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 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 including
protection against anomaly occurrence in the secondary battery, a battery
protection processing apparatus to performits processes, and a control

nmet hod of the battery proteQ{TDE QFOUEE INVENTRORr at us. 2. Description of
the Related Art In recent years, there are an increasing nunber of portable
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on these electronic devices. Such 1 secondary batteries include lithiumion
batteries. In particular, if a Iithi 4NDon secondary battery is
overcharged, lithiumion separates out as lithiumnetal at a negatl ve
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inside is subject to a small armuAED of short circuiting or capacity
degr adati on.

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 including protection against
anomaly occurrence in the secondary battery, a battery protection proéessing 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 | B present graphs show ng vol tage and current
changes when discharge and overcurrent occur in a lithiumion secondary
battery. FIGS. 1A and | B show an exanple of lithiumion battery cell used
for di geeadarybaitasiesanelnds lishiunsiogiiatteriss.i | | caneras for home use. A fully
charged voltage is assuned to be 4.2 V, and an over-di scharge detection

voltage is a e 1 [ - C of ¢ battery cell

vol t age duri ?}%H %I%tség ag’rlgg lg?ﬁ%%no%&ld%?n%%}so%@%@?% om{iﬁﬁl ¥Pc 1A, the
batter\é cel|] vol ta]gt%decr eafes down to _the over-discharge detection
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di scharge load is released, the battery cell voltage tenporarily
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battery is left unused for a long tinme, the battery cell voftage decreases
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decreages to approximately 1 V as shown in FIG 1B. At this tine, an
overcu thefposiive srdrragatiye ebatrodesmre stoarttdmeuiteddt istrstknawn Graiani ng
battery capacity display function is

overcurrent 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 fo 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. 1A, 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



increasingly provided for the above-nenti oned portable el ectronic devices
using the secondary battery as a power supply. As shown in FIG |A,
especially in the lithiumion secondary battery the battery cell voltage
gradually and linearly decreases except imediately before and after the
di scharge. Accordingly, the use of only the battery cell voltage cannot
accurately detect the remaining battery capacity. It becones possible to
accurately calculate the useful remaining life by using accumul ated val ues
of a charge and di scharge current, the battery cell tenperature, and the

| i ke. Iposaiaemd egatat cketrodehare shaitwiingitbd} the byttegnadli woltage spl ay functi on,
there is comercially available a battery pack that contains the secondary
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The conventional battery pack in FIG 2 conprises: a battery cell 1
conpr i $1vi§gcuarant ohppproxanaklc bhiidlowsat t ery; protection switches SWI1 and
SW12 for discharging and charging control, each conprising a MOSFET

(Metal Oxi de OeHE GBBEkaiDh rbinalEnEbh@sy cﬁﬁgﬁf}ih%fsg{az fagtliotpsent |y

containing the diode between the Sourceé a in according to the
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m crocontrol l er operations; a therm stor 140 to detect tenperature of the
bat t er peeandary battenycisa pomensuppht i oks $howi it EIGabd) espbiatly imditeabl i sh
comuni cation with an electronic device provided with this battery pack.
lithium-ion secondary battery the battery cell voltage gradually and 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



In the battery pack, the protection swtches SWI | and SW 12 each conprise
an FET and a diode. The protection switch SWI1 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 Eb 1 and a negative electrode termnal M In
addition, the protection switch SW12 is turned on. The positive el ectrode
terminal Eb 1 and the negative el ectrode term nal Eb2 nay connect to a
device functioning as discharge load. In this case, turning on the
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protection <circuit 110 is also integrated with various circuits for
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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 the startup timng. The mcrocontroller 120 computes

necessaieyiceipirbﬁird@atwi@}mﬂﬁg]ﬁ@g{e@@fab}mare control based on digitized val ues
equi val ent to charge and discharge currents and battery cell voltages
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information to the el ectronic device nounted with the battery pack via the
comuniFEk phadiodes 0 Breiprotessionssvitched W 1d slangurimoff dischags cotrepbssig e to

di splay the remaining capacity of the battery in the electronic device
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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 Eb 1 and the negative electrode terminal Eb2 may
connect to a device functioning as discharge load. In this case, turning on the
protection switch SWII 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



battery greatly varies with conditions. On the other hand, the

m crocontroll er system is designed on the prem se that the power supply
voltage is stably supplied to the mcrocontroller. For this purpose, as
shown in FIG 2, the conventional battery pack uses another circuit

| ndependent of the mcrocontroller to provide the protection function that
noni tors anonal i es such as overcharge, over-discharge, and overcurrent of
the secondary battery. There is an exanple of such circuit that mainly
conprises a special voltage conparator as a nmajor comnmponent to inplenent

t he battassyitséh¢ infprmatémt fodthe elevttonondgecgmoustee Wilp thredsdtePapeackt viso.
3136677 (paragraphs [0011] through [0016], FIG 1)). FIG 3 schematically
di agra TSt f Vet onglis Batkt: As shown in
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voltage.of the battery cell 1 ranges from3.0 to 4.25 V, for exanple. In
this &isplay @Hlaﬂrﬁagﬁﬂb@@%@fdﬁe%aﬂ@w@@vkmomdiwbpdm n onto enabl e
both the power supply agai nst discharge | oads and charge operations for

the charger, Admeatioeel stsbve, Mbwavéhthelltteapecidiolidre dfahé %cwnd@;l 1 exceeds
4.25 V, an overcharge state occurs. The protection switch SW12 turns off
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occurs, The protection switch SW | turns off to disable the discharge. In
this sisdesigneshen e premiseibaethequypansupplyt vdtage és gablytsupplied tothe
continues, keeping the mcrocontroller 120 operati ng.

microcontroller. For this purpose, as shown in FIG. 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

prdtection 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 normal 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



When the voltage of the battery cell 1 becones |lower than 2.50 V, all the
di scharge stops to prevent the capacity degradation of the battery cell 1.
Consequently, the microcontroller 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 SWI1 turns off to inhibit the discharge.
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Rel easi ng the discharge | oad autonmatically resunes the nornmal state. As
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m crocontroller _to conpute display of the remaining battery capacity.
Recent I4schgiges o dithisistate.thawevesthe bover seppiiite e mewoeenroarri@ont rol | er to
i npl enent the above-nentioned function of the protection circuit and

i nt egr abAtiNvE, k@épih@ﬂl@hﬁ(ﬁ‘éb@lﬂl&lbrqmdﬁlrﬁingﬁem conductor circuit board
fromthe viewpoint of mniaturization, 'decreasing the nunber of parts, and
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is not stably supplied with the power supply voltage. It has been
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control of the mcrocontroller. If the mcrocontroller realizes
Consequently, 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

semiconductor circuit board from the viewpoint of miniaturization, decreasing the

number of parts, and reducing parts costs.



part of the protection function, it is mainly inplenented by speci al
hardware such as a voltage conparator. The m crocontroller is used as a
suppl ementary function for that hardware. Wen the m crocontroller mainly
i npl ements the protection function for the secondary battery, it is
inportant to save as nmuch 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 magni t ude\GhehiRRRE aBERE, IO cver, 3eSRANMABRED A e QY} atdundidisie case, it is

necessary to individually determ ne, overcharge and over-di scharge states
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to provide a protection_circuit  containing as nmany vol tage conmparators as
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design costs and enlarging the installation space. SUMVARY OF THE | NVENTI ON
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software control to stably inplenent a secondary battery protection
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consunpti on. anpl e enbodi nents y tery protection

process| i.ch mainl y uses software control to sta
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may pr BdNEre control method of enabling a battery

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 magnitude 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 battéry cells. When only the voltage comparator is used to detect battery cell
yoltages 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

Example embodiments may provide a battery pack which mainly



protection processing apparatus to nmainly use software control to stably

i npl ement a secondary battery protection function and reduce the circuit
installation space, parts costs, and power consunption. In accordance with
a first aspect of the present invention, there is provided a battery pack
conposed of a secondary battery integrally with a processing circuit to
perform processes including protection against error occurrence in the
secondary battery, the battery pack conprising: discharge current cutoff
means for selectively cutting off a discharge current in the secondary
bat t er yses$divrre comtralrto stabiy indiflementressetondsg betteny\pedtgction funogomédd a char ge
current in the secondary battery; voltage detection neans for digitizing

and outrgdiidel thd cReciPinsBUBLSE SNRE DaAsROSEs! kPpowbiSonsadptignd a negative
el ectrode of the secondary battery; protection proces pr ogr ammabl e

m crocontrol ler ans, f or ased on.at lLeast an output voltage value from
the vol t age F SRohdlnaREY et a bRy aiPie e Pioc Suteditbard®s "hat 1 ory
out of overcharge, normal operation, and over-di scharge states and,

accor diwlych mainly eses safiverre sonirel to stably vrplemgniopsecandandaterymotedtie har ge
current cutoff means and the charge current cutoff neans; and overcurrent

det ect ifoictioredtdsedepahateclir @RalliorPpRes, Pare bsts,ndpesaiticoadumgpticieans f or
providing a separate control to enable the discharge current cutoff neans
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disc harp?gtegtlf(gx; Ie){‘](gcegéi%lg a%];)a%arggs t%el%g{]nqg [uge Sgﬁév%% gdntrol to stably
implement a secondary battery protection function and reduce the circuit
installation space, parts costs, and power consumption.

In accordance with a first aspect of the present invention, there is provided

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: discharge current cutoff means for
selectively cutting off a discharge current in the secondary battery; 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

programmable microcontroller means for, based on at least an output voltage

value from the voltage detection means, determining a state of the secondary



8a I n exanpl e enbodi nents, the voltage detection neans detects, as a
digital signal, a voltage between the positive el ectrode and the negative
el ectrode of the secondary battery. The protection process neans controls
operations of the discharge current cutoff means and the charge current
cutof f means according to output voltage values fromthe voltage detection
nmeans. For exanple, when it is determned that the secondary battery is

pl aced in the overcharge state, the charge current cutoff means cuts off
the charge current. Wien it is determned that the secondary battery is

| aced h -l r j r of f means
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cuts off 't I SC urrent. I'S manner, 't econdary battery is
prot ect ed ai nst abnor. states such as an overchay and an
over-di%ﬁﬂ‘ﬁ’@%?c’ a\ﬂﬁ%ﬁ“ﬁl‘gg‘i %taWeP@Ftﬁ?lx’é'& QH?&%“QW@E@&#%S‘?SB%%W@W is placed
in the overcurrent state based on the charge and di scharge current size of

t he secutefimeanatandrthe chinge cuvrent cutoéhmedes; enydi oreromserd deteshicas t he
di scharge current cutoff neans to be a cutoff state and cuts off the

di schanseuichente fidhetRIOGHHARbIIAIGELAATLIRANSRR bidlidighe di schar ge
current cut of neans I n prererence to control of the pr otectlion process
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process neans. It may be preferable to further provide, for exanple, a
cur r enfPreieetion PERGesrmeps when thespcpndenynbatiery iy determuteddehsiaiang t o an
accunul ated val ue for charge and

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

battery.
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di scharge currents of secondary battery; a conmunication neans for
establishing communication with an external device powered by the
secondary battery; a renmaining capacity information calculation neans for
cal cul ating remaining capacity information about a renaining capacity of
the secondary battery based on at |east an output voltage value fromthe
vol tage detection neans and an output signal fromthe current accumulation
means and transmtting remaining capacity information to the external
device via the comruni cati on neans; and a power supply determ nation neans
for determ ning the presence or absence of power supply fromthe secondary

battery to t o r i e]]&;a§ j Lt Vai ility of
comuni cat i otn}?%dt 11:% hegﬁﬁoex \é?%a de@%gg%ﬁgﬁghﬁﬁéﬁéoﬁﬁf’tﬁgﬁ (gilghﬁf;ans at a
specified tinme .interval. |n exanple enbodi nents, when the power supply

det er n‘?lﬂgﬁt dryoliage det ﬁipﬁéglvterf‘i@cq ﬁ@ﬁg@tl‘fﬁa@?‘éﬁfﬁ%ggﬁlei es power
to the external device, the remaining capacity information cal cul ation
means segiondhnt bagterie Tlempiotéatipncanoaesst meansnéantrads bperatiods bf dresni ts a

cal cul ated value to the external device at the specified time interval,
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battery at "a tine interval shorter than the speci time 1 mterval.

Furt he e powe suppl y. deterni.nati on neans det erm nes .that the
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remai ning capacity infornmation cal cul ati on means cal culates 10 the

r emai ndetgrramisddhatthe seeandary batteny is placeddr ithie everchargeistaterthaicharge stores it

in nonvolatile storage nmeans, and the protection process neans determ nes
a st ateurednttcheoff 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




secondary battery at the specified tine interval. In this manner, it is
possible to operate the remaining capacity information cal cul ati on neans
at a sufficient time interval and increase a tinme period to stop
operations. In addition, an operation interval of the protection process
means can be shortened to enhance the safety when an external device is
powered by the secondary battery with large variations in a discharge

vol tage. When no power is supplied, an operation interval of the protection
pr oces thapatectioaprozeserteansied to i ncrease a tinme period to stop operations.
In accordance with a second aspect of the present invention, there is

provi ded bayfghy hbHRiERblAD fFRGSTBYIIE ﬁ?@%ﬁbtésa@ﬁn&%{ceﬁ@h%ﬂ €sses

i ncludi ng protectio agal nst error occurrence' i h e secondary battery,

t he apparatus c .i sing: . discharge current cutoff s for selectively
cuttin qu%?gr{@ﬁgag%@}pcgﬁqsppﬂ&pggoag@g PE‘?dB@H’tE"?f]’%h@HS current
cutoff neans for selectively cutting off a charge current in the secondary
bat t er ylischarnge syacais o sedondaryehatiery; ercogimimicationymeans fopestablistimg a vol t age
bet ween a positive electrode and a negative el ectrode of the secondary

bat t er gompiiadcAaHBAtCaE:aeRaPAEVIES peKerRl BYTRE §@bndir)bafe B ¥haibitly  Pased
on an out put voltage value fromthe voltage detection neans, determning a
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operations of the dischar current cutoff neans and the charge current
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programmabl e m crocontroller neans for providing a separate control to
enabl evalie fidins tiearajage deteetidn metnd ind meaupui sigpal dfomn dnceurtemt t he protection
process neans when the secondary battery iIs

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 interval.

