h% ﬁPﬂ%fi?g%ff ga%ﬁ& S HRn @@iﬁgm%&t gEb@recﬂtwr snerseftwareandieovi di ng
control to enable the discharge current cutoff neans in preference to the

pr ot ectiised tpperfesa theprsestioarprobess SecalhBatety paaks By cirsustaipiomheed to be in
an overcurrent state based on a charge and discharge current size of the

second ] Ny er accordi to clai.m1 further

conpri gbﬁ&?@#&%@%&%??ﬁ%ﬁﬁea SPE%J‘;YHB@ %@#ﬁ%@% 8015]{’)9‘%1}1\35}{5\” Oabsence of
a charge 7.1 operation by a _charger for the secondary battery, wherein,
when t erigBy epamediedbatasy wells agighaymimEG + 19 ¢am beapphied do arstugle batteryst at e,
the overcurrent detection neans interrupts the protection process neans;
and  t hellyoiReklien velasess (EeRpa: SahRANATRCIHINGELADTIAR Y bERld Siye.t 0 be in
the overcurrent state en detecting an interrupt fromthe overcurrent

det ect e Igr%?enc?i’on process can be performed with no change in the software.
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and restores a state of the secondary battery to the normal operation state
when an output voltage value fromthe voltage detection neans is greater
than a specified threshold value and the charge detection neans detects
execution of the charge operation. 3. The battery pack according to claim
2, wherein, when detecting an interrupt fromthe overcurrent detection
nmeans, the protection process neans uses nonvolatile storage neans to
store log information indicating transition of the secondary battery to

the overcurrent state and present ¢InAiMEration information needed for an
operation of the protection process neans. 4. The battery pack according

to any gne of the preceding clai wherei n the .protecti process neans
Stores present® BEHY GREAEPEIOSEY BF havoioiehLatiay 18RBaTS iR AR 0e T ne
protection process neans in nonvolatile storage neans and then stops an

oper at i ercutién petferrmerocasatsyinbhidireg yrotectipineagathst erranocomrendese iz ge st at e
and a voltage detected by the voltage detection neans becones snaller than

a specigfisth Ue R é&ﬁ% ihpreshol d value for identifying
transition t oa}ffhe © gi/er - %I slg,hgércé{te st It{ilse. EB. The battery pack according to
any one of the.preceding cl a{og, wherein the 72 overcurrent detection neans
det ermi nes t héll np geiot peprs Ke selectikedy oy RSHECharaR GUIFFEAD o
charge and di scharge current size of the secondary battery becones greater
than a shesddonddrytutesiol d val ue for a specified time period. 6. The
battery pack according to any one of the preceding clains, wherein the
charge current cutoff means for selectively cutting off a charge current in the
secondary battery;
voltage detection means for digitizing and outputting a voltage between a
positive electrode and a negative electrode of the secondary battery;
protection process means for, based on at least an output voltage value from
the voltage detection means, defermining a state of the secondary battery out of
overcharge, normal operation, and over-discharge states and, according to a
determined state, controlling operations of the discharge current cutoff means and the
charge current cutoff means; and
overcurrent detection means for providing control to enable the discharge
current cutoff means in preference to the protection process means when the secondary
battery is determined to be in an overcurrent state based on a charge and discharge
current size of the secondary battery.

2. The battery pack according to claim 1 further comprising:

charge detection means for detecting the presence or absence of a charge



overcurrent detection neans determ nes whether or not the overcurrent state
takes effect, using a voltage conparator which conpares a reference
voltage with voltages at both ends of a resistor serially connected to the
secondary battery. 7. The battery cell according to any one of the
preceding clains further conprising: tenperature detection neans for
digitizing a tenperature of the secondary battery, wherein the protection
process nmeans determ nes a state of secondary battery based on a val ue
resul ti nperatiombyar ctecgsrrior fhe seuopdsry battemge from the vol tage detection
means according to an output value fromthe tenperature detection neans.

