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TI FLE OF THE | NVENTI ON: BATTERY CHARG NG DEVI CE, veTHo B AP NG
BATTERY PACK, AND BATTERY PACK  BACKGROUND OF THE | NVENTION: “®atogsed”
pfesent invention relates to a battery pack used as a power source for
vi-geo caneras, portable tel ephones or personal conputers, a battery
chargi ng device for charging the battery pack and a nethod for charging

the battery pack. Hitherto, there are known battery packs
constituted by secondary batteries such as |ithiumion batteries, nickel-
cadm um batteries, nickel-hydrogen batteries or the |ike. These

known batt%ﬁﬁuﬁﬂ&ﬁ%a&pﬁﬂﬁﬁ&ﬂﬁ?&nh;°r exanple, a mcroconputer for
cal cul ating a residual capacrity

thereof and conducting communi cations with
el ectroni c appar aBATEFERYS i CHARGINGO DECIGE paMETHODa HORVeCHARGING , BARTERYer a
devi ces, a detection circuit for detecting conditions of a battery cel
which are BASGEA ANP BATEERY RAGcomputer to calcul'ate the residua
battery capacity, or the |ike. ~In conventional battery charging
devices for these battery packs, for exanple, constituted by lithiumion
BACKGROUND OF THE INVENTION:

The present invention relates to a battery pack used as
a power source for video cameras, portable telephones or
personal computers, a battery charging device for charging the
battery pack and a method for charging the battery pack.

Hitherto, there are known battery packs constituted by
secondary batteries such as lithium-ion batteries, nickel-
cadmium batteries, nickel-hydrogen batteries or the like.

These known battery packs incorporate, for example, a
microcomputer for calculating a residual capacity thereof and
conducting communications with electronic apparatuses using fhe
battery pack as a power source, peripheral devices, a detection
circuit for detecting conditions of a battery cell which are
required for the microcomputer to calculate the residual
battery capacity, or the like.

In conventional battery charging devices for these
battery packs, for example, -constituted by lithium-ion
batteries. there has been used a constant-voltage charging
system in which a predetermined constant voltage |is
continuously applied when the battery is charged. In addition,
the respective battery packs have often been different in
charging.voltage (which means a maximum charging voltage which

can be applied to the battery pack to be charged, and is



batteries, there has been used a constant-voltage charging systemin which
~a predeterm ned constant voltage is continuously applied when the battery

i sscharged. In addition, the respective battery packs have often been :
di fferent in charging voltage (which neans a maxi mum chargi ng vol t age whi ch
can be applied to the battery pack to be charged, and is

2 hereinafter referred to nerely as "maxi mnum chargi ng voltage") = per one
battery cell dependi ng upon kinds of electrpdes used in the respective
battery cells. For this reason, many of the conventional battery charging
devi ces have been used only for charging lipmted kinds of battery packs
conpat i bl ehefeipepter referrgdetermere b & MM Ghe rging dod tage" have
been inco niept p r ay, ¢i V) ible to
vari ous tyPes oRSEpEeBEFTaET1REGRALLE! UppHokehEy BELLIEELrEATENANY
chargi ng deni ties Pespadiv@cthaittebfveel bsich Forf Wwhdisi @eabpnyhimahyvef i thie
types of battery packs having different maxi mum chargi ng voltages can be

charged. conveniiRpalerbathrsy hatFiPEL HaVGiorE deviecbeedapapreoly for
charging limited kinds of battery packs compatible thereto.

However, from the standpoint of costs, it have been
inconvenient to prepare many battery charging devices
compatible to various types of battery packs. Accordingly,
many of recent battery charging devices are obliged to have
such a function by which various types of battery packs having
different maximum charging voltages can be charged.

However, such battery charging devices capable of
charging plural kinds of battery packs have been so designed,
from the viewpoint of .safety, as to operate in conditions for
charging the battery packs having the lowermost maximum
charging voltage among those of all the compatible battery
packs. Similarly, the battery charging devices have been so
designed as to provide such a charging current (which means a
maximum charging current which can flow through the battery
pack, and is hereinafter referred to merely as “*maximum
charging current") identical to the lowermost maximum charging
current among those of all the compatible battery packs.