In example embodiments, when the power supply determination means
determines that the secondary battery supplies power to the external device, the
remaining capacity information calculation means calculates the remaining capacity
information and transmits 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
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determined to be in an overcurrent state based on a charge and di scharge
current size of the secondary battery. In accordance with a third aspect
of the present invention, there is provided a control nmethod of a battery
protection processing apparatus to perform processes including protection
agai nst error occurrence in the secondary battery conprising the steps of:
determ ning a state of the secondary battery out of overcharge, nornal
operation, and over-di scharge 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

pr oc es sheisinegniag wapapignmidrinatiomat thespetified tere interearindstorepimt i ons of a
di scharge current cutoff circuit to selectively cut off a discharge
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selectively cut off a charge current o e secondary attery; an

provi din nt{ separate .f.romthe, pragr ble mcrocontrqgller to enable
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process when the secondary battery is determned to be_in an overcurrent
st at e opekEe be remaping eapagity ifpanattonealalatiemmesnyas aguffigientsgnondar y
battery. Ila In exanple enbodi nents, the control nethod for the battery

pr ot eclinterval pidBeESkOd ti rifdue sepdpepdtiorgp elnaddditivh, @h opbatidh schar ge
current cutoff circuit and the <charge current cutoff circuit according to

o AP 895,00k AHRS E0R lBREDHEIAS GUEAIORURLALE, Podai v
Ehat B caferioal davite 2 powersd by the Secondary battery with iaige Yaristansana ¢ C1ar9e
- 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.
In accordance with a second aspect of the present invention, there is provided
battery protection processing apparatus to perform processes including protection
against error occurrence in the secondary battery, the apparatus comprising:
discharge current cutoff means for selectively cutting off a discharge current in the
secondary battery; 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; programmable microcontroller 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
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current cutoff circuit cuts off the charge current. Wen it is determ ned
that the secondary battery is placed in the over-discharge state, the

di scharge current cutoff «circuit cuts off the discharge current. In this
manner, the secondary battery is protected against abnornmal states such as
an overcharge and an over-di scharge. Wien 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 process is performed to enable the discharge current cutoff
circuit to be a cutoff state and cut off the discharge current. The

over curaventurdait eletdctionmenssspaant frols theherogeimmabiamicrocomnsllaut of f
circuit in preference to the protection process based on the

above- iEeHisIBe frovitifly Lhasataedontel iRabICASEIURRbE ;Hgigggﬂgs'fpndaf y

battery can be” protécted agai nst an over - arg ently of
operation st.ates.of the protection rocess based on inter-el ectrade

vol t agddcangdp p&@ﬁg}cgnoitﬁe Hﬁ@eﬁ&wgﬁgﬁ%ﬂ]e@‘nﬁ W%F{}rtﬁ?lé‘?c AROPRESEY & i ni ng
capaci t cal cul ation process of calculating remaining capacity information
about sletesmaned tybe npaevescuptent stateslased dur 3 charge end daschargs fwrenta

remai ni ng capacity information 12 transm ssion process of transmtting the

r emai nisiyg cfapasetondany banddyl on cal cul ated by the remaining capacity
cal cul ation process to an external device powered by the secondary battery

an accunul bt i RS rH Zi Bk B M bAr HRRER et R oy y ™

battery; . determ ne tBe presence or absence of power supply fromthe
second§PHUBHIC ofn baltCrydIPISCHAN DIRCYSS BNt taDes PHB PrPEsssey
unavail ability of conmunication with the

including protection against error occurrence in the secondary battery comprising

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 using a programmable
microcontroller 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 separate from the programmable microcontroller 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.
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external device at a specified tinme 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

det et i ned t iR iiileSRARAALNS AL LBAtoIAERO%r BEBRKYyARIRLLY the external

device, per e remaining capacity informtion c ation process at

the specified tine interval, st.ore e cal cul ated yemmjhing. capacity

| or MREPHSE SRS SRSl pRnEHgnS ofbe At ubieat SRR St S8R BiRia y
battery at the specified tinme interval, and perform the protection process
based €hamgeduitenisuiallicoauit aearding ito an inter-glaetnasle valtage betwesn ithg positiveper f or m
the remai ning capacity information calculation process at a sufficient

tine ieleetrodt ambhtheinegatbastedrdderof thesdcoedhry Ikepy.t Fer epipsleswheh it igddi ti on,
an execution interval of the protection process can be shortened to

enhanc ﬂegﬁnirfe"i‘lf AV GQ@% I F ' y condary
batter ?el w t tﬁ%tatpévggd\}gr It On?ﬁfpl%c%&@%é{ﬂ%%&’\(/@é?%& ﬂiﬁﬂ"g}r??ieo power is
supplied n cuti.on i rval of the prqotection proce can be extended
Cor | ncraiet el rcuibys aliBe ears® cnmemtyr Diheda s doteEmnaieg Balod: nent o ¢ he
overcurrent detection neans controls the discharge current cutoff neans in
pr ef er sepondary katiery sipladedtin thepoweratischargeptaie dbe diseharge cufemseeént | y, t he
secondary battery can be protected agai nst an over-di scharge

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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i ndependently of operation states of the protection process neans.

. Therefore, even when the process for the protection process neans is

performed under software control, there occurs no del ay dependi ng on
operation states of the protection process nmeans during a period between
detection of an overcurrent and cutoff of a discharge current. It becones
possible to nore reliably protect the secondary battery, reduce the

circuit installation area and manufacturing costs, and easily inplenent the
highly accurate protection process. For exanple, it may be preferable to

fur t hefra ek RR: prac&y of BRhsAREHI W SdrRAiningRAPECI oM QWb &1t ddleul&ed bgnal
correspondi ng to an accunul at ed"val ue for "charge and discharge currents of

secondgry battery:; a.co ication nmeans for establishin Co ni cation
with aleeTEHER ARG S eT CHPBoRT Rergral g Bek PSR B Bl ni ng
capacity information cal culation means for cal culating renmai ning capacity

i nf or metdomdaryelbattery baseeinmi atileast depmtértglectfodeheltnge ofi dae sechadargbattbiysed on
at | east an output voltage value fromthe voltage detection nmeans and an

out PUt 38 8L\ GG Brp AL OB AL S B bEADE b9

remai ni ng capaci rnal 14 device via't
communi_cati on neans; and a power _supply determ nation ans for

det er nflffeHgICHEC Pressis el discask ehpewst swi)éfrogu@swycw 3ﬁ€e@éeébﬁ1ar y
battery to the external device based on availability or unavailability of
comunégxeinad dewicebhatdibon exdikibility ctemaesilagiityefidoenmonicatios atithohemeans at  a
specified tine interval. Wien the power supply determ nation neans

det of 1LY ABkickNF s S5GN0R I RIAELY ARl Ghrer N!0t PRy

. 1
devi ce, remalr ni ngt capac romtion calcu

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 is
determined that the secondary battery does not supply power to the external device,
perform the remaining capacity information calculation process at the specified time
interval, store the calculated remaining capacity information in nonvolatile memory,
determine a state of the secondary battery at the specified time 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

13



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 time interval shorter than the specified time interval. Wen
t he power supply determ nation neans determ nes that the secondary battery
does not supply power to the external device, the remaining capacity

i nformation cal cul ati on nmeans cal cul ates the renai ning capacity information
and stores it in a nonvolatile storage nmeans, and the protection process
means operates to determne a state of the secondary battery at the

speci f ivgith largeevarittidny i a dischairpepoiagd| Vhéons powesismpplied enskenitioan of the
protection process nmeans and the remaining capacity Information

cal cul at4 i rif Gl : : . I battery
o condef VL BEBEriteetit froSas thn bE oREnbPITRALE NG £lnk HRHRE IR
enbodi nents, the overcurrent detection process controls the discharge
currenPT@&BBff circuit in preference to the protection process based on the
secondary battery's inter-electrode voltage. Consequently, the secondary

battery can Idb&xdmplpreaiedimaentsghe pstrcaneniistedionaheung eontiole flendent [ y of
operation states of the protection process based on inter-electrode

ot er - SrnRE A Y RO Bl RFend O LRSI R BEASSIORTISSMAA. . sccurs
R N R MO (R e
current. It becones possible to nore reliably protect the secondary
bat t er yndeperdrnily aflepertionisiates ofghe profedtion prpesss amansaniifeselom, iewgn cost s, and
easily inpl enment

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 more 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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the highly accurate protection process. In addition, for exanple, in
exanpl e enbodi nents the control nethod may conprise 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 remaining capacity of the secondary
battery and perform ng a remaining capacity information transm ssion
process of transmitting the remaining capacity information cal cul ated by

the repmining.capacity. cal culation,process t n external device powered
by t he GRMISEa/A LR L BEPIBicH ey Dieans and B ROSKEE Supply IR BINAOBERFBRETK of ¢ age
bet ween el ectrodes of the secondary battery and an accunul ated val ue for
char ge detetmanisg kg presenge 0e abssncobf pdecswpphozom thasacongary batteryrtotharg t he
presence or absence of power supply fromthe secondary battery to the

ext er nalxtetaMi devidedneel] 6m aPMRIbIIAY ok uhivAkabilit) 8y sbhaARkmidativn AFitte@emMuni cat i on
with the external device at a specified tine interval; when it is

determ pe -t he. ar.y r i r to.the t er nal

devi ce,exoceir'%]gfe Rr#(%gfst"féﬁl(regg" 'H‘f‘ﬁgétioglp%lgmﬁiaﬁ%?iﬁ%ﬁﬁ%é E%?Igﬁll' am‘w process
and the remaining capacity _ information 16 transm ssion process using a

cal cul dhEROWET HPBLY,AHeERIn}ton meanydetermiags thapthe ssendasy battergsepplissi ng a
state of the secondary battery at a tine interval shorter than the

speci f ipeaver to the axtiraalwleiviceathd rpmainingrcaymcith énformatbat ¢aculptimcasandased on a
determ nation result; and when it is determ ned that the secondary battery

does nQhicRLRR! the p@gﬁmﬁo%agpaty RS Shiin ﬁ%‘ﬂ&ﬁ{rﬁt@ &l tl&ggélﬁ@ tg &gai ni ng

capacity informt at’i on process at e specift trne I nterval,
storin he .cal cul at,ed remai,ni n apacity. information in
%x%emal d%wce at the smct?i%d timcgmgen?zﬁ, ancY 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
determine a state of the secondary battery at the specified time interval. It is 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.

In example embodiments, 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

15



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 ation 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 I B present
graphs showi ng vol tage and current changes when di scharge and overcurrent

occur i,a gil_oie'b%éai %mﬂs@ An f%%flﬂf!;%hé{r t ﬁgﬁgféﬁgeﬁﬂgpg 6pSAAYA sﬁa{ké 6‘%1%”&'

confi gur a conve att pack;

di agr anms

I on exanple o

schematically

bat.tery cel] states of the conventio batter ck;. FIG 4
chove BroRtieR RiceS bt Gt dndr BofEes b Shofirerttan BEEBIE ng 1o 17
an enbodi nent of the present invention; FIG 5 is a block diagram show ng
an i nt prefactieopracgss based wnantensllectrddearpltageas egpafatasrwukes softwacd rcui t ;

FIG 6 is a graph show ng voltage changes of the battery cell

during

char gecontrdiGtherd Actls auafelAClgpeadinedinbp&atbh BtapttuTahe prdteétic gnal s from

reset circuits, and power supply voltages of the battery cell

and the

m ot 0ol o ETioa $nalh AReRIFR S bin SRR o the pover

suppl i

discharge current. It becomes possible to more reliably protect the secondary battery,

reduce the circuit installation area and manufacturing costs, and easily implement

the highly accurate protection process.

In addition, for example, in example embodiments the control method may

comprise 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 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
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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 internal configuration exanple of a fuel gauge; FIG 15

il lustrates changes of microcontroller's operation nodes; FIG 16 is a

f1 owe hafdnsaaubm o@@ssQYs@ﬁ%ﬁh lcalduitedialit BNt SicifddeResfRivalFl G 17 is
a flowhart showi ng a battery protection process by the mcrocontroller;

18 FIG, 18 i.s. a fl omchart showi ng a renaipin atte capacity cal ation
o oces eBIRERA RBCE 1% BIPOHE Y h BB Shores BA e oS RiRA ot £ on
exanpl e of a battery pack using a plurality of serially connected battery

cells. (hd Alttihl, DRSGRIfBTinGiy (e prokecBREpERREDLIVBOD MiEMNESnination iexudl ment  of
the present invention will be described in further detail wth reference

to the QaGOMRPRY! BedhMAlTEs 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.
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-ion 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



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 ment uses a lithiumion
secondary battery having such discharge characteristics that a di scharge
voltage decreases relatively gently and linearly. The use of such

secondan ynibadiment ofetke présent mossfidui;e t o accurately detect the remaining
battery capacity and display it in terns of available remaining tine, for

exampl e ThepRg!§ &y bRARKiL ol Bovinb AR n@rBALLARY.C8bh chaSPIBS(A ng the

lithiumion ~secondary an |gtegra ed protessing ci f ormed
on the_ same sem conductor substrate to control operations of the

above- HipgaEEOpeSEEEEI¢WHct i on 19 for displ aying the renaining battery
capacity and the protection function; protection swtches SWL. and SW2 for

di scharge CoOPIGOb igd aheeig®Rbiele chainges bLMe thekpctdIPduringedistar Rs; a
capacitor d to stablgllr@e out p%)t v%)%tageg; resistor?th hi angScSth 3 to set

bt tor'y cel | FIO8] Tt ftsh Feryo  Setotshid Bibpshii SRELAE &R ana sw
each conprise a MOSFET equival ently containing the di ode between the
sour cecueiits, hrd gouien supply oiolfiages ofothe batierst oellzingk the mikzooentoBer; i on swi t ches
SWL and SW2 can turn off a discharge current and a charge current,
respectivel yFIWHegathg dratéirmiatkally showaths 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
qircuit;
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 1s a flowchart showing a battery protection process by the

microcontroller;
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charged, a charger is connected to the positive electrode termnal Eb 1 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 terminal CPinl is connected to a

positive el ggtr ogig sﬁﬂe@acﬁanfsﬁéwhgéf‘émalﬁﬁi b&t&yea@éﬂglchﬁﬁla@io\ﬁol tage of

t he battery cell I (hereafter erred toas a cel |tage) to the

i nt egrated ocessi.ng cir The power supply terminal CPin2 is
connecpweﬁg{)mmﬂq C%‘F‘B‘?C]zf‘ét?% switches SWI and SW2. As will be
described later, when a cell voltage is extrenely |low, the power supply

termnal CPFiG. tashewp ph ntenlal agefiduratiot bearahby ofer bitterp paclabsing e
integrated processing circuit 20 2. Operations of the protection swtches