8. The batter - i e of the egedi clainms further
conpri si ng: bﬁlgg ﬁ,exgﬁ@f)@grs@g%%c&l?%ﬁg llsgggeﬁ@ﬁqofoaedgqﬁgpﬁg@mr&mposi tive
el ectrode nd a negative el ectrode of the secondary battery, wherein the
pover s&3[: (eevaragectsletagiipninaerns dntenaiply e pretediopprcessmesan sndi a t he
boost neans. 9. The battery pack according to any one of the preceding

clai s, wher eih. prow€ion pheceSSERAAAHYPRTR e GQORA] | g of
serially connectped seco%dary battery{/3 cel | s,ethgﬂgﬁ%@ﬁrﬁgﬁgﬁ%ﬁ means

det ects | et.ween.a positive lectr.ode and a negatjve el ectrode
i ndi vi dag?f@“?‘g‘?&%tgé‘ﬁﬁe&&%%&&%bﬁmﬁ TP g overgrent C&%@Wﬁ@ﬁt ection

process neans 73 individually determ nes a state of each of the secondary
bat t er yar@rgstoreua stite olibeshernylary batbenyetb thpromnal aperativh siaterwltinsarhar ge
states based on an output voltage value fromthe voltage detection neans.

output voltage value from the voltage detection means is greater than a specified

threshold value and the charge detection means detects execution of the charge

operation.

3. The battery pack according to claim 2, wherein, when detecting an interrupt

from the overcurrent detection means, the protection process means uses nonvolatile

storage means to store log information indicating transition of the secondary battery to

the overcurrent state and present configuration information needed for an operation of

the protection process means.

4, The battery pack according to any one of the preceding claims, wherein the
protection process means stores present configuration information needed for an
operation of the protection process means in nonvolatile storage means and then
stops an operation when the secondary battery is placed in an over-discharge state
and a voltage detected by the voltage detection means becomes smaller than a
specified value much smaller than a threshold value for identifying transition to the

over-discharge state.

5. The battery pack according to any one of the preceding claims, wherein the
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10. The battery pack according to claim9, wherein, when at |east one of
the secondary battery cells is determned to be in the overcharge state,
the protection process neans provides control to enable the charge current
cutof f means, and when at | east one of the secondary battery cells is
determned to be in the over-di scharge state, provides control to enable
the di scharge current cutoff neans. 11. The battery pack according to any
one of the preceding clains, further conprising: current accunul ation

means f QveRttiriett deRetion sh<ng defepiiRsnARdbathdafy Bitter§asbRULaked val ue for
charge and di scharge currents of secondary battery; “comruni cati on nmeans for

est abl i sivermremtwtatd when archairgehamhdiechagaatirrdetdizeof fievecedddry battery
secondary battery; remaining capacity inforpmation calculation neans for

cal cul atbergimes gEsalerifan aapacified thresholdatalumbonsoweciiaddime perigdcapaci ty of
the secondary battery based on at |east an output voltage value fromthe
vol tage detection neans and an output signal fromthe current accumul ation
means and transnmits renaining capacity information to the external device
vi a t he6commilihedattepnparkaarsprding tpawe ons of the/prbetdingictetrisgwherdn shé or
determ ni ng the presence or absence of ower supply fromthe secondary

bat t er y OV CUHENLCSIERHR M90S delepriiey vhietheron ngiithe oyershrrenheiotgitakes | ity of

y HGLHEn BRI v euhRIot
= speci Pttt Brife s v SO or RIS FolDoRS s far e B PR on
Toans et BHEES of B3bsitioP solABPRAHAIRAG!BE YoduiRRY BRuagNer O the external

devi ce, the remaining capacit

7. The battery cell according to any one of the preceding claims further comprising:
temperature detection means for digitizing a temperature of the secondary battery, wherein
the protection process means determines a state of secondary battery based on a value
resulting from correcting an output voltage from the voltage detection means according to

an output value from the temperature detection means.

8. The battery pack according to any one of the preceding claims further
comprising: boost means for boosting at least a voltage between a positive electrode

and a negative electrode of the secondary battery,

wherein the power supply voltage is supplied to the protection process means
via the boost means.
9. The battery pack according to any one of the preceding claims, wherein,
when the secondary battery comprises a plurality of serially connected secondary

battery cells, the voltage detection means detects a voltage between a positive

electrode and a negative electrode individually for each of the secondary battery

cells, and the protection process means
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I nformati on cal cul ati on neans cal cul ates the remaining capacity information
and transmts a calculated value to the external device at the specified
time interval, and the protection process neans deternines a state of the
secondary battery at a tine interval shorter than the specified tine