Thus, in these conventional battery charging devices, it
is impossible to equally supply an optimum charging energy to
all the compatible battery packs intended, so that there arise
inconveniences that 100 % charging cannot be attained or it

takes a considerably long time to attain 100 % charging.



chaggi ng plural kinds of battery packs have been so designed, fromthe

vi ewpoi nt of.safety, as to operate in conditions for charging the battery
packs having the | owernost nmaxi num chargi ng voltage anong those of all the
conpati bl e battery packs. Simlarly, the battery chargi ng devices have been
'so desi.gned as to provide such a charging current (which neans a maxi num
‘charging current which can flow through the battery pack, and is

hereinafter referred to merely as "mexi mum charging current") identical
to the | owernost nmaxi num charging current anong those of all the

conpati bl e battery packs. Thus, in these conventional battery
char gi ng dﬂﬂﬂ&ﬁg;ﬁwﬁlﬂﬁﬁiﬂMﬁ&&i&ﬁble to equally supply an optinmum charging
e entencee « TAF EREBBRECARBAL S0 Eacaoh hERISHon P! S =0
consi deratﬂﬁoﬂe@-ﬁl@n&iiﬁﬁempﬁbbngmsgomd%oﬁhah@img. it is an object of the
3 SUWMARY OF THE | NVENTI ON: The present invention has been achieved
in view ofPiefent invention to provide a battery charging device capable
' of supplying an optimum charging energy to all of a plurality
of battery packs intended and a method for charging the battery
prack, and the battery pack which can be charged by such a
battery charging device and method.

The battery charging device and method according to the
present invention are such device and method for charging the
battery pack which can store at least an information indicative
of the maximum charging current and an information indicative
of the maximum charging voltage and communicate the
information. In accordance with the present invention, the
afore-mentioned problems can be overcome by receiving the
information indicative of the maximum charging current and the
information indicative of the maximum charging voltage from the
battery pack, detecting a curient voltage of the battery pack
upon charging, changing over a charging condition of the

'battery pack between a constant—current charge and a constant—
voltage charge depending upon the detected current voltage, and
controlling the charging of the battery pack so as not to
exceed the maximum charging cﬁrrent and the maximum charging
voltage.

In addition, the battery pack éccording to the present
invention comprises a battery cell, a memory means for storing

an information indicative of a maximum charging current and an



afore-nentioned problens. Accordingly, it is an object of the present
invention to provide a battery charging device capable of supplying an
opti mum charging energy to all of a plurality of battery packs intended
andta nethod for charging the battery pack, and the battery pack which can
be charged by such a battery chargi ng device and net hod. The
battery chargi ng device and nethod according to the present invention are
such device and nethod for charging thed battery pack which can store at

| east an information indicative of the nmaxi num chargi ng current and an

i nformation indicative of the maxinmum charging voltage and
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voltage of the battery pack upon charging, changing over a charging

condi ti on &nfohmabiben eindigadi veeoficthe maximmachargingnyo kirgeye thedeky
const ant - vglta e. chagﬁ ?gendlng ug dthe g tected current voltage, and
control Ii n§VEAE Eﬁﬁggl FE2P99 BERPLY™ s not to exceed the
maxi mum char gi Ng PREY qu.t apdabBera®xed U tihahe Pes¥Att Pention, it kB
addition, the battery pack according to the present invention conprises a
battery cellossdbrentioy euvadd yf suPPLYr ang optimum charging energy to all
of a plurality of battery packs having different maximum
charging currents and maximum charging voltages by storing the
information indicative of the maximum charging current and the
information indicative of the maximum charging voltage on the
battery pack, changing over a charging condition of the battery
pack between a constant-current charge and a constant-voltage
charege depending_upon a current voltage of the battery pack
when the battery pack is charged, and further controlling the

charging of the battery pack so as not to exceed the maximum

charging current and the maximum charging voltage.