SWL ang S%ﬁﬁ;ﬂﬁg@gbﬁﬁé&& %mg to output voltages from out put

termn respec Iy ‘The integrated processing circuit 2
further conprises various |nput/output termnals. An input term nal ADC n
is connected to the positive electrode side of the battery cell 1. Input
termnals CSP and CSN are connected to both ends of the resistor Rs. An

i nput t er M DETANIEDISESCRIPTICN GPtVEEPREEERRED ENMBOEMENIS tern nal
Ebl and the protection switch SW2. An input/output termnal UART is used

for communi cati GRpdbR of B SRV Ehol Wil 8 Ge2AbLE LY rPREK B3 ' S

connect ed

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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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
integrated processing circuit 2). The reference voltage fromthe output
terminal VAAis divided by the resistors Rrhl and RRh2 and is applied to
an input termnal ODI. An output termnal TERM outputs a control signal
for the thermstor 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

FIG 5,fot ﬂépﬂa}ﬁﬁgt}&tmdlammgeﬁﬁbﬂ}gcaghéﬁyhﬁd ey k%ncfﬁﬂ&{dllé%zot%Cticﬁpmr

supply circuit 10, an overcurrent detection circuit 20, an

e L ST T PSRBT 255 °

m crocontroller 30 with drive voltages; and reset circuits 13 and 14 to
reset tRUSIH d&isoaapaciior &+ Batatdlizartetpuhwokesyresistirs Riht add Rsk? ecés a
vol tage supplied fromone of the power supply termnals CPinl and CPin2

and boqhteshbltey st 2688 a hEnlisORS 1Qietelt #f ‘ gy 12
stabilizes the input vgl t age booétgggfe\g%/ﬂft%htg %raardéfgrlgﬁﬁn%ﬁg%%eﬁ l1to 3.4

V. An out put volt fromthe linear regulatQr 12 is supplied as a drive
vol tage to Jﬂ%?ﬁ%ﬁ%@ﬁ@ﬁ ?QFO':Q‘@FOWRSIRSM Landielye gash sonpputserar om t he
output termnal VAA and is also supplied to the reset circuits 13 and 14.
The r eMOSHET aquivaledtiscdnthining the dimde betwesmdheaborcetapddh@dadig an out put

voltage fromthe |inear regulator 12 with the reference voltage. According
to according to the structure.  The protection switches SW1 and SW2 can turn off a
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 Ebl and the negative
electrode terminal Eb2, the protection switch SW1, if tarned 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 CPin1 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 circuit 2. 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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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 mninumvoltage (2.7 V in the
enbodi ment) needed to start the m crocontroller 30. The reset circuit 14
sets the signal PFWto the L | evel when the |inear regulator 12 outputs a

olta r : N e 1.0 3

enbod Rty P atgpc e FrofRlh shRch S TSR G daed Bl
signals fromthe reset circuits 13 and 14 are input to a reset term nal
(not st violfagesdisercewpniteaminalsidhy apd (e, respeasiveht rol | er 30. The

overcurrent detection circuit 20 detects a current value froma voltage

bet ween i nputTHedh¥ighabg pfsesangl cfbhit 2\Mﬁne1d&51ﬁ19ﬂs'dagzaﬁau9n§5mamt, the

overcurrent detection circuit 20 notifies this to the mcrocontroller 30
(CPU 3 by 22 ans an_i;n .upt. Further, the.overcurrent. detection
Gt cut 4385 151 SrvhierBirdABFR k%0 wamnle SRR gERt B an
operation to protect the batter cell 1. The internal configuration of the

over cubataty ek bet Input tdrmanals aid CShearedesnedted th bathemdsiof the ef erence to
FIG 12. The microcontroller 30 is configured to connect the following with

each o X! - S Joag ;a
progra%gﬁnget%%' 3% R%@Read%ﬁﬁ%\%dnlg% S%éd?gtﬁ%@%?gﬁ%g%@&%%%@% Menor y)

%gg $|E E&%ggﬁlﬂg 1éurl ﬁ?el 1!) oteEcqzl%%as%!itech%rV%%r arKrleaPnIp% ou tge?ﬁﬁx?altﬂlﬂTi:ge; a Vatch

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 output 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 Rthl 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 18 supplied to an input terminal AINO.

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 comiprises a
power supply circuit 10, an overcurrent detection 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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AD converter 38; a fuel gauge 39; an UO port 40; a communication I/F
(interface) 41; and an FET driver 42. The m crocontroller 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 programnenory 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
programto operate each part of the microcontroller 30. ROM 33 previously
stores data dme¢ chiaege putkp cireritidd stloctsteheolerRe sapplial fveconeof the pomegr am  RAM
34 conprises SRAM (Static RAM, for exanple, and tenporarily stores part

of the Sggﬂgvrtéfﬁq%éﬁc@]?ﬁﬂ O V) aﬁﬁ%o%%tsﬁﬁg yggéﬁe EQEQE%Pml %ngs'ﬁé“

processe I'n addition, the mcrocontro

nonvol ati |l e mepor The, EEPROM 35 i s capable of pot only storing software
execut BW%HEQ%@ %tﬂggﬂﬁﬁs WP%Y@E%’@ oea&ea%yﬂh@ chuge Puailr ¢isugl b® t hem
as needed. The tinmer 36 neasures the tinme needed for each part of the

mi cr ocGm Vol IAar oBput vilagefadmithe tigedr wgnlabor IDRishpplieCaaands vekaetoed by
the CPU 31 based on the tine rreasurerggby t he tirr%? 36. When it is

aut omathap e Conk AR TR F I ERe FORA Ro sty U i E A nver 1 <

signals fromthe input termnals ADCn, AINO, HVIN, and PCKP into digital
si gnal 4ndayalse sppplied torfberesst eaiitHd @1l 14.n this manner, the
m crocontroller 30 can acquire information such as charge and di scharge

The reset circuits 13 and 14 each have a comparator to compare an output

voltage from 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 PEW 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. Qutput signals from the reset circuits 13 and 14 are
input 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 ovhercurrent, the

overcurrent detection circuit 20 notifies this to the microcontroller 30 (CPU 31) by
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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 gauge 39 will be described later with reference to FIG 14. The

1/ 0 portead® of anustettupor Katleer) thpovetcaur@nt deteptidn Lirarit Ancoetuss tput / out put
termnals. For exanple, the 1/0 port 40 outputs a control signal fromthe

5 n e PIERN ST oo PR ] s PR A ORS Ble el ot o

with a device nounted with the battery pack. The conmmuni cation 1/F 41
chi ef | gelt dc eilbgsintarnglsonfigismiionsd dbel overcairept dgieation qieswiti26) wil bapaci ty of
the battery cell | and 24 transmits the information to the device. The FET

dri ver ddstribeddatds wier refdrefed to B103.qent rol operations of the protection
switches SW. and SW2 for discharge and charge control. The FET driver 42

O o DS O SO STL G SSRGS
m crocontroller 30 inplenents processes to display the remaining capacity
of t hevisea datapusdi3: aL’PU (CanfialiFronessingUng) 81 srpiograrnummenoon33fROM battery
cell 1 is mainly inplenented under control of the
(Read Only Memory) 33; RAM (Random Access Memory) 34; EEPROM
(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 pi‘ogram memory 32 and
EEPROM 35 to control the overall operation of the microcontroller 30. The program
memory 32 is a nonvolatile storage medum 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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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 SW1 and SW2 for
charge and di scharge and the like to protect the battery cell 1 against

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

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

nor mal operations, however, the mcrocontroller 30 duly uses output

vol t agahenf adiedb@ttery cell 1 as a power source. CQutput voltages of the
battery cell 1 greatly vary with situations. It is difficult to stably

operate the m.crocontroller 3Q. |.n order,to so]ve thi r.obl em t t ably
oper at e the%ec&@%%{’ quaﬁlé’iss%@‘? W&ﬁ?ﬁ%@ tq{teap P@ﬁﬂ%ﬁe ﬁ'B‘FFPFBF@O]EQrm up
operations of the mcrocontroller 30 according to output signals fromthe

reset clihewiatch dag tandr 37 niomitonecomawmds suppited by teuCPULDL bhsedaddihti on, the
present invention selects a voltage as a 25 power source supplied fromthe

b . ; . - d
B e e R o G e

such as.,the B we SUP I ci,rcui% 10 and the like and the m crocontroller 30
into a AP8CHERLY.Lhe §a M‘%ﬁ"ﬂ@ﬁr 8 mtsnatyrallyesels thegatsweswtradler 3¥he f ol | owi ng

describes control operations at startup as a precondition for stably
operating thelld ADommvertel 3@ codéertsSighllefropethatihpnsenardls ADWneASNOed for

the mcrocontroller 30 because it
HVIN, and PCKP into digital signals and supplies them to the CPU 31. In this
manner, 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 accomulated 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 I/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

mounied 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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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 longtinme, the battery voltage nmay decrease to O V. In this

case, tiamsimik they mfoehdtich todhedeticbe charged under control of the
m crocontroller 30. To stably operate the mcrocontroller 30, for exanple,

m or ovont o1 15F 30t DY 4l f RGOSt PEMGRR FhEBiRAA

decrease .t he gosm bility of causing unstable operations of the
m cr oc&witches 8 W lzand {asrdischargenasdhduirgaentitols olThe K deiberd?2 st at es of

the mcrocontroller 30 nor ensure stable operations of the protection

functi @Pera%’@s Hee@bfichtry] mgﬂﬂs oph BE00PUOL T £ ﬁl% Rediirdn® deRcflgs! gned so as

to stably operate the protection function by always considering the case
Wnerethe tery cell 1 may be left wunused for a long tinme and the
_batter§ \%]I? ye may approxinmate 0 V. The follow ng describes an exanpl e of
t he enbodi nent by assuming the case where the cell voltage becones 0 V.
Similar cont bwtheiigtagrated gectesting cirtreit 2ethe micobeapemlide 80 dapéanents st op t he
m crocontroller 30 (shutdown state). FIG 6 is a graph show ng voltage

Chanse et AR teceb kU ST OB el £ PSRRI i | 1 1
protection function of the battery cell 1 is mainly implemented under control of the
microcontroller 30.  Specifically, the microcontroller 30 uses the information such as
voltages and temperatures acquired by fhe 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.
QOutput 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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el ectrode termnal Eb 1 and the negative electrode termnal M 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 extrenely
| ow such as 0 V, the battery cell 1 may be deteriorated or may be subject
to a small amount of short-circuiting between el ectrodes inside, causing a
problemwith 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 fromthe charger during
a spec Pbiw%el sotircBBupslidOfloinhe @'a_ﬂérgl celiaf gl tHeafdeaicon&it@l fdiBe battdge an
initial charge current is applied in this manner, the cell voltagé gently
i ncreases, . After . the specified._ti eriqd, .the changer shjfts to.a nornal
oper at PORC HhriAAE S R talns e e WierBael 31~ dadis Ritnn gerPhernl oty
secondary battery cell used for the enbodi ment reveals a discharge

capaci sycloas Bi8@powiir sapplyradiong ilcertdhtheSikisamd thapdcidcantellersdsinteaent . 27 The

cell is charged at a constant current of 1C (680mA). Wen the cell voltage
reache§i§%@gm , i.e., avoltage for overcharge detection, the protection
swi tch turns off (or output control is provided fromthe charger) to

keep ti§ cell vol Lafgrggat_ 4.25 V thereafter. According to the enbodi nent,
t he ni ¢PGEYRCPBIPEP migrecepBoiled with the 3.4 V power supply volt age.
The battery cell 1 is supplied with the 4.2 V fully charged voltage and

the 3.0 V di Shbdolewirgr désodbesrontal]l bpgeatioAs apstditng hs/alptéwndit‘ﬁmff@r ge
termnation voltage is | ower than the power supply voltage of the

m cr oConb{yPh)éhtift the microcontroller 30.

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 O 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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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 are provided to use a conparator to conpare output

vol t agdscdordimglshéhd inicracontrdler 0aredRtobd desidieed yoedsaoenbty updraggle FI GS. 7A
t hrough 7C show rel ationshi p anong output signals fromthe reset circuits

i or ocBere LB R KAMSRRER Bk Rl bl e Ely belet e

termnal Eb 1 and the 28 negative electrode termnal Eb2 to start
char gi Hguseskiogidang timeand the baithey voltaggenay apppkimateth¥. i nitial charge
current of 50 through 100 mA. Consequently, as shown in FIG 7A, the cell

vol tage gradgalel llbhéiEdsesibed e BxihslecTithe &%ba%eﬁtﬁ%@mrgm\écasé or

exanpl e, the power supply circuit 10 starts. At this tinme, tHhe charge punp

i o1 oo SMETERGrIsEp 1108 befiRtes BV, Pl Shise( R E05HES shop G efng Ta1). The

power supply circuit 10 is configured to start when the voltage supplied to
the ni¥p ﬁdﬁﬁbﬂi@s t@stopdlae haerochatredler Fushwiolovagsatepor (2.7 V) for
srarting FIG. 6 is a graph showing voltage changes of the battery cell 1 during charge.
| When the battery cell 1 is charged, a charger is connected to the positive
electrode terminal‘ Eb1 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 battery cell used for the embodiment reveals a

discharge capacity of 680 mAh according to the 5-hour capacitance measurement.
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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. 1In consideration for this, the
capaci tance of the capacitor C.connected to the output side of the |inear
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 tEhelGlhischargedatth cpmstaat cirbentdf11€Y@80asA 5 hoWhehnh&t&H valgageien t he
out put voltage fromthe power supply <circuit 10 reaches the voltage Vpor

t her eaf i gna S jrcyit 13 .goes.t L | evel
(01 m gl P R R By B ot His et BB RYE 30 wi i a
reset timng,. The mcrocontroller 30 starts when the supplied power supply
vol tagéu%é%ﬁ@g tprenined ispovidgd fgrorthe gharger)tih Eegpibici el vodiagage i s
insufficient, the 29 mcrocontroller 30 may continue to operate unstably
and, il 29N5¢auerfiee, behave erratically. To solve this problem the system
of the mcrocontroller 30 is reset at the timng when the signal POR goes

to the L |eve i kes it .possible to reliably. .stabilize subsequent
oper ati ons ofA%ﬁ?g&W‘%éggll%w&iﬁ@?‘n 3¢ WIQQ?@UQ@SJ{/%Q Wk}ﬁ‘éa" ith %P%g‘g T42,
for exanple, the systemis configured to initialize only registers in the

CPU 31 6powge sy I@ltagel n@he batteryaiclldeistshppheat wathythe d12 V fally echangedt ect i on
processes. As the cell voltage further increases, the voltage supplied to

t Pgblrr; Golage i@ e 030 diseRaRR e Wiés vOIt e, | Alcordiddly, Tyl t age to
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
3.4 V in the linear regulator 12.

Further, it 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

i’nicrocontroller 30.