I nterval ; and when the power supply detemlination neans determ nes that
the secondary battery does not supply power to the external device, the
remai ni ng capacity information cal cul ation neans cal cul ates the remaining

capaci t jndivitioslipteepmard a giterfeath of ﬂlers%@dlﬁi@‘%' bhfeSt @Y tof‘@ﬁé}éhal gd the
protection process neans deternmines a state of the’secondary battefy at

th i fi ti i nt | .. 12. The batt Kk ding to claimi1l,
wner o nioRASpstTon, AT OB st Beret afaR DA Pl by tag SRR
i nstruction clock frequency of the protection process neans and the

r emai ni woltagepdateation meansmat i on cal cul ati on neans. 13. The battery pack
according to claim1ll fin-ther conprising erratic operation avoi dance

neans f det [ @b h(Gl i 08, Yer i f at | east
oneof "The. pr o St bRk HRLORIAER! Auirk: pher b OB B G ¢ o1t 1 o

cal cul ati on ans based, on the presence or absence of operations thereof
at the 5OBARLY, tmwﬁgfﬁ ]ﬁt‘gﬁ}'ﬁpn tp bg dhe oy e’EOrS]i]él'&?r Butecthepiolsedess neans

and the renmaining capacity information calculation neans to perform an

i ni tial ppeesomepnopreyidestonird] toltyebiatheathurgeaakrat eafolf M@ahs) a6 ailBnldk.
wherein, when the power supply determ nation neans determ nes power supply

tot heaﬁééﬁﬂ%f ﬂ@‘é%&ﬁﬂca{'f’ﬂéﬁé}ﬁ ucr?gg @@%ﬁf\ﬁ@%?ﬁe 8% ¥n e et REEh b el ™

interv Is set to be an “even- ere

provides control to enable the discharge current cutoff means.
11. The battery pack according to any one of the preceding claims, further comprising;
curent accumulation means for outputting a signal corresponding to an
accumulated value for charge and discharge currents of secondary battery;
communication means for establishing communication with an external device
powered by the secondary battery;
remaining capacity information calculation means for calculating remaining
capacity information about a remaining capacity of the secondary battery based on at
least an output voltage value from the voltage detection means and an output signal
from the current accumulation means and transmits remaining capacity information to
the external device via the communication means; and
power supply determination means for determining the presence or absence of
power supply from the secondary battery to the external device based on availability or

unavailability of communication with the external device using the communication
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a cycle for determning a state of the secondary battery. 15. A battery
protection processing apparatus to perform processes including protection
agai nst error occurrence in the secondary battery, the apparatus
conprising: discharge current cutoff neans for selectively cutting off a
di scharge current in the secondary battery; charge current cutoff neans
for selectively cutting off a charge current in the secondary battery;
vol t age detection nmeans for digitizing and outputting a voltage between a

posi tivgalegts %iﬁé@thﬁe?ﬁ@%}%;e el ectrode of the secondary battery;

protection process mneans sed on an output voltage value fromthe
vol tage detection neans, determning a state of the secondary battery out
of over char g&heigat, vabenothenavies supplydletarainaiar heagedateaness god theaccor di ng
to a determned state, controlling operations of the discharge current

cut of f mnam@r&t&fseﬂg{%ﬁ;egﬁomgQ@gﬁ@%ﬁéﬁﬁgﬂ%e i%ﬂﬁjaiﬁin I bg(g;iﬁ{]t det ection

means for providing c to en arge curren of f neans
in preference.to th rotectio rocess neans when the secondary battery
i s det eﬁﬂﬁ%%l%cag%ﬁ?‘ﬁ%ﬂleé%P@Gﬁ@&%ﬁﬂﬁ%%E‘d{l@nﬁa{s@@aw Dfermatéen addl di schar ge
current size of the secondary battery. 76 16. A control nmethod of a battery
pr ot ect iramsnpitor ealsulatpdapiee i ihe exterpardevicn atphosseskal time inding, midahect i on

agai nst error occurrence in the secondary battery conprising the steps of:

protection process means determines a state of the secondary battery at a time interval
shorter than the specified time interval; and

when the power supply determination means determines that the secondary
battery does not supply power to the external device, the remaining capacity
information calculation means calculates the remaining capacity information and
stores it in nonvolatile storage means, and the protection process means determines a
state of the secondary battery at the specified time interval.
12. The battery pack according to claim 11, wherein the specified time interval is
sufficiently Jonger than an instruction clock frequency of the protection process means
and the remaining capacity information calculation means.
13. The battery pack according to claim 11 further comprising erratic operation
avoidance means for detecting an erratic operation, if any, in operations ¢f at least one
of the protection process means and the remaining capacity information calculation
means based on the presence or absence of operations thereof at the specified time