BRIEF DESCRIPTION OF THE DRAWINGS:

Fig. 1 is a block diagram showing a circuit arrangement
of a battery charging device according to the present
invention; A

Fig. 2 1is a flow chart showing operations of =a
microcomputer incorporated in the battery charging device when
the device is used to charge a battery pack;

Fig. 3 is a view explaining changing-over operation

between constant-current charge and constant-voltage charge;



an information indicative of a maxi mum charging current and an :

4 I nformation indicative of a maxi mum chargi ng voltage of the battery
cell and a comunication neans for transmtting the information indicative
of the maxi mum charging current and the information.indicative of the

maxi mum char gi ng vol tage, thereby . overcom ng the afore-nentioned probl ens.
That is, in accordance with the present invention, it is possible to
equal |y supply an optinmum charging energy to all of a plurality of battery
packs having differéent maxi mum charging currents and maxi num char gi ng

-vol tages by stori the Jnfor Lon .i.ndicati f _the Xi.JAum char gi.ng
current and the ?ﬁ]g(jrﬁlhtj‘lsonaiﬁg%%gt fi\}g 6 %t ﬁé%ﬁ'gQFnﬂmsﬁé:ﬁg]i{ﬁg o algq"e on
t he
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between a constant-current charge and a constant-voltage charge depending
upon a currimvenvlemge of the battery pack

Fig. 6 is a flow chart showing a sequence of integrating
processing for computing charging andldischarging currents in
the battery pack according to the present invention;

Fig. b is é view explaining the case whgre the gain G of
the current detection circuitry is set so as to satisfy the
relation of q/G = 1 [mAh/LSB] in the battery pack according to
the present invention; ﬁnd

Fig. 7 is a view explaining the case where the gain G of
the current detection circuitry and the like are set so as to

satisfy the relation of.q/G = 8 (2') [mAh/LSB] in the battery

pack according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS:

The preferred embodiments of the present invention are
described beldw by referring to the accompanying drawings.

Referring to Fig. 1, there is schematically shown a
system including a battery chapging device 100 and a battery
paék 1. ' _ _

In Fig. 1, the battery charging device 100 includes a
communication circuit 102 for conducting data communication
with the afore—mentioned battery pack 1, a light—-emitting
element 103 such as a light-emitting diode, a variable voltage
source 104, a variable current source 105, a change-over switch

106 for switching between an output voltage from the afore-



when the battery pack is charged, and further controlling the chargi ng of
the battery pack so as not to exceed the maxinum charging current and the

maxi mum char gi ng vol t age. BRI EF DESCRI PTI ON OF THE DRAW NGS
1 is a block diagram showi ng a circuit arrangenent

devi ce according to the present I nvention; Fig. -2 is a flow chart

showi ng operations of a mcroconputer incorporated in the battery charging
devi ce when the device is used to chargqsa battery pack; Fig. 3

i's a view expl ai ning changi ng-over operation bet ween const ant-current
charge and constant-vol tage charge;
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charging aﬂgcgbégﬂﬁﬁggpglﬁﬂﬂrenfﬁe'Qucrocomputer 101 can control the

turning-ON and OFF of the afore-mentioned 1ight¥emitting diode
103,

Fi g.
of a battery charging

the switching of the afore—-mentioned change—over switch

106, and a value of the output voltage from the afore-mentioned

variable voltage source 104 and a value of the output current

from the afore-mentioned wvariable current source 105.

Further, the battery pack 1 includes a battery cell 20

constituted by, for example, & lithium-ion battery, a non-

volatile memory 17 for storing at least an information

indicative of the maximum charging current of the battery cell

20 and an information indicative of the maximum charging

voltage of the battery.cell 20, a communication circuit 36 for
performing data communications with the battery charging device
100, and a microcomputer 10. The microcomputer 10 reads out
the information indicative of the maximum charging current and

the information indicative of the maximum charging voltage

both stored in the non-volatile memory 17, and transmits the

information to the battery charging device 100 through the
afore-mentioned communication circuit 30. In addition, the

microcomputer 10 is able  not only to recognize various

conditions of the battery cell 20 such as voltage, current or

the 1like wupon charging in such a manner as described
hereinafter, but also to transmit the information obtained by

the recognition to the battery charging device 100.

A positive terminal TM, of the battery pack 1 is coupled



the.battery pack according to the present invention; Fig. 6is a

vi ew expl aining the case where the gain G of +the current detection
circuitry is set so as to satisfy the: relation of g/G=1 [mAh/LSB] in the
‘bat €ery pack according to the present invention; and Fig. 7is a
vi ew expl aining the case where the gain Gof the current detection
circuitry and the like are set so as to satisfy the relation of q/G= 8
(2[err]) [mMAh/LSB] in the battery pack accgrding to the present invention.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS: The preferred enbodi nents
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voltage fromthe afore-

terminals. Further, a control terminal TM; of the battery pack
1 is coupled with -a control terminal TM,, of the battery
charging device 100, such that the information indicative of
the maximum charging current and the information indicative of
the maximum charging voltage, the information for the current
or voltage of the battery cell 20 upon charging, or other
information <can be communicated, i.e., received and
transmitted, between the battery pack 1 and the battery
charging device 100. |