_ The charger is connected to the positive electrode terminal Ebl and 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 determned 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 crocontrol |l er 30 does not start until the power supply voltage supplied
to the mcrocontroller 30 reaches a value sufficient for the startup. The
m crocontroller 30 is automatically initialized inmediately after the

start UHe%d'fWetéTé‘dtrbodel'{@rrﬁin%I }59?{5 E@Jt!cflﬁlt'gzﬁg.dC’?& BBt ﬁb.%hﬁlelclfh%ﬁ

tion
process of the attery ce unti e”power ‘supply voltage réaches a
val ue to ?nable.s bl e operatio This control prevents_the

L
i 1 oc SHINE (a7 inyerlrcharacqurant ﬁg§€> HranzhdfPape Seensequantlypanghawn in

erratically and operating the protection function incorrectly. In addition,

such  E0G! 74l thexellnpllege aiathallpiattelscs he Wihen te dellniolake eseheg 10 veui t's
such as the reset circuits 13 and 14. The circuitry can be easily

30, v abier e RS S LUK B i, SAGhN e e PR rAT B UG

supplied from_ the Power supply termnal CPinl cannot start the
ni cr ocbhbpests dic Bput yeltage wriee.  chashpwrinFlS, 7BhibsavisrocontiollendPger st abl y

supplies its output. Wien the cell voltage is snaller than or equal to a

speci fg,ﬂ%malwﬁlﬁ%@almgg@z\é)vqﬁnﬁﬁg 'Imqqye- mentioned integrated processing
circuit the systemstarts the mcrocontroller 30 using a charger's

(():g} ﬁgt vol tagg, pi)w%i‘ Suf)"‘ply %%r%&ﬂ?Osisu 8(‘))r|1f11geudre(fi S E‘tahhv%h&? %rvoﬁtlégg lsgpf)l?er t.0naI
the microcontroller 30 reaches the minimum voltage Vpor (2.7 V) for starting the
microcontroller 30 or reaches a voltage slightly lower than the minimum voltage.
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 Jevel (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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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 SWI and SW 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 mcrocontroller 30 starts, a tinme period is needed until

t he poweicrocouppllyr 30 niagNshabid dEaatd instIR afg dh eBnsddehad Hefhse peri od,
the mcrocontroller 30 operates on a voltage supplied fromthe charger.

cpeci | FEAgARhe TESaP iRBRRlehrhsaSHER ot R utrSoshtalet 00 B IGAR 11 om

the AD converter 38, At this time, the power supply termnal CPinl is
sel ect anmngrwhentie signal ROR poesgo thekevelr c ditis thkesTh gosdiblego reliatiy 31

circuit 11 is supplied with an output voltage fromthe battery cell 1 as

shown kbl sub ueﬁlf‘bﬁer;éﬁbﬁsa&ﬁhg?ﬂi%f@éoﬁ%roﬁelpﬁ’(y‘.’er supply voltage for the
n

m crocontrol I er 30. I's manner, the power supply termnal CPinl is
becomes. st anf 15 PRV ETUOR it T T2br ehatmgles hesyfeahiveigthe (o
m crocontroller 30 can be continuously supplied with the power fromthe
bat t er jnitielize dnly Tegisttet mcthe GV 61l toaglee RAMSRIdaridnatrioitiatige the bariepgcdld sel ect
the power supply termnal CPinl for input to the charge punp circuit 11.
't 0's 498t pRUAINDrdBEssEI® As the cell voltage further increases, the voltage supplied

to the microcontroller 30 réaches Vpiw (3.0'V), ie., 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 readﬁlg 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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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 showi ng a process of
the mcrocontroller 30 imediately 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
initialize registers in the CPU 31 and the RAM 34. At this tinme, the system

per f or neibsefle\s ahdhicrrabnpPolkgess needed after startup of the m crocont
roller 30 and does not start the protection process of the battery cell 1.

At step S603, I 0GESS,, honitors e | evel. of the signal PEWfromthe
reset cir cuiWﬁ‘%ﬁ.ﬂ?%@ﬁV@%eslﬁ P OE’Q\RF@O%I%“]?-BS %?ealyo:“g%ﬁlipﬁhﬁgé@@ 31
perfornms normal processes for the mcrocontroller 30 such as protecting
t he batthe ppweebstpply deranidal CRindulaanphsyait iee nécraconmolldrdt erAftaahaci ty. The
program perforns the following initial processes. At step S604, the
proces ‘ [ ' | oL h I . e
wat ch z%lg& @?s!ntgté ’g@ @E{,éﬁ%@?%@&ﬁnﬁg o%sol%te(?ﬁgﬁ&tgr ‘gggﬂtgléérgéq’ YJO:lC B-cg% of
protecting, the n‘icroc?ntrol | e 0 ag?i nst _erratic operations. During the
st ar t upMEHEE S TFg! I ShRcide walpg (8-Be 2oV in themhoyevnentignsd i niti al
settings may not be cared for not only the mcrocontroller 30, but also

t he watintegrdded provessify cirdhit 8, Sicaystenesdss tHeomhgogumotler 80 usingreal i ze the
protection function of the battery cell 1 by mainly using

charger's output voltage, i.e., a voltage supplied from the power supply terminal

~ CPm2.
~ FIGS. 8A and 8B schematically show paths of the power supplied during
startup and stable operations of thé 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 CPin] is selected for input to the charge pump circuit 11.  The charge pump
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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 determne 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 strcwit pissgplietuyithan ohipit vpbagetiom the batteryombint axttosyn BOFIG. f or ced
into a wait state. At this step, as showmmn in FIG 7B, a power supply

| ¥ 1 : i ft th
O Tt I T S T g

startup. The mcrocontroller 30 n o]

t he power supply voltage as much as possible. For this purpose, the
micr oc@ﬁ§ F@ngl‘p %P?‘é’e'gw?i\a tqrﬁﬂ%lfﬂ&ﬁaaﬁ ds slggted E@rigp’éfrfﬁdbﬁ chyge pyap
instruction clock 33 frequency of the mcrocontroller 30. Then, the

f ol | owtingnipi bedes the operationiedomat sabkpafEse staftap pr s shaight RCt s vari ous
configuration values allocated to the active software to start execution

A R e R S R g S R

reflected inclJyde, for exanple, voltages and tenperatures of the battery
cel | 1034y &6eHdr to detect abnormal states such as overcharge and
over-di scharge. These states are detected according to values input to the

AD conver t er TB8de®ctioh @plt&EdiE, ustd & pivvades Snliff td léaeke poFeshiply al ues
configured for the inside of the mcrocontrollér 30
terminal CPin1 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 microcontroiler 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 stép 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 microconiroller 30 and does not
start the protection process of the battery cell 1.

At step S603, 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 performs normal

processes for the microcontroller 30 such as protecting the battery cell 1 and
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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. It is also possible to use the stored value to operate the

mi cr oc @atduddtirgr thd Pembiin d 1641t gyl eg% ' '
m cr ocontr ol I% 30 may séfjop eéﬁga}g%&ngﬂ dgﬁér asgffnggﬁfb@féf@aeg%m“ﬁnﬁg

consi d%ﬁtl]on for this, immedi ately before the mcrocontroller 30 stops
(e.g., WHBNPTYHE el | vol tage becones | ower than a specified voltage), the
nonvol atile nenory stores various configuration val ues needed for

processes af tdrstah8604 sheptocesf dlears theconfgatratién viloe of ey wetchaltfa tyeat i on
val ues can be read to be used for the processes. 34 However, sone |ength of

time | s7needaon iRdhdey COMAAN B INnIAhHERIRE S0%: HTuhlfgryolat ! e

menory and reflect thHem on operations propriate

for the purpose of,stably operating the protection function imedi ately
after P egtt%ag &\?ﬁm%wé@%r géégﬁﬂé‘kﬁf‘é@ﬁc eprsatemy. 3 Duringthesiwsti o oper at e

using configuration values preset in the active software i medi ately after

the m ecourdinty toldneincredse Bi the power Bapplysydlags Avitial B@:ﬁﬁg@ﬁiag'-ﬂcﬁ%%réﬁm ues
used for this stage are prestored in the program nenbry 32. These val ues
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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.

Atstep S603, 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 neéds 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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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 nonvol atile
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 deequengshet thieanistanonicobier 30. 30heedbedsllayiegtproceshanpenformmpdal to 2.5 V
based on the cell voltage detected by way of the AD converter 38. If the

esul (1, 21 Wy Saw, OBORLGERE.RYARERSEol skl PAOR, eslep 00, 1he

process initializes regi e configuration val ues.
At step 5610, .the process reflects the configuration values read fromthe
EEPROVASHY R HITR NP Slrekexasution Pgﬁ@cﬁm&?tlﬁn@é%s penstabnosmebstgtes of | 1.
Thereafter, the mcrocontroller 30 changes to 35 the nornal operation

st at e. th batteep c&B 1kuch beoperchage aaidl @et-glischargpoWathesidRFigyiratiopy vElia! to CPi nl
for input to the charge punp circuit 11 to be powered fromthe battery

11 ' ' ' | i abl . d
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protection fanction even if the cell voltage decreases down to too snall a
val ue PHIEIP detechabngrmabsiates surh as ovgrchagsad @ver-dischaigen ddwse siptesf t he
battery cell] The followi ng describes in detail how the mcrocontroller 30

cont r ok ddtected according to values input to the AD converter 38. At step S607, the
process 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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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 inplenments a process appropriate to the
state mainly under software control. FIG 10 diagrans state transition in
accordance with cell voltages. FIG 10 chronol ogically 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 should be within a specified range during nornmal use so as not to

shorten the IH&W@V&%@%@%@?\@@?% géfedeﬂrtoqgﬂfﬁ%{}cﬁa&aﬁgﬁgﬁoﬂ%iﬂe y of the

battery itself. It "is rec use the Ti I'on secondary battery

within cell .vgltages between 3.0 and 4.2 V. Wth reference to the cell
vol t agdTOTg) i BieH G Olatke BiAsRomAnarlge thispfinepeséonicafitheCPAhale hts bel ow

the normal operation state approximately corresponding to the

above- ieinappretiatafgehe pugmist of slabBogseratiitethR\rbeabs fusidhdmmédnely es an
excessive cell voltage. The over-discharge state signifies an insufficient

pat  or g e B9V Gkflert e Chtt AT o 2 Req AP RRRSIRISA (o ot at e

permts bﬁth further charges from the charger and di scharges due to
connec CPBHEWG AN yiakites prefet nblke. active softwateonaagdiately afterr ihe exiciavontralleches  SW
| and SW2 are turned on under control of the mcrocontroller 30. Wen a

di schaB@etaaus Bhdt ietoagly] the@bhAgaralionRanraRkbE ol A tYe 48 ?gnist&‘éd ;u?gc o

specified value fromthis state, the over-di scharge state es e

di sab oo AhIOALAPIP0 Fheded Q' S tead MRt RE'GEY 1%k The progrdi OFeC! ' O
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 startup.  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
t0 2.5 V based on the cell voltage detected by way of the AD converter 38. Ifthe
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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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
increases 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
performthe startup process as described with reference to FIG 9. In this

st at e, theombrmdl iperhimngeate s IAQrstB'IptS(ﬂCI,ﬂ@ﬁr@bé\sstsﬁl%cﬁrtﬁé B6lePRupM/ t ches SW
and SW2 off and on, respectively. The power supply source i'S Set to the

causes SRR g by REBLengRaE e ERER 3T o Bepar it Fr S RefFoeq
val ue, the power supply source changes to the power supply termnal CPinl.

The bate¢lkdy cell 1 operates as power supply. Wen the cell voltage 37
further exceeds the specified value, the normal state is resuned. The

protection gWeheBySdntidhea ph%e?§ %%Ikgé f gl%‘?ﬁm&ot%@fi%ﬂﬁr ?ﬁg%ﬁ%ﬁ}g SaANdgt he

di scharge. After the battery“cel y charge r- continui ng
the charge,changes the.state to the overcharge state. The protection

SWi tch%‘%@t‘?fg}fe CB??OI&*I&UB%SQ@P 8ﬁ‘F‘§Iﬂte§)3h‘éP‘HP g Pgeiectioniipgton gxpl st at e
changes to the normal state when the discharge causes the cell voltage to

be smatliearelltvaltagerdecrpasds down betospenall & edlueab deive lthe tiieoabstysiigret i oned
state transition, the characteristics of the battery cell 1 are taken into

full Cfmﬁfeq:%r%iﬁd?{‘célﬁrcﬁ%me%’z{t?erf%ﬂl] vol tage val ues that determ ne

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
30and4.2V. 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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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 di scharge current results fromshort-circuit between
el ectrodes or in the cell. The overcurrent detection circuit 20 determ nes
t ransi CEBwoltage.ne overcurrent state. The microcontroller 30 controls the
restoration fromthis state. FIG 11 shows in detail a flow of state

transition copt W rief : ' . i bes
specific thr gs%h%lglc‘imvlg%rg}é lpéfr{ gfeélqﬁ)rf\}%}? %r%o%%@té,??%%%ﬁ%@ggggﬁ& and
necessaf’l RLogcesses fluri the state transition, 38 (1) Detecting the
over ch& é@ d419F EXaRnlc: o SHE: apnioaRl opREAtionState permithboth: fuFtbeoeharges feom30

determ nes the overcharge state of the battery cell 1 based on cell

vol t agthevdiadrgatemdatiatavges dueeoABnaedtitar toer didéhardsloadhOWhat 1§ t6lsy, tid, the
overcharge state is detected when the cell voltage Wl | reaches ™ 4.25 V.