interval and allowing the protection process means and the remaining capacity

information calculation means to perform an initialization process.
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determ ning a state of the secondary battery out of overcharge, nornal
operation, and over-discharge states based on an inter-el ectrode voltage
between a positive electrode and a negative el ectrode of the secondary
battery and, according to a determ ned state, performng a protection
process to control operations of a discharge current cutoff circuit to
sel ectively cut off a discharge current of the secondary battery and a
charge current cutoff circuit to selectively cut off a charge current of
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secondary battery is determined to be in an overcurrent state based on a
char ge defImEnatnamgancdeteanines pewensupphe te themnttamgl deaticesfrgm the7. The
control nethod of a battery protection processing apparatus according to

claim Js@céwa&jaaﬁu&gmeisgwﬁea lieneStneRvaak seebiRr4H é%n%ﬁﬁl%?rigg irlrﬁaﬁglﬁggef’g%i ty

cal cul ation procesS of calculating remining capacity I out a
remai ni_n apaci of. the secandary batter based on at |east the

i nt er-&%&fﬁ%ﬁge%mgaﬁéﬁ“ﬁ/@iﬂ"%%@?&%i’é‘&%ﬁy-the secondary battery and an
accunul ated val ue for charge and di scharge currents of the secondary

bat t er y,5. and Apbatierymiratpcton proxiessing apparafis tty perfoan peddessestinghelifs si on
process of transmtting the renmaining capacity information cal cul ated by
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the secondary battery;
charge current cutoff means for selectively cuiting off a charge current in the
secondary battery;
voltage detection means for digitizing and outputting a voltage between a
positive electrode and a negative electrode of the secondary battery;
protection process means for, based on an output voltage value from the
voltage detection means, determining a state of the secondary battery out of
overcharge, normal operation, and over-discharge states and, according to a
determined state, controlling operations of the discharge current cutoff means and the
charge current cutoff means; and
overcurrent detection means for providing control to enable the discharge
current cutoff means in preference to the protection process means whén the secondary

battery is determined to be in an overcurrent state based on a charge and discharge

current size of the secondary battery.



with the external device at a specified tine interval; when it is

determ ned that the secondary battery supplies power to the external
device, performng the renaining capacity information cal cul ation process
and the remaining capacity information transm ssion process using a

cal cul ated val ue thereof at the specified tinme interval, determning a
state of the secondary battery at a tinme interval shorter than the
specified ting interval, performng the protection process based on a

det er mi i@ i on 4 690l mathedwHerbatiery prafectermprosessitgappahatus éxpedony bat t ery
does not supply power to the external device, perform ng the remaining

capaci t yrocdseesmmt]ueling protett il Aimt 66588 Bc@lredcBn BREGDLE tﬂaﬁ%}% nterval,

storing the cal culated renmaining capacity information In onvol-atil e

menory, epmning a state of the secondary battery at the specified
! B

time int m ng the protection process based on a
determ nation result.
determining a state of the secondary battery out of overcharge, normal

operation, and over-discharge states based on an inter-electrode voltage between a
positive electrode and a negative electrode of the secondary battery and, according to a
determined state, performing a protection process to control operations of a discharge
current cutoff circuit to selectively cut off a discharge current of the secondary battery
and a charge current cutoff circuit to selectively cut off a charge current of the
secondary battery; and

providing control to enable the discharge current cutoff circuit in preference to
the protection process when the secondary battery is determined to be in an
overcurrent state based on a charge and discharge current size of the secondary battery.
17. The control method of a battery protection processing apparatus according to
claim 16 further comprising the steps of:

performing a remaining capacity calculation process of calculating
remaining capacity information about a remaining capacity of the secondary battery
based on at least the inter-electrode voltage between electrodes of the secondary
battery and an accumulated value for charge and discharge currents of the secondary
battery, and performing a remaining capacity information transmission process of

transmitting the remaining capacity information calculated by the remaining capacity
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calculation process to an external device powered by the secondary battery;

determining the presence or absence of power supply from the secondary
battery to the external device based on availability or unavailability of communication
with the external device at a specified time interval;

when it is determined that the secondary battery supplies power to the external
device, performing the remaining capacity information calculation process and the
remaining capacity information transmission process using a calculated value thereof
at the specified time interval, determining a state of the secondary battery at a time
interval shorter than the specified time interval, performing the protection process
based on a determination result; and

when it is determined that the secondary battery does not supply power to the
external device, performing the remaining capacity information calculation process at
the specified time interval, storing the calculated remaining capacity information in
nonvolatile memory, and determining a state of the secondary battery at the specified

time interval, and performing the protection process based on a determination result.
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