In this éase, ;s the battery pack 1, there can be used
a plurality of battery packs which are different in charging
voltage (a maximum applicable charging voltage) per one battery
pack and in charging current (a maximum flowable charging
current) per one battery pack, from each other deﬁending upon
kinds of electrodes used in the ;espective battery cells 20.
In the following descriptions, a battery pack having a maximum
charging voltage per one battery pack of 4.2 V and a maximum
charging current per one battery pack of 4 A and another
baftery pack having a maximum charging voltage per one battery
pack of 4.1 V and a maximum charging current per one battery

pack of 2 A are used as examples of the battery packs.

Thus, since there exist plural kinds of battery packs 1,



6 pentioned variable voltage source 104 and an output current fromthe
af ore-net ni oned vari able current source 105, and a mcroconputer 101.

. The m croconputer 101 can control the turning-ON and OFF of the

af ore-nmentioned light-emtting diode 103, the switching of the

af are- menti oned change-over switch 106, and a value of the output voltage
fromthe afore-nentioned variable voltage source 104 and a val ue of the
output current fromthe afore-nmentioned vagi abl e current source 105.
Further, the battery pack 1 includes a battery cell 20 constituted by, for
exanple, a lithiumion battery, a non- volatile nmenory 17 for storing at

| east an i€ oisratdquiredndhast aveledst hgherdnfornmathangindgicatieatobfttide
battery cell 20 and an information indicative of the_maxi num chargi ng
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volat1le memory 17 of each battery pack 1. In this case, the

information indicative of the maximum charging voltage is
constituted by 8 bits where a current per one bit corresponds
to 0.1 A, and the information indicative of the maximum
charging voltage is constituted by'16 bits where a voltage per
one bit corresponds to 0.01 V. Incidentally, the reason why
0.01 V is assigned for one bit is that the difference in
maximum charging voltage per one battery cell between the
respeétive battety packs are as small as between 4.2 V and 4.1
V, and especially in the case of the lithium-ion battery, it
is important not to exceed the maximuﬁ charging voltage upon
charging from the standpoint of safety

In the following, there is described the charglng
operation in which the battery pack 1 is charged by the battery
charging deviée 100, by referring to the flow chart as shown
in PFig. 2. .

First, at the step ST1, the microcomputer 101 of the
bgttery charging device 100 requests the microcomputer 10 of
the battery pack 1 to transmit thereto the information
indicative of the maximum chdrging voltage and the information
indicative of the maximum charging current both stored in the
non—voiatile memory 17. When the information transmitted from
.the battery pack 1 based on the reqﬁest is received, the

microcomputer 101 of the battery charging device 100 can



the information indicative of the maxi mum charging current and the

I nformation indicative of the nmaxi mum charging voltage both stored in the
non-vol atile nenory 17, and transmits the infornation to the battery
chat gi ng device 100 through the afore-nentioned conmunication circuit 30.
In addition, the mcroconputer 10 is able not only to recogni ze vari ous
conditions of the battery cell 20 such as voltage, current or the |ike
.upon charging in such a manner as describeq;hereinafter, but also to
‘transmit the information obtained by the recognition to the battery
char gi ng devi ce 100. A positive termnal TMerr] of the battery

pack 1 is g@UPERYze the maximum charging current permitted €o Widwa
positive termnal TMerr] of the battery charging device 100. Wereas, a

negative tthrongh Thleofbatteemiat ety @Qckudon schgvgphedandt fthe megnimue
I e
negalive bOrWpRA Snaidiniel . fh CAMMLQlod S| tAMCCRErERRgDBpEFRY BACK 1
is coupled with a control termnal TMerr] of the battery
starts, the microcomputer 10 of the battery pack 1 recognizes
values of currently-charged voltage (current charging voltage:
CCV) and currently-flowing current of thé battery cell 20 as
deécribed hereinafter, and transmits to the microcomputer 101
of the battery charging device 100 the information indicative
of the currently-charged voltage and currently-flowing current
of the battery cell 20, thereby causing the microcomputer 101
of the battery charging 100 to recognize these voltage and
current values. _