Lor m et R T R SRR ot By SRR oG Se ot GRSl s

char gi gg t% battery cell 1. Concurrently with this process, the CPU 31
wr i t estr aféien »Aischangg cansasithe self soltagatodeasmalles tthareot equadia then 1 og in the
EEPROM 35. For exanple, the log can be used to

specified value from this state, the over-discharge state takes effect to disable any
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 permiited 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 catses 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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correct cal cul ated val ues according to error occurrences or detect failures
in the battery <cell 1 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 nornmal operation state. Wen
transition to the overcharge state turns off the protection switch SW2,

t he celfurthal eagedibblspecifiedivalve] thedeshedses isectebatt 'I‘lli@;lﬁt@tédti@ﬂ to the
normal operation state. This restarts the charge. The ce vol tage Wel |

i ncrea ok . vV, e te, causing a hunting
condi t?gﬁtclﬁ hat r%%e%?@%ﬁgj ﬁ@‘gﬁ{gﬁ?ﬁﬁotﬁé%E%[gg@gﬂttﬁ%@saﬁggghar ge and nor nal
operation states. To prevent this situation, a detection voltage for
restoration #dlariec hattensiceddeis dully ahargad durtheseontinwigtteaharge dmnges 39
detection voltage during the transition with reference to 4.2 V, i.e., the

i
fully dhiastgedo ivobi@ehagt sthe |Tﬁﬁ1bi=5"ﬂ:étﬁﬂl SPIEANIN Y rhRd 61?%% Beﬁ‘ﬁ?B jng to

t he above-nenti oned process, the crocontroller 30 can urate det ect
occurrance:. e ercharge state and st the charge operation. It is
possi bl'e @‘gaiaeré?ab%e BV%R‘;E'%WG &?2?1 Cl%‘i“%&?éi? ﬁ%sn%@l éﬁégﬁ’p?gﬁh% ischgat an

el ectrode of the battery cell 1 or snmoking and ignition, thus ensuring the

saf et y caysesithe eglbwolpagespibiesmadler detnentequat @i thespedified keluehar ger connect ed
to the battery pack. In the above-nenti oned description, the state
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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.
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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 60C. Alternatively,

it maybe preferable to decrease the threshold voltage approximately 0.1 V
to detect an overcharge when a tenperature information value exceeds 60C
(2) Detecting the over-discharge state and restoration Transition fromthe
nor nmal oﬁg ation tﬁt ate to the over-discharge state is detected when the
cell v g&éeWIgl B OYBIFESTICHE apAsesioraloy. This detection turns off the
protection swwtch SW to cut off the discharge current. Like transition to

the overcharliw 6PEIS] af AmlrORkARRA deld ARSLINERLLRALNR SNELTHiSChar ge
0

state is witten as 40 a log to the EEP ondary

oper at LGET R FRENBERTER D4R o6 Setetibuof Bipfh ommeonati cAs may o'

configured to stop operating upon detection of the discharge term nation
vol t agehovmendlEr. ddoteraierahargostateds defectedatient inerelloldiage @ldei@es t he
over-di scharge state. If this detection voltage is set to be equal to the

di scharges Wt erHTEET Qv tdgi R operating the connected
devi ce corresponds to a P??%H%lgget%(?%urnggéﬁﬂgi@%er@ﬁggﬁoo%@apwch SW1. The
process to. s erati the device may not be conpleted nornally,
causi néefé?lﬁlai @ﬁ@g) é{ﬂl@gp HRiPLOtEElRN Bwitch RSV 2.ov Ehisdoreblyr epsstimrgingdhect i on
voltage is set to be slightly |lower than the discharge

battery cell 1.

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 log 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 restoration to the nonnalioperation
state. 'When transition to the overcharge state turns off the protection switch SWQ,
the cell voltage Veell immediately decreases to detect transition to the normal
operation state.  This restarts the charge. The cell voltage Veell 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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term nation voltage. After the device stops operating normally, the
protection swwtch- SW1 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 time point of transition to the over-discharge state. Such
information includes values tenporarily stored in the RAM 34 of the

m cr ocoifedionevolage duvingehatphsitiontvatiCRifeRhce eadS VHe ShORER clipf@Ql mat i on
at a timng when the power supply voltage is stably supplied to The

m cr oCopfa0k I8 he3 - ﬁ?i The information can be used for
operati ons% (cor rgg%{l)lﬁllgﬁbﬁg&?%ﬂs ?3’5 OinFIG 9). 41 On the other hand,

transition Mmt e over-discharge state to the nornmal operation state is
det er mi ned wHeFFUENEALPithe abova-mensioned pracess, demgiokomteaters® dangher  t han
2.65 V and al so the charger is connected for charging in progress. It is

known dchatatdlpeletdct beeimdme (FekosdathakatiRfs harke! esyf he
cell voltage j]i mredi ately after the d?'t?char ggn‘g?‘?gg?@%éﬁégé’ggﬁ ;ﬁ/', |I¢ t he

ol tage i e e di sct b ACTY, T the
mor mal bharteda Qe phpn RGOt bl oRuon b cBete ol e

voltag%@to detect restoration to the nornmal operation state, there may be
a case ogftenaem) hgr smekmgandhignitinnjithusoenstitiag thegafatys i alsor%mibﬂémﬂ
un

bet ween these states. To reliably prevent occurrence of the ting, sone
Iengthd@tecthlf@ilﬁleiﬂﬂ%’@ﬁhr@@td&ﬁl%clfeﬂ%%ﬁéﬁﬁfbﬁ%ﬁlee over-di scharge state and

restoration
In the above-mentioned description, the state transition is detected based only
on the cell voltage Veell. 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 mmformation

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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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-discharge 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

term nal P%KP iE llgm detect the charger connection. The input term nal
HvI N i & 108 ndes BE positive electrode terninal Eb 1. According to
t he above-nenti oned process, the mcrocontroller 30 can accurately detect

occurrence oflHeHethauariodseshdngebatery as@tie h@Pafdtaedh?ohsh gﬁlta set fo
operation. This nmakes it possible to reliably prevent a small anount of

short-ey I tosLAsi de- ctr.od nd, capaci.ty degradati pn.. Further, it
is posg'(?)?é tvghgﬁgludr%glcieh%gje?%% ‘éﬁ%}gﬁ??gb%eé%aﬁ Lia5é@ 1g %‘S(l}ppf}h{:h Vi y cel |
1 from being shortened. (3) Detecting the shutdown state and restoration
When t ARl FoRiaguieddo veploperatingarpaietatectzmsofithe dischargeemighiehar ge st at e,
the mcrocontroller 30 cannot operate. The discharge current is cut off in

the oweltagé.scilhe acRicBhRollACHPhHs g %{et{eﬁﬂ?&l Q&H%VtB'&ege[Qﬁ%m\éé' | slowy

decreases due to power consunption o e mcrotontr er’ 30 and the power
PuPplY S At ale, BRSO DTS F e gl OG0y ged
operating when the cell voltage Well becones
termination voltage, a timing to stop operating the connected device corresponds to a
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 normatly, 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).
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smal ler than 2.2 V. In this state, the mcrocontroller 30 cannot start
using the battery cell 1 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 incrgjlsgwi n.the vol tage supplied to the mcrocontroller 30.

| medi at el y &% Bie qther hangy frangiien fopa Seoenarsliscbargestapéo ficawrnsilng  a
voltage fromthe charger as the power supply. Wen the voltage stabilizes

to sommpéfationtstatt is detgrminel ethdnhR sy Hel thaesl \Géhb%egvtgﬁg @E%gmés Mgh&he

power supply terminal CPinl is selected for input charge punp

ci rcui : |etely restores.to.the over-discharge state. The
above- &r%#%g-élé\g aggri g@g&gggﬁq{g?ﬁ ﬁicﬁfl?%dﬁg EYVeHaT g fBEASTESs- t HelShEoPEry  cel |
1. The mcrocontroller 30 can start normally after the charge starts. The
pr ot ecthdihpEfdessionsecendary batteytempbtarily droresscatte cllailiage( 4) Det ecti ng
the overcurrent state and restoration If contacts of the battery cell 1 are

hort - ¢ ii s i i.sch I t h
a1 e o R s oS RHIG ST e B vl b 5P "
resi st%r When an overcurrent

occurs, efeﬁﬁoﬁ%ﬁégﬁog‘?ﬁg&;ﬁ%ma . c?slglh %ggﬁﬁﬁ%&tﬁ@n@m& & thet he di scharge
cHrre ntoi/er—discharge state and the 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 notmal 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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The overcurrent detection circuit 20 is used to detect an overcurrent and
control the protection switch SW1. 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
SW1 when a short circuit occurs. Assumng 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 the mcrocontroller 30 operates.
Dependbperatipnan Thnsmekes it posshlatte reliatiherevient nsmail mohdert oBShonacediiat el y
before the start of the interrupt process, the tine to provide control to

turn OiI{SI(Fé.'&le 1RSI Bﬁtclﬂéaccﬁy V\ﬁﬁ{%ﬁ(ﬂ%ﬂ?hm rgq‘{]ﬂ ﬂg)gylbfeafd lgr ége del ay.

Accordin e protec nee operate ependent |y
of |nstruct|on states in the mcrocontroller 30. As will be described

| ater, S%ﬁe&f@mdﬁmﬁfﬁ@t@ﬁ&f@@fﬂﬁt@@@%&ﬂb%ﬁ-@m&ﬁl@ﬁ shpdgnehe overcurrent

state. Wien the overcharge state changes to the overcurrent state, the
protection switch SW2 also turns on to enable the charge. The control to
turn on the protection switch SW may be directly provided by the

overcu irec the control to turn off the
pr ot ec i)ﬁ]ﬁé@%‘a ﬂjesc&ft(‘g}r %ﬁ{ebaélﬁﬁﬁﬁ{?lr ok by the process of the CPU 31
after transition to the overcurrent state. FIG 12 shows an i nternal

conf i gur at i oWlestatheicell opltege Vol furheradecrapsesefroindthe aver-dischaigo state, shown in

FIG 12, t he overcurrent detection pl rc_wt 20 conprises a conparator 21, a
di gi t alncigk@vesitellé B02Ame: Ok, CiThedidchdde Rndly AMBTRlRe Ci reuit 24.

over-discharge state. Accordingly, the cell voltage Vcell slowly decreases due to
power consunption 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 Veell becomes
smaller than 2.2 V.

In this state, the microcontroller 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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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 digital delay circuit 22 delays an output signal fromthe conparator 21

as | oogteas exz.nwhen theheelvdidgel Vadl ayceedy 2.61V, tR2powsefuppdn tarntipalt  si gnal
when an i nput 45 signal changes to the L level wthin 5 nsec fromthe rise

or cven i} Ptk b o SR et ARGyt g, Ol B RbRBIARY L 22 o

latch circuit 23 latches an output fromthe digital delay circuit 22 based
on a tesbks ) GegverdinehargsiséiR- osci | | ator 44a or 44b. The | atched signal
is supplied to the FET driver 42. Wen this signal goes to the H Ilevel,

the protecti Qﬂe%%{z@hléﬁ%ne&?mde_@g eAfhininuie 8 hodfdr dedieasd At hbeditadygnal is
further supplied to the CPU 31 via the AND gate where the clock signal is

over cubfbit - ddedsieraPstoD o3 sty R od SRRt offipon s icn
SW based on overcurrent detection by the conparator 21 independently of
i nst r uptateetiorspracess fof thenkatiery celd dreanestarestatdg. This can enhance the effect
of protecting the battery
| (4) Detecting the overcurrent 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 instluction 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

44



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
the protection switch SW1. To avoid this situation, the digital delay
circuit 22 is used so as not to detect a nonentary overcurrent of 5 nmsec or
| ess. swildh 3% ghangensndradalyunanse oirrgg delag. t dcaordisgiycthe pentectomswiichr e
stabl e operations of 46 the protection function. Detecting an overcurrent

al | ows ts i i i : int:er :
T o ooonyAdREas 6be Rl BRtpaachny B i Ribl st HiedBinooller 38, 59
of the mcrocontroller 30 wites a state _indicative of the overcurrent

occurrence i S WHADE dgscithed latepstasting the ghasge ggsretestosatiqoirematbor nal

states. After the interrupt occurs, the CPU 31 can read configuration

val ues dveaturtdie staggi SWekentthe beeobiige 8tdid Ehar@ee t6 tHo @RircRedikieddee Thi s
makes it possible to snoothly performa subsequent restoration process

read cdRPEATPEPMEERSIFRaLS N e b tEeri B Bifh gty Can be

used for failure detection. If an overcurrent occurs repeatedly, for
exanpl @rofectipn swigel SWE enasobeidiresth providestbyathearvgecutient Hetegeom airewiht i s
used for a device connected to the battery pack or that the battery cell 1
i's hi ghoylileodsicBhitoBlyciin 6ifrthelbfRektion 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 circuit 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 sets 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 Rthl and Rth2 are configured to
be capable of voltage comparison in the comparator 21 against the threshold current of
34 A.

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

long as S msec. The digital delay circuit 22 resets an output signal when an input
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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 batter, pack is put in a pocket and a netal 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
faul t calgﬁd chain short-circuit. If the above-nmentioned restoration

met hod Sighadshaanges ke thedk deste) vatimn Smsaeeyomdhe sise tinngvétheud devdl. simt e and

the normal operation state to cause abnornmal 47 heating. Wen an

over curliie Mareeuhe digdite derlycinealtoads Ppﬁféﬂf&p&&ﬁ%&e&iag% hBfenpRg" at i ng
vol tage of the microcontroller 30. If this situation I's repeated, the

m crocont.rol | operates unstably. In consideration of the foregoing,
restorg)ﬂg%ﬁrﬁ‘eﬁéﬂfgﬁ%&ff\%ﬁ%sﬁrrent state is configured to take place only
when the charge is performed as shown in FIG 11. That is to say, control

i s provided flhedaishoimeuit?d letchecam vetpit foat thetdigialeletey cipduit 2Pbaatlican state
when detection signals fromthe input termnals PCKP and HVIN detect

connec hicttiolighfIGrsy dBeL SRAIABPLALSE 1D O LAHAAGYAN AfGuih, fhar g

may occur for-a long tine a det ecti on an overcurrent. case,
ration f the mcrocontroller 30 when the

col | FHISBUSE | Wb S St £oes ©rilin Ebleyelyfa profaeeos svtishy S Wk
according to the enbodi nent of the present invention as
forcedly turned off.  The latched signal is further supplied to the CPU 31 via the
AND gate where the clock signal is input at the other input terminal. 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 occurrence 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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menti oned above, the protection function of the battery cell 1 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
operations provided by the mcrocontroller 30. Accordingly, it is possible
to rel ithbipyolpetidmofimctine. operation for protection against an overcurrent.
In this manner, the software control of the mcrocontroller 30 is mainly

aduci ng 1 he By 4 R AR L E et B B £ T

additiagn, it is possible to easily fine-tune the threshold voltage for
det ect i'RTRIR, Sremmicreecntedler Ble s VReH defeaiies 2 aedyireenist gif interrapts BUcont r ol

corresponding to the characteristics of the battery cell 1.

[ M cr oc3inef kb nsicrdeaaadllepst wirzed 4 sttethdidagvat iRroveb@lrterf bebiGedicRNn Pr ocess
and the remaining capacity cal cul ation process] As nentioned above, the

pr ot ect . | t_lhe batt cell .1 is .inple ed by detecting the
over chaﬂrl‘ggeéé#g?éw g?é%hggsjéalgl)%ﬁ g%StB‘EFs%tH"OESWal ﬂ@npeéelnﬁrﬁe\'igli‘q tection.
The protection function further detects the overcurrent state based on the
di scharageusy Hedab Udbl eantriead configurativn e alues fiom tfefregistar to keavgaizedhar ge
currents and discharge currents corresponding to the respective states.

For 1 heveraeass escitfencke TRCHARA T HBLiISE td Ymoblifty pBlorkh AtBEbdust Ce! |
vol tage val ues via the AD converter
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 éell 1 is highly possibly short-circuited.

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 1s 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-circuit. 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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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 SWI and SW2 via the FET driver 42.
It maybe 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 |ikew se control operations of the protection switches SW1 and
SW2 for, protectjon against abnormal heatinq. During these processes, the
CPU 31 hsptinge Whebabavetspirent gurs thescallieoltagaosesmes &ﬂwqﬁgm theol t ages and
tenperatures of the battery cell 1 fromthe AD 49 converter 38 at a

speci f igggratiigeviitige offie Rt 03dnPENrBUTS IPHAS SREABHIG HERORAHNY to the
val ues. "For exanple, let us consider a state in which™a device is connected

to the_batter agk and.is s |ied with power fromthe battery cell 1. In
‘order trglcg(gqoalf}/ﬂf%ﬁ5@0@8{211:?%1&1&3@}%ry cell 1, it is desirable to use as

short an interval as possible to read the voltage or the tenperature of
t he battery doldondiderationtdi¢he\foregmngr testor@in onnt the ovtivarrentstdte ishe
m crocontroller 30 not only protects the battery cell 1 as nentioned

cbove, cBHTEBSRCATkEHlntk B s SO TRERE LY b0 iBstGety, cell 1 and

transmts to the Vi C nformati on ¢ ate rough” comuni cati on

with t devi ce. These processes enable a di splay mounfed on the device to
di spl agﬁlaﬁés O B M I%EWX@? °6PStPWetlhBéPtVF e@ggtratelto neHEalayai | abl e

remaining tine. In order to performthe remaining battery capacity
cal cul apematiopr shate sehdni datedtiom sigiedy Somethici inpeidennotabcPCHP guddd®3s], t he CPU
31 needs to acquire the voltage of the

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
proxlfided by the microcontroller 30.  Accordingly, it is possible to reliably perform the

operation for protection against an overcurrent.

In this manner, the software control of the microcontroller 30 is mainly used to
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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
based .on_these, pieces, of information to the device via the conmunication

|/ F 41 implnedhe projsetion fachan oéthe bastery cell d, Gperedusingtheaircsitscikel y | ong

period such as over an hour. For exanple, successive inmaging is available

for apphddetrhsing Mohufabubagces@n n YdigonCRTEpSsHle f@éa}sg?a r%xm'ﬁ%tﬂ% y one

hour on a digital still camera. Accordingly, Tt I's pre e to update

t he di f t.he remainin attery capaci at. an interval .qQf one mnute
or fi vﬁegib@g Vﬁﬁtﬁg? g@%@%@‘%@i’ﬂﬁ@dﬁ@@ cgﬁ%?fiﬁq"yan%ﬁs §$@b\iehm§ﬂy
user-requested di splay accuracy. Therefore, the remaining battery capacity
cal cul acewnteprantiod somesrbndatg totthachatatterasticubhthedarahuesd 1.0 the device in
as short a tinme as needed for the protection process. In an extrenme case,

it ] US‘[M@l%@%&@lléi%ﬁsﬁﬂr@g?iﬁﬁzétmfﬂlg%a{@% %e[}l]?/%lﬁgegﬁ\%g oce%?%ﬁ(;l”ﬂ?é  on

process and the process transmtting C ues he” devi ce

only when. the processes._are needed. In consideration for this, the
enbodi ﬁ%‘ﬁ%?&aﬁ@(’? 109 RIeeSSks by issuing an external interrupt to

the mcrocontroller 30 using the communication fromthe device, for
exanpl e. At Asirsentioned aboiver fhetpratectiion Aawtionedr tHertemetsheelADigonver t er 38.

An interval of the external interrupts is configured to be
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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| 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 descri bes

i nformati on needed to detect the power consunption. FIG 13 is a graph
showi ngosivarige38 ata speesfiedbiniteamal urFlen€BUBT padovisdgocesoetarésbondaigat i ons.
FIG 13 exenplifies changes in currents consuned by a video canera that

uses a dry LG b ) hdeo lLsS..an npl e of
dovi codt o talls o RIS FRIIEIRT S LoniaR® o3 Ky SRTEE RiefeRBat,
canmera js. turned %n gt timng T101. An internal circuit starts operating
at ti mthgbadery papkand 13 fepphsdovith powen fomattiedsitert call ki nlp ouesto Sxfelyi ng t he
notor generates a rush current to greatly increase the consunption current

monent girotegt théfeiteryeed! O] 0l dusirhble toREOES sort 80 RteiaPhd SoRiblb i dld 04,
the notor is driven to generate a rush current again and increase the

! n | _ the
e ok e B Hichpel it S G BNy o1 FaBR0ERER SO B g, For T

exanple, a digital still canera is also subject to a large variation in
t he consunpt i@nthaetherhang,tie wicyeeentealles 30afot antyumbtects the baftery cell 1 as

mentioned above, but also calculates the remaining capacity of the battery cell 1 and
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 voliage) 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 communication 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 approximatély 10
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current when a lens is driven or a strobe light is used. However, it is
inportant to neasure a device's average consunption current, not a
short-termcurrent 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
detected val ues. However, this nethod conplicates the process to average

oper at ihoniss oy a videondaemara @nfmrcﬂppeommtdngﬂemoam onmatigitelpeillatangdrar equi r es
increasing the frequency of the process or enhancing the size of nennry to

filt Ertﬂﬁoﬁ?’?%% R TR N P i

usmgthls fil &? However , thls met hod reqwres an installation area for
a rel a@ivBierval of gae sppEte l‘ﬁﬁatﬂt 1Ghmdnytas feneaspl pran Uhatccan fully segsfys. By
contrast, the enbodi nent provides the fuel gauge 39 in the nmicrocontroller

30 to dl@&awr—raqu@vaf@gplay(a@mm@yl on current. This facilitates the process
to detect a consunption current by the mcrocontroller 30. FIG 14 shows

| f the. f 39 Sl FI G
14, the fuel e i A BERaRe pdEins Hiow PR Brotsss roedf Wnose | mput

‘termnals are connected to both ends of the current detection resistor Rs;
a capadiapswitGaiulaedvalice s Bsrdeviee iamsshoputtime seadeddfod therprotection i ng
input termnal of the differential anplifier 39a; a resistor Rint serially
i nser t peodees.Wekard &ftreme 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 eﬁample. 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 éapacity 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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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 voltage Vref;
and a charge counter 39d and a di scharge counter 39e connected to outputs
of the conparators 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. Inthis configuration, the differential anplifier 39a operates as an
i nt egr &P6FALOHE. | nput vol tages. Qutput fromthe differential anplifier 39a
is input to a positive-phase input termnal of the conparator 39b and an

inverting i npIG. (8erbmplified clhhdedth 6RTHRE ’e‘bﬁu[u%eg%by{ %r\‘@déoerfa?x’ié?ﬁ%tvm tage

Vref is input to the inverting Input termna e conparator 39b and a

ositive-phase input termnal .of the,co rator 39c. In this_panner, the
(F:) onpar élg%ﬁ?% 13 tgrfﬁ“@ge M@Fl%t%mgﬁ?esr@ae%%P% 1838 exg@@% PEASVHREST ever se
polarities. Wen a charge current flows, an input voltage fromthe

di f f er ennnedtechtepihieftiatiery 3. nalys shovaeih Ktk 18efierddee cymbtageunkd ohhits case,
the conparator 39b resets the input voltage and outputs a pul se signal.

out put T SR deny SRORRal OR o Oehe s T P TP R e 300
TR R ot MG A T W
charge) of the charge current flow ng through the resistor Rs during the
per i odincréasedhe sensunysionecinticst heorgentarilyt eWhéh esrdiap dnthe inag@ktiagfpef rom
the differential
starts at timing T104, the motor is driven to generate a rush current again and increase
the consumption current.
In this manner, 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 remainiﬁg battery capacity can be calculated highly accurately.
Conventionally, in order to detect an average consumption current, the current
is converted into a voltage using a resistor inserted serially with the battery cell. A
voltage waveform is detected via the AD converter. Calculation is performed to
average detected 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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anplifier 39a maybe 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 consunmed power and the power charged in

the batlaey. cAhbther avaibdbeaictivel ¥.to Phevide nalirr agapaifue ke OAHRC ALY
cal cul ation process can be perforned. 54 The fuel gauge 39 outputs an

or cat g meceh S8 SRV RRE RN s Bl FRRIAE] PBRbee pilpdyBThe T ° 1

remai ning_battery capacity. In addition, the fuel gauge 39 can be

i npl enequEds An 1astaligtep) asex foreuielativelyf Jagge entemal part ahdwmeréases| G 14, naki ng
it possible to reduce the <circuit installation area, power consunption,
and mepdhagicHiigcsiests. This is advantageous for stably inplenenting the
protection function and the remaining capacity calculation function for

the battery gell gn.the mgcrocontrolle 0. For ampl e, . when the vol tage
of the batt eﬁy copfpstyth s @&nwwl@qs ﬁﬁ%@ligﬁug%%an %9%%@@@& 0
extend a unit time for accunulating currents. This nmakes it possible to
accur at@todetecten averagenenspiiptioncurreant Pleis facilitates the paoutss tpdetust & he
accuracy of displaying the remaining battery capacity. However, it is

giatsgg \r/cgdﬁsﬁﬂﬁﬁié% dulreBt BR e/ nfibeskt:NeriIe 1D, 19 hBwiRdahRridie remai ning

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 39a; 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 to outputs of the comparators 39b and 39c¢, 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

53



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 canmeras and
digital still caneras. Wen the device is supplied with the power, the CPU
31 can performthe remaining battery capacity cal cul ation process and the

pr ocesshé o aAEdti39ccatgyl 1@fe@&1déa}d;@g%mef ﬂ%nﬁ«ﬁ"tb‘%ﬁe Bﬁ@%g)ﬁllpglhe I nterrupt

process at a 2-second interval. The U 31 can performthe protection
process far he batter ell.1 at..a shorter interval. |If the device to
b pondradnp Lo CRgRARLILAPDINd & POsiiNG PIaHE HoHbRERIIAL G 06 GRMBAGGT. ¢ he
battery cell 1 is very small and the cell voltage decreases very slowy.

I n t hi $9casén thihmadeer the cahpaators 39hend Boc pbefoga cmmyBon dipscdti@nge st at e
is needed not so frequently as for the power supply to the device. The

safetyog LEwthe interval to read voltages and tenperatures
fromtﬁeaﬂgg)‘ggﬁ\?gﬁ%r 1’|[1é§‘ set to be sufficiently longer than the

i nstruction ock fﬁ{lequency of the mcrocontroller 30, Generally, a tine
period of seVéRed aFhaEe SHEBRBHEOWS, ancapBtvelagsdtemithe difEerentiglanmplifieon about
vol tages and tenperatures of the battery cell 1 via the AD converter 38

and t o38eneryndxveed e eYatatevdege! O diis ¢hss iy @anpiate . 39¥hesett iR device is
not connected or is connected and is turned off, the enbodi nent allows the
CPU 31 iﬁ}ﬂlt voltage and outputs a pulse signal. When an input voltage to the differential

amplifier 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 accunulated 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 39

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 39e 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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performthe protection process for the battery cell 1 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
operation node. When the device is turned off or is not connected, the

m cr ocarha diel gauB039 sutppksaaeavdrageevang pf Srviongumed gbvas or thargpe patienn

node. The active node enables 56 operations at a fast clock of 6 NIIIz.

Th j i : Hz t
furt hed BRESTIOR Hedt, BaAREomORRad il 6f tR (RO PP BB Bl L6
divided intq a_, "conmuni cabl e state" and_an "incomruni cable state". The
comuniTBEBIENE batteyrappeitns oot e Biel Bagedhcan he tplemeateshia & he

m crocontrol l er 30 and takes effect corresponding to an interrupt every

two secimgk dessccoifigoaidd aostoiyit MEFIC. el n2&ingt peksiblel ty ebdiicetihe

communi cabl e state takes effect in response to aninterrupt fromthe

ot or st 80 s G iont 50 Ao TR RbABLLR AR B R gt oy 51

provi des control to turn on or off the protection switches SW1 and SW
cor r es fonantageews foastably implemenéng dhe protectiopionetien ged thendmadringl oper ati on
states. The CPU 31 calculates information needed to display the remnaining
bat t er yapafctdlyulancn fimitioi fof tdatichf 6¢1Mondhe hlcidBneENECH.
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 cuﬁ‘ents. 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 convemience 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 transmit 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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via the communi cation OF 41. Wen the information has been transmtted and
the comunication with the device term nates, the state changes to the

i ncommuni cable state. In the incomuni cable state, the CPU 31 reads
information fromthe AD converter 38 at an interval of 0.2 seconds cl ocked
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 performthe process to read infornmation
fromthe fuel gauge 39. In the active node, the protection process for the
bat t er ythe bhiteny Gedl batr# shored imtervak7 the 0. 2-second cycle. The remai ni ng
battery capacity cal cul ation process is perfornmed corresponding to the -

comuni cat i onfi : wr 0 cl.e. . Thes ontrol operations
can al ways s?gb y@%gr or?né]%C%e)&&a6?@@&@%%@8@@%%%@&1@@0‘%&i ations of the
cell voltage. .Furtggqrj, it becones possible to provide inportant processes
for th&USHRPUOP OAthabatery eelf I gurerysmalbamdithiecceili vaitage thcrdessis oesy and

cal culation of information needed to display the renmaining battery capacity

i th  diowbasdd (iowase, danssipRbingoR B URUU RN oPGFULACRard\aRGL | Ve mode

permts both the protection process for the ery ce

remai ni ..ty calcul ati on process.tq be perfornmed at a given
cycl e. r{étg d‘?cgﬁ(r&'ggsqyfrr%g%@%@g Bios \l.hfamogv eEﬁBPIlettB Aexied- nlihe aalety Gam b pl e of
the cycle only to performthe protection process. If these cycles have the
rel at i GR8HER lgﬁledhtel’tﬁido eatioenlagenand tephperatunes fromtthe |ATS tehidridrB8dE t he

m crocontroller 30 is sacrificed.

set to be sufficiently longer than the instruction clock frequency of the microcontroller
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.

HIG. 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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The rel ationship of an even-nunbered nultiple can sinplify the control by
mai ntai ning the stability. Wien 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 des control to turn on or off the protection switches SWL and SW

accor diopgratmnstahe fagefidkiofédME{at eThncnaray saviapesodadmbistoperativesded f or
the remai ning capacity 58 display. Calculated values are stored in the

apaat ot By 1o a7 B te et el dlhe N L b LB e ey T ot ) wnen

occurred, enables the active node and changes t he |ncormun| cable state to
t he communi caBleeactivameodens breadly dhddedingg e, comenuriere siate” ¢indemn 30 control's
the transition between the active node and the energy savi ng node. For

this puiResemuhitebl sﬁa’t@'c0”ﬂi@bd}xﬁfmﬂrﬂ&lﬂ'@§tﬁfe;@é?ﬁﬁm’éff&hﬁlﬁﬁni%ﬁn@1@beﬁ&b&ndeV' ce

is connected or the connected device is tur on by detecting whether or
That 1 g GORES wrThERistbttalfr Dk G Fe L RO GebneBed BE Hr I akce pl ace
within a specified tinme period, the mcrocontroller 30 assunes a decrease
in  theveiysttmsepentlphasedfont declhagt(ﬁrdge tieet 36. aAdtepeativielys theper ati ons in the
energy saving node.
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 of 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 gauge 39.