. Next, at the step ST2, the microcomputer 101 of the
battery charging device 100 determines a saturated charging
voltage of the battery cell 20 based on the information

indicative of the maximum charging voltage of the battery pack
1, and calculates a voltage value which corresponds to 90 ¥ of
the saturated charging voltage. Further, the microcomputer fbl
compares the current charging voltage of the battery cell 20
transmitted from the battery pack 1 with the calculated voltage
value corresponding 90 % of the saturated charging voltage
thereof. When.it is :ecognized that_the current charging
voltage is smaller than 90% of the saturated charging voltage,
the charging 'program. proceeds to the step ST3 where the
charging cf the battery pack 1 is performed in the condition

of constant-current charge. On the other hand, when it is



chai*gi ng devi ce 100, such that the information indicative of
charging current and the information indicative of the maxi mum charging
voltage, the information for the current or voltage of the battery cell 20
upon charging, or other information can be conmunicated, i.e.,
received and. transmtted, between the battery pack 1 and the battery
char gi ng devi ce 100. In this case, as the battery pack 1, there can
be used a plurality of -battery packs mhichvgre different in charging :
vol tage (a maxi num appli cabl e chargi ng voltage) per one battery pack and
in charging current (a maxi mum fl owabl e charging current) per one battery
pack, fronreacgndid@rtiepetié ngutipent tharcging W rtigOdts gisetkdn tHun
respective battery cells 20. In the follow ng descriptions, a battery pack
havi ng a nBQ¥nmah theasgitngated: e ngdngo e Iddaeor \tighckhanre ing REQERRM
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of the battery packs. Thus, since there'exist plural kinds of
battery pagRgcirically, when the constant-current charge is performed at

t he nmaxi num

the step ST3, the microcomputer 101 of the battery charging
device 100 changes over the change-over switch 106 to establish
the connection between the battery pack 1 and the variable
current source 105, and sets a current output from the variable

current source 105 to a wvalue corresponding to the afore-

mentioned maximum charging current, thereby permitting the

battery pack 1 to be charged at the set value of the current
supplied from the variable current source. However, at this

time, it should be noted that the charging voltage of the

battery pack 1 does not exceed the maximum charging voltage.
On the other hand, when the constant-voltage charge is
performed at the step ST7, the microcomputer 101 of the battery
charging device 100 changes over the change—over switch 106 to
establish the connection between the battery pack 1 and the
variable voltage source 104, and sets a voltage output from the
variable voltage source 104 to a value corresponding to the
~afore-mentioned maximum charging voltage, thereby permitting
the battery pack 1 to be charged at the set value of the
voltage applied by -the variable voltage source. However, at
this time, it should also be noted that the charging current

flowed through the battery pack 1 does not exceed the maximum
charging current.



8 it is required that at least the information indicative of the maxinmum
charging current and the information indicative of the maximum charging
voltage are stored in the afore-nentioned non- volatile nmenory 17 of each
battery pack 1. In this case, the information indicative of the maxi num
charging voltage is constituted by 8 bits where a current per one bit
corresponds to 0.1 Alerr] and the information indicative of the nmaxi num
charging voltage is constituted by 161Qits where a voltage per one bit
corresponds to 0.01 V. Incidentally, the reason why 0.01 V is assigned for

one bit is that the difference in naxi mum chargi ng voltage r one batter
cel | between the hFé‘sﬁéﬁiW%%ﬁ’lterﬁl“’bﬁ%‘k% ﬁgérgg gﬁalpfrggrﬁ‘ggvxéén tf{‘.ez \ -
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i mportant not” to exceed the maxi mum chargi ng voltage upon charging from
the standpountent sfif eéytery pack Lnwibk tbél ourngntijref bowinglesarrdretd t he
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recognized that the currently-flowing current is smaller than
the maximum charging current, the .program proceeds to the siep
ST5 where the current supplied to the battery pack 1 is
increased. On the other.hand, when it is recognized that the
currently-flowing current is greater than the maximum charging
current, the program proceeds to the step ST6 where the current
supplied to the ©battery pack 1 1is decreased. More
specifically, when the current supplied to the battery pack 1
is increased at the step STS5, the microcomputer 101 of the
battery charging device 100 coqtrols the variable current
source 105 to increase a value of the current output therefrom.
On the other hand, when the current supplied to the battery
pack 1 is increased at the step ST6, the microcomputer 101 of
the battery charging device 100 controls the variable current
source 105 to decrease the value of the cﬁrrent output .
therefrom.