In the active mode, the protection process for the battery cell 1 is performed at
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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 SW1 and SW are controlled according to the state. At this tine,
the mcrocontroller 30 is interrupted. Wen detecting the interrupt, the

m cr ocdhe Odl-senondQyicke. t Effporeatdifing bagtsr &patitpaalchptishesscktaf e to set the
overcurrent state in the RAM 34, for exanple. 59 Even when the battery

0 oui 030 s LRV RAEE o doEnltan ilnel e 8 efbla FFcct  on

process for the battery cell 1 by the microcontroller 30. Accordingly,
decr eastiR§echBirpboRaradsseanpivers stablyrerfiror hegmoteotibr pr@®ss againsty
inmportant to provide the stable protection function for the battery cell

1. The varkigaesf fheldeBrvoddgbs PLANSIRGMbATRS E)P@Siﬁ‘.@ttﬁ réide tiﬁl?%it‘tﬁﬁg

especially for the purpose of ensuring stable operations o e protection
i i o PEEe RE A 19 GRhariy SiPobP eHan gt e RSt ocess | <
not perfornmed within the specified tine of two seconds or nore, the watch
dog ti melcubsicmsafiunfgmationmeatied tohisplatithe raxhainig battecy ogpatityokiter 30 and
resets it. Accordingly, each operation nbde resets the count value of the
wat ch GRErdakéPpowér nsBkftion AldBuRAtibRaRlrdde Protection process (i e.,
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
10 communication interrupt oceurs 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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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 | and the
remai ni ng battery capacity calculation. FIG 16 is a flowhart show ng an
over al difplayw dfalpulatessedsesnre stoeed B0theiEERROM 36| forrexatiplotars sl Br 1301,

the cell voltage increases to increase the power supply voltage supplied

Speci  Fo e oR g bicesy and R PR PO R e el Bl P e G gnal

fromthe power . supply ci r(lgluit 10. The process imedi ately after the
st ar t uSOBBRYESHHEIterEuRty Whep pgewsed, icpalbpsstheactivg maodreand changemthes oni tt ed.
At step S 1302, the tinmer 36 starts counting the tinme. After the el apse of

two séonasunicabletaeas shocaaaedicable shep S 1303. At step S 1303, the CPU
31 determ nes whether or not a communication interrupt occurs during the

25T SOVl AR R A o PLASISRehRR 0.
PrOCeS S Retive mode and the enérgy Saving mode. — For s purpose, he rieroconroler
30 determines whether or not the device is connected or the connected device is turned
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 microcontroller 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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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 perforns a subroutine
for remaining battery capacity detection. The subroutine cal cul ates

i nformati on rgemedhen th tteay padkedossarmisupply posteres yhecdpded, the i n a device
to be connected. This subroutine will be 61 described |later with reference

to FIG : : c - CouRt  val of the watch
dog ti n%vﬂeﬁs%u}fént?tﬁge%gﬁgiz gglgﬂ r2 Q[h %?(ﬁgsﬁ)t %é%v%a?@é&a%%%ﬁnoﬁéiﬁo&%tﬁg whet her or
not anot her communication_ interrupt occurred durin% two seconds. If a
conmuniRrgtectan preesss Lo the batieellduby fhe mirsosenttadies 30t hd ospistiegly, i s
performed in the active node. At step S 1307, the battery protection

pr oces sdecfeasitgyr thepoeebr lcoliguapedn & hdQfticrddonsloBer 50 3@8y itPBrtasi®I Ni Ng

battery capacity cal cul ation process is performed I|ike step S 1305. At
capaci (ouRshasBlroReRE bR dicor B b A" ep 571308 1o the devi ce
via the comunication IT 41. This information includes, for exanple, the
present vol t age microcontroller 30 is provided with the watch dog timer 37 especially for
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 prbcess 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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and tenperature of the battery cell 1, the accunul ated remai 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 S1311, the process determ nes based on the count of the tiner 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 grocess proceeds to step S 1312. At step S 1312, the

pr oces dNKEPENHONEE 3dhet her or not an interval of 2 seconds 62 has el apsed
after occurrence of the communication interrupt. If not, the process

proceeds to t@peSSB3IGL, ﬂ'lés célﬂvbl'iﬁé%gﬁéfea@s t6 iRGEARYRe g?%eﬁkl?@ﬁg gfg%%e cation

process returns to step S1303 t eterm ne et her not

interrupt pceurs. At ste 1313, e battery protectjon process is
per f or r?ﬁapﬁ?% @‘Fé@gf@§gﬁﬁe‘é S%ﬁﬁePﬁ‘é’ebﬁi wottagﬁ BBENSR process i s
performed at an interval of 0.2 seconds. On the other hand, the remaining

bat t er ppeeifiadivajue tleanicaddomroiien 86 stardtbaséon 5 tiL308 signal Benh tamevat an
interval of 2 seconds. Though not shown, the overcurrent detection circuit

operat t AR el IR RE P hodiely Gt he Botap Rty BB RE ot he

overcurrent de téon circujt, 20 turns the protection sw tches SWL and SW2
of f and®FEss pEHacy ANdp desqrptionds opgiedt he overcurrent detection circuit
20 interrupts the mcrocontroller 30 due to overcurrent occurrence.

At step 51302, 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 S1307.

The process operates in the energy saving mode from steps S1304 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
occuss in the battery cell 1. The subroutine controls the charge and the discharge
according fo the state. This subroutine will be described later with reference to FIG.
17.

At step S1305, 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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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 the Safe node stored in the RAM 34 to identify the present

pr ot ectiésenbed ddter ¢ithrefespmedo dGGt 88st eps S 1401, S 1407, S 1415, and S
1419). 63 If the over-discharge state takes effect presently at step S

reads the oot BT A0S ToRtPrRoThaR FiRboRE vl DL HR Pl Mg i O P

voltage is lower than 2.2 V, the process [ﬁroceeds to step S 1403 or
ot her wiBe preress eghurgs faeiep S302ite glesrmamwheher pr Beaarqomigunisation| |
voltage to be very |ow and shuts down the microcontroller 30 itself. At

step Sp tdchm@d@ﬁﬁﬁ%mg@@@mt only the cell voltage fromthe AD
converter 38, but also the information indicating whether or not the

RIS T R e
proe eegf;srf(gr?nesti[ i?lpthg agt?\E)eSm%rde?t E:rs\{gpsg 1 3(;[7? ;:hn; lg]ﬁele'ys p;(?tgctisounb;;r%légsisnig
performed like 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 I/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



At step S 1405, the process transmts a control signal to the FET driver 42
to turn on the protection swwtch SW1. At this tine, the protection switch
SW2 is turned on. At step 51406, 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 38 is
|l ower than 2.6 V, the process proceeds to step S 1409 or otherwi se to step

S 1412habélaptedsifen dicldbice dfe ROABRSSIcAi@NEMR G2 IOALE e }%‘b@é@l to the
FET driver 42 to turn off the protection switch SW1. At this time, the

' ] j : S 1410,, t.h [
Phe. SaPtohsabld 5% SL3 ki ABtnly FYocthniEes dres, ETPLER S ik
The cell voltage may further decrease thereafter to shut down the

m cr oc 8ieprel308ito Jgtermung wizpthee of not 3 homwinicaidndntearug bepns1411, t he
process copies the configuration value stored in the RAM 34 and the |ike

e b EErTe g TS S W]l bOUEAL O ipgenih o0
ctep s 53507 otheained FroickRnPEEeohs Rt dhan Tntehval of U2 becdids. -~ °
On the other hand, the remaining 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
rewrttes 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 1413, the protection switch SW turns off. At step 51414, 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 S 1416, 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 S1417, the
process turns on the protection switch SW2. At step S 1418, the process

rewites the ety vipdeschirdcheatBMied 410t @esdifily eﬁ%td;{'@ﬁéﬁﬁﬁ e fiecergr mal

operation state and term nates the subroutine” If it is determned at step
S1415 that the over, % ge state does not take effect presently, the

pr oces?r%“é?tcgﬁﬁqﬁﬁgsﬁ gt& the overcurrent state take effect presently, and
then proceeds to step S 1419. At step S 1419, if the cell voltage read from
t he AD converAtexte881432, lloanproctssareadthe ¢l oltage (Weeb)sirandheddd to step S
1420 or otherwise to step S 1421. At step 51420, the process shuts down the

m cr OCQBHJQJ%IQJ& 3 ﬁﬁ(‘gﬁiﬁlﬂ vol efiée frﬂ\vs% tilllég %.’2 VNfe @E%g? ﬁr&c@@ﬂjsstot

i nformation from conv ndicatin er or not ‘the charger
i's conneched and whet her or_ not a charge voltage is applied. If the charge

st art s D1t opoteaddsedostardl? o step S 1422 or otherwise terminates the

subroutine. At step S1422, the process turns on the protection switch SW.
At step S1403, the process assumes the cell voltage to be very low and shuts

down the microcontroller 30 itself.

At step 51404, 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 S1405, 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 tiuned
on.

At step S1400, the process rewrites the Safe mode in the RAM 34 so as to
indicate the normal operation and terminates the subroutine.

At step S1407, if the normal operation state takes effect preseﬂﬂy 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

2.6V, the process proceeds to step S1409 or otherwise to step S1412.
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At step S1423, the process rewites the Safe node in the RAM 34 so as to
indicate the nornmal 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 capacity calculation process (corresponding to steps S 1305 and S
1308 in FI G AtGeip§ 140k the processtrarsihitsra c@frol 8fgnal tosthe FET d60dr 42 foe pr ocess
reads the tenperature of the battery cell 1 according to an output signal

fromt%.jﬁg}f%?ﬁ{ "8 - AL ep t age of
the battéry ce ﬁiécglgggr%/&cﬁgsﬁ. éﬁ[ %ﬁ& %ﬂ?’ t@?é’ﬁ@%@ﬁ%@ﬂﬂ%@%ﬁ%@t er 38.
At step S 1503, the process reads an accunul ated val ue of the charge and

di schaf¥e currents fromthe fuel gauge 39. At step S1504, the process

determ nes the presence or absence of a charger's charge operation

accor di ng t o /ktes P10, ThaapRlcedy 1RMTitBEHhAB 60 MtA thASRAMI34SIoRR 51505, the
process cal culates informati on needed to display the remaining battery

capaci ty.in the device based on the information acquired at steps S 1501
througﬁ%gcﬁtgdﬁ?O)&?r_@ﬁ&éarg?ﬁtﬁge'for exanpl e, the process cal cul ates the
accunul at ed renmai ni ng di scharge current anmount and the power consunption

based The cell voltage may further decrease thereafter to shut down the

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 S14135, 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 s0 as to
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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
the subroutine. The above-nentioned process in FIG 18 is perforned at a
specified tine period to highly accurately nonitor the renaining battery
capacity. [Crcuit configuration of serially connected battery cells] 67

Ther e liadichrahe desasl drfatidiesti@andi teAndhRrg e Sirbetive. cel | . Actually, there
may be used a plurality of serially connected battery cells dependi ng on

Lo det orm ne 1 Hoe doer el s SED LR ARE RupigBadeRrus Bof naweeslieic

battery cells. In consideration of this, the follow ng provides
suppl epeseatly, brprecess delermbmstthatitbe overcuirenicsimit itgher efféco prezonily, apdr at i ons.
FIG 19 shows an internal configuration exanple of a battery pack using a

pl ur al igheh ploceedd @lstep gpected battery cells. The nutually correspondi ng
conponents” in FIGS. “19 and 4 are designated by the same reference nuneral s

Vol t age needstrms!4 e ssilpaef matdmmdie &de powverierdBdplavnthan
connected battery cells. To do this, it is necessary to provide the AD
conver 262 Vipthtetprocess proceeds to step S1420 or otherwise to step S1421.
At step $1420, the process shuts down the microcontroller 30 itself.
At step 81421, the process reads the information from the AD converter 38
indzcating 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 §1422, 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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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 I b. The AD 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 mcrocontroller's CPU can individually acquire cell voltages

of the batterst tql §5501 tagrdcbss bt RpBRGRclc? (I Battck§ cellle battery
protection process at steps S 1304 and 68 S1307 just need to be perforned

for each of,.the ser.i.al C ect ed ttery cells. In consideration of the
saf ety,acﬁ%&,a%ogﬂ‘ééégn@&?%ﬁ}ﬂe a%mf%t@sg%cut of f when even a single
battery cell indicates the over-discharge state during the normal operation

state. |f tid ster $138, thagprootssatadethetvodiage of thedtdtery celbll laschelbgnes | ower
than 2.6 V at step S 1408 in FIG 17, for exanple, the process needs to

pr Ocee%ntdﬁgﬁdtt%%ﬁl%ﬂ?ﬂie%ﬂﬁﬂﬁz‘éggf?%sﬁate to the over-discharge state. At

step S 140 state nmust not tored to the normal operation state

until cell valtage |1 the battery cells becone hjgher than 2.65 V.
Li kewi se, a &t§éq%h§bg3e & BioceHdeads abagranayatedrvml v8ares adngl e

battery «cell indicates the overcharge state. If the cell voltage of at
| east dischafgelvartentsyfroml ths fudleaapesohi gher than 4.25 Vat step S 1412 in
FIG 17, for exanple, the process needs to proceed to step S1413 to change

the state to fe YAENHIGRLA Foterfilind! B pressit or absence of a charger's
charge operation according to an output signal from the AD converter 38.

At step S1503, the process calculates information needed to display the
remainjng 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 accunlated 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 monitor the remaining battery capacity.

[Circuit configuration of serially connected battery cells]



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 |ooping part of the program nodul es. This makes
it possible to suppress design costs and the circuit scale without the
need to provide additional circuits in accordance with the nunber of

battery cel | §hesehadscenaivgeribédihalisg offaadidle baierPreline Qithaly, Ranrgd mdyt may
be preferable to install the software conpliant wwth 69 serially cdnnected

per f or beRed rhpal! QFsfldBunPhied Hifen ctfs PEPERRG AT aBe BT0AR T o (e

speci fied nunmber of battery cells. For exanple, the software conpliant with
two seRidfapesdnisyicsd Batsueh gaseeitlis nacesstryvin deteriing the® versthabge @ppl i ed to
a single battery cell by assum ng voltages at the input term nal ADC nl

and ADGiBRd1seh. 10N R epf.ormed with no
e b £ U UAKECH10) BIOREREARR JURCHC ™)

change in the software. 70 _ A bat _ ~conpose
or ocos SOV eV s sFaREmehisky sgalRtoR Rpor e ey Eheaigalineandecondar y
battery, the battery pack conprising: discharge current cutoff nmeans for
sel ect ppeiajronsit ti ng of f a di scharge current in
FIG. 19 shows an internal configuration example of 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 §ymbols 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 la and 1b. Two input ternﬁnél
ADCinl and ADCin? are individually provided to detect voltages at each positive
electrode of the battery packs la and 1b. The AD converter in the microcontroller
has differential inputs configured to detect a difference between the input terminals
ADCinl 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 $1304 and
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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; programrable m crocontroller
nmeans for, based on at |east an output voltage value fromthe 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, controlling operations of the discharge current cutoff

.nmeans $1807Hest rekdrngbe perfoembd fuit @ich oftladSeriafiydopnesed badty @Hkecld on means
separate fromthe programmable m crocontroller nmeans for providing a

Seeonasy RAAEn S RARL HORES, A XpR Rl Gt berbt SRR on o

charge and di schare%e_ current size of the secondary battery. 2. The battery
pack asugHébagenycedindicntes the overrdisdiapge stateglurizigathe @eodetleaperatiomstates f or
detecting the presence or absence of a charge 71 operation by a charger

LOr L haf BRAAIARTNEBRY hPTekst MRS Haler B BRELRSTONIAMN D Volidedp®

determined to be I'n the overcurrent ~ state, the overcurrent

T R L O S AL TR N AR
the state to the over-discharge state. At step S1404, the state must not be restored to
the normal operation state until cell voltages of all the battery cells become higher than
265 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
becormes 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 confrol 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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be in the overcurrent state when detecting an interrupt fromthe
overcurrent detection neans, and restores a state of the secondary battery
to the nornmal operation state when an output voltage value fromthe

vol tage detection neans is greater than a specified threshold val ue 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 progranmmabl e m crocontroller
means uses nonvolatile storage neans to store log information indicating

transi tsenallptotietedeamrdacls haii @ebepiiifie OVBEL id @ihe S6fkGredhid B esent
configuration information needed for an operation of the progranmble

m croc The tter ck according to any one of the
prec ed;{lrr%%JEI 2(%) E&é‘%ﬁ%@r& %Ct]};ﬁ@rgg?sa 3?%@4%@?%}' W&%@Bﬂ‘f%‘i‘ﬁe P ‘i?etgﬁs stores
present configuration information needed for an operation of the

pr ogr arfpaeified mugrhes ehbrdenyeellseaher exampleyiieabitvere somphaget withnsoand t hen
stops an operation when the secondary battery is placed in an

over - dissGhRY g6mfdciiEbARgy 8 HQ!asts%gﬁv L, ' i L on means
becones g%%ller than a sp%cifie va J?ﬁaﬁgﬁgégggﬁgmg?%g%%gﬂgéﬁééﬁgId val ue
for identhfying .transitiopn.ta the over-discharge state. 72 5. The battery
pack agg@ﬂ)é%/ %@'9?’81%“ %&qé agmqlﬂﬁutﬁf:%@é g@é@éi%,%%%b@ e sagiger cur r ent
detection neans determ nes the secondary battery to be in the overcurrent

st at e Viherpratechan geocessicati be parfgenedwithnio diange ¢ff tHehwfisegendary battery
becones greater than a specified threshold value for a specified tine
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period. 6. The battery pack according to any one of the preceding clains,
wherein the 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
means for digitizing a tenperature of the secondary battery, wherein the
programabl e m crocontroll er nea ‘mnes a state of secondary battery
based on a value resulting fromc ‘ng an out put voltage fromthe

vol tage detection neans according to an output value fromthe tenperature
detection neans. 8. The battery pack according to any one of the preceding
clainms further conprising: boost neans for boasting at_ | east a voltage
bet weeh a p%gt?attﬁe%gg“é‘f eRmpasd e sgcqndaat pattery eeerallyewith a procewidhdar y
battery, wherein the power supply voltage is supplied to the progranmabl e
m cr ocantuibltd ererfoemn processes hieclndosy pretectson Agaihbie etrat teecyrrpaekimdieor di ng to
any one of the preceding clainms, wherein, when the secondary battery

conpri &esndarkbdfialy ine RiitePPpadd LompeiAgct ed secondary 73 battery cells,
the voltage detection neans detects a Voltage between a positive electrode

ol 1 5, "and bR el BF meru R ties 7 SHbinikeotf Al PR S eBLer o s a
state of each of the secondary battery cells out of overcharge, nornmal
oper atthgsecanddriobastery;
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 secondéry battery;
programmable microcontroller 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 cutoff means and the
charge current cutoff means; and
overcurrent detection means separate from the programmable microcontroller
means for providing a separate cont_rol to enable the discharge current cutoff means
when the seccondary 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
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di scharge states based on an out put voltage value fromthe voltage
detection neans. 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 programrable mcrocontroller neans provides contro
to enabl e the charge current cutoff means, and when at |east one of the
secondary battery cells is determned to be in the over- discharge state,
provi des control to enable the discharge current cutoff nmeans. 11. The
batter ck accordi ng.tq,any one qf .the preceding clainms, further
corrpri%l?ér% 1o Pgﬁ?rgggéqﬁh?g%’qogﬁa $"¥or outputting a signal

corresponding to an accunul ated val ue for charge and di scharge currents of
secondary b&hereny -whapHeustcondaryrbattennss tloterminesbio bhiimghe ovpienireat i on with
an external device powered by the secondary battery; remaining capacity

i nf or neitiep thee ol @uhbhtodeto@is nfelis Gabeupdtthd progaRinibIg micARdatbYer

i nformati on about a renmaining capacity of the secondary battery based on at
| east ﬁga&ugﬁ&lt vol tage value fromthe voltage detecti on neans and an
out put ' signal fromthe current accumul ati on neans and transmts renmining
capacity i nEor mation t t.he external device via the conmunication neans;
and pover <OpProsa ruerospntipilsTaneds deterapingshhegsecprdasy daligtetoor
absence of 74 power supply fromthe secondary battery to the external
devi cebehmsthd overcavient sthie when detectinpa@idtedsupti frymahe ovenrunientaddtection t h t he
external device using the comunication neans at a specified tine
I Nt ervigkans, and restores a state of the secondary battery to the normal operation state
when an 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 programmable microcontroller means uses
nonvolatile storage means to store log information indicating transition of the
secondary battery to the overcutrent state and present configuration information
“needed for an operation of the programmable microcontroller means.
4, The battery pack according to any one of the preceding claims, wherein the
programmable microcontroller means stores present configuration information
needed for an operation of the programmable microcontroller 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.
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wherein, when the power supply determ nation nmeans determ nes that the
secondary battery supplies power to the external device, the remaining
capacity information cal culation neans cal cul ates the remai ning capacity
information and transmts a calculated value to the external device at the
specified tine interval, and the programmuable m crocontroller neans
determ nes a state of the secondary battery at a time interval shorter
than the specified tine interval; and when the power supply determ nation

means deter Th@%%ﬁéﬂ}aﬁa&hﬁqc%ﬁﬁﬁQQ3ra¥lgi (?Sét bet &%@édiﬂ%tclaﬁﬁlgg Mepé]mﬁet o the

external device, the renmaining capa Information ca at1 on nmeans

cal cul r enai.ni ng_capagi i.nforymation and ,stores if in nonvolatile
storag@%@gh%,ﬁt a(ﬁe(ﬁe(it]r?él %ga & the cePrdaye patterh do g%t’é‘r Wees a
state of the secondary battery at the specified time interval. 12. The

bat t er gvgyaukrent statdiwben @ charge and dibeliepe dureent pdeé fofethd sedondaigrval is
sufficiently longer than an instruction clock frequency of the programabl e

mi cr ochAKE! b&lomBABFe ARG (HAE 2" IR | L Mlyden ' LGyl ation
means. 13.I?The battgry pacIL agc%ﬁ%&? gfegﬁgﬁm%]f{ef ﬁér}{ fqgéﬂeggﬁr%f it@%]g
erratic operation avoidance neans for detecting an erratic operation, if
any, ilﬂerb(ggrati ons of at least one of the programmable nicrocontroller

means and the remaining capacity information cal culation nmeans based on

the pr@sencEhebatbsenmk akontiag ab iaﬁg?orfehﬁftﬁ@ fprec?édiﬁ¢1 Bla#RSCivhbRan (hdTe
interval and allow ng the programmble m crocontrolTer nmeans 75 and the

remai ni (o i nf or i cal cul ation nea to perform an
o a”(h%gg | g;?]t dé&%(gicdglslg{egﬁg a8 rafhcs Whether of fiol the. Gvercurrent state takes
effect, using a voltage comparator which compares 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 claims further comprising;
temperature detection means for digitizing a temperature of the secondary battery,
wherein the programmable microcontroller 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 programmable
microcontroller 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
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14. The battery pack according to claim11l, wherein, when the power supply
determ nati on neans determ nes power supply to the external device fromthe
secondary battery, the specified tinme interval is set to be an
even-nunbered nultiple of a cycle for determning a state of the secondary
battery. 15. A battery protection processing apparatus to perform processes
I ncluding protection against error occurrence in the secondary battery,

t he apparatus conprising: discharge current cutoff neans for selectively

cut ti ngafibly Belf, ShBardIfigeUadt8tiion %eéxﬁ??&@&@@%roﬁag@tﬁe%¥érll ;ah?{)]%ﬁvg urrent

cutof f means for selectively cutting o a charge Turren Secondary
battery; volta detection neans.for.digitjzing and outputting a voltage
bet meeﬁle§¥r°98§?’ﬁi  BegitLeG &88@0 Pl’ldniwﬁg'@glyi %Pé eé‘lchcﬁr}rtbéegeéﬂn@%g@é@bhdar y
battery; programable m crocontroller neans for, based on an output voltage

val ue céligrandhthe\prbgmgenalsteantdrocontesites, meaiseindividndlyod Gt ahiaedh sthe
secondary battery out of overcharge, normal operation, and over-di scharge

states rdj ' C | 1 operations of the
i schay Geh e et AiahPbitrerd 1t QP REoRrEhdtge “RikLopBleBr FERIRS: and
overcurrel_rllt det ecti on. neans separﬁte fromthe programrabl e m crocontroller
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cutof f means 76 when the secondary battery is determned to be in an

over cut®.ent The datetyapack accoxding to claim 9, wherein, when at least one of the

secondary battery cells is determined to be in the overcharge state, the programmable
microcontroller means provides control to enable the charge current cutoff means,
and when at least one of the secondary battery cells is determined to be in the over-
discharge state, provides control to enable the discharge current cutoff means.
-11. The battery pack according to any one of the preceding claims, further
comprising:
current 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
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charge and di scharge current size of the secondary battery. 16. A contro
nmet hod of a battery protection processing apparatus to perform processes
i ncludi ng protection against error occurrence in the secondary battery
conprising the steps of: determning a state of the secondary battery out
of overcharge, normal operation, and over-di scharge states based on an

I nter-el ectrode voltage between a positive el ectrode and a negative

el ectrode of the secondary battery and, according to a determ ned state,

per f or gj ' ' 11CL OGAF er to
Cont rof "o 1 R MR s RO By M, BB e oSG Pl
cut off_a di sl(fggﬁ,%)ge current of th econdar]?/ battery %nd a charge current
cut of f CEFPRGHELYILY of Farmmupigalion yyith e exterpal dryicq wsiagthestommunicationdar y
battery; and providing control separate fromthe progranmmabl e

m cr ocBWenRbil sespeciiedriané stervial di scharge current cutoff circuit when the
secondary battery is determined to be in an overcurrent state based on a

charge and wheehfr §Ref Yhé Qthver! AHpPf deRBmBRERARYns PRl Rlides that t%é"e

control nethod of a battery protection processing apparatus according to
cal oun SeoBi Tkl WpbBil Bobaf, & MRS aletneRic i dbf ufifiibe PRl about a
remai nj ng capacity of the secondary battery based on at |east the
i nt er - BifQER3tioNe calpylatigr Beanke s@lcelatest thedremainingheapsey nidforyatient and) and an
accunul ated val ue for charge and di scharge currents of the secondary
bat t ertyansnaitida c#léulated value to the external device at the specified time interval, and
the programmable microcontroller 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 programmable microcontroller 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 longer than an instruction clock frequency of the programmable
microcontroller 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 of at least
one of the programmable microcontroller 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 programmable microcontroller means
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performng a remai ning capacity information transm ssion process of
transmtting the renmaining capacity information cal cul ated by the
remai ni ng capacity calculation process to an external device powered by
the secondary battery; determ ning the presence or absence of power supply
fromthe secondary battery to the external device based on availability or
unavailability of comunication with the external device at a specified
time interval; when it is determ ned that the secondary battery supplies

power h@dtm;ereﬁiatilﬁhg%hpa&srvihﬁ?rmaﬁ%hf&rd@ld%ntrhsaﬂs_etggd'e%% aﬁfﬁi’rﬁh ¥tion .

i nformation cal cul ation process and the renalni capacity infornmation
transnj osciegsn process using a calculated value thereof at the specified
time interval, determning a state of the secondary battery at a tine
interval shorter than the specified time interval, performng the

prot ectfon pFar bgteryhpasddaenerdingdpeelpiondtli ovhareisy vthenathe pivesr sitppis
determ ned that the secondary battery does not supply power to the

ext er nddtedsiviation me&ﬂsoﬂﬁieﬂﬁiﬂéﬁepéﬁéﬁisﬂFﬁlg BARRE| dxfernhf eiRb RBnLaheul ation
process at the specified tinme interval, storing the cal cul ated renaining
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15. A battery protection processing apparatus to perform processes including
- protection against error occurrence in the secondary battery, the apparatus
comprising:
discharge current cutoff means for selectively cutting off a discharge current in
the secondary battery;
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;
programmable microcontroller 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 separate from the programmable microcontroller

means for providing a separate control to enable the discharge current cutoff means
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when the secondary battery is determined to be in an overcurrent state based on a
charge and discharge current size of the secondary battery.
16. A control method of a battery protection processing apparatus to perform
processes including protection against error occurrence in the secondary battery
comprising 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 ¢lectrode and a negative electrode of the secondary battery and, according to
a determined state, performing a protection process using a programmable
microcontroller 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 separate from the programmable microcontroller to enable
the discharge current cutoff circuit 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
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performing a remaining capacity information transmission process of transmitting the
remaining capacity information calculated by the remaining capacity caiculation
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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