' After the control of the step STs or the step ST6 is
completed, the program for the microcomputer 101 of the battery
charging device 100 returns to the decision block of the step
ST2. _

On the other hand, if it is determined in the step ST2
that the current charging voltage of the battery pack 1 exceeds

90 % of the saturated charging voltage so that the constant-



in &g 2. First, at the step ST1, the m croconputer 101 of the
battery chargi ng device 100 requests the m croconputer 10 of the battery
pack 1 to transmt thereto the information i ndi cative of the maxi num
chargi'ng voltage and the information i ndi cative of the maxi num charging
current both stored in the non-vol atile nmenory 17. Wen the information
transmtted from the battery pack 1 based on the request is received,

t he m croconputer 101 of -the battery ghargi ng device 100 can

9 recognize the maximumcharging current permtted to flow through the
battery cell 20 upon charging and the maxi num chargi ng voltage permtted
to be appl ved ta@et heelizatgeer yiscel o 29e upperfoemed ngat | steddi 8T3n, when the
charging operation start t he. .m croconputer 10 of the battery pack 1
eoognt 2ea B GEPEOBPRESE T byt ieth Wb | SHAJE 1k e o 0 P ABPeEPF age:
CCV) and cuieentd id | it ¥ d Riimetlt iidHe & HabSmin’ FtlargdngS voltage of

the battery pack 1 with the value of the current charging
voltage of the battery cell 20 transmitted from the battery
pack 1, as shown by the step ST8. If it is determined af the
step ST8 that the value of the current charging voltage is
smaller thah the maximum charging voltage, the voltage applied
to the battery pack 1 is intended to be increased by the
microcomputer 101 of the battery charging device 100, as shown
in the step ST9. On the other hand, If it is determined at the
step ST8 that the value of the current charging'voltage is
greater than the maximum charging voltage, the voltage applied
to the battery pack.i is intended to be decreased by the
microcomputer 101 of the battery charging device 100, as shown
in the step ST10. More specifically, when the voltaée applied
to the battery pack 1 is intended to be increased as in the
step ST9, the microcomputer 101 of the battery charging device
100 controls the variable voltage source'104 so as to increése
a value of the voitage_output.thergfrom, On the other hand,
when the voltage applied to the batter& pack 1 is intended to
be decreased as in the step ST10, the microcomputer 101 of the
battery charging device 100 controls the variable voltage
source 104 so as to decrease a value of the voltage output
therefrom.

After the control of the step ST9 or the step ST10 is

completed, the program for the microcomputer 101 of the battery



descri bed hereinafter, and transmts to the mcroconputer 101 of the
battery charging deV|ce 100 the information indicative of the
currently-charged voltage and currently-flowing current of the battery
cel{ 20, thereby causing the m croconputer 101 of the battery charging 100
to recogni ze these voltage and current val ues. : Next, at the step
ST2, the mcroconputer 101 of the battery charging device 100 determ nes a
saturated charging voltage of the battg y cell 20 based on the information
i ndi cative of the maxi num charging volt e of the battery pack 1, and

cal cul ates a voltage val ue which corresponds to 90 % of the saturated
char gi ng \didrging Fdevhee, 10ife ratorooonpat éhel Gxexortpiamesbldwek cof r dibie

chargi ng vol tage of the battery cell .20 trans tte romthe battery pabk 1
with the c‘%ﬂ‘}ﬁﬁgaél sy aldassysh ﬁeué‘scdr“fdé§ﬁ5ﬁ ge%‘BFpt &7 sat ur at ed
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vol tage is snaller t han 90@6of the saturated chargi ng vol t age,
char gi ng pleee mmingrd ceedshe os tée ST2ptisi| t\llnere\.lti'mtlwhzgtrmglg)fvdmgmttery
pack 1 is perforped in the condltlon of caonstant-current char On, t he
ot her han ,smﬁgﬁ?f?righan 90 of the saturated c arglng vol age and
therefore the battery pack 1 is charged in the condition of
constant—-current charge as in the step ST3 and subsequent
steps, the microcomputer 101 of the battery charging device 100
controls the light-emitting diode 103 shown in Fig. 1 so as to
keep the diode turned ON. On the other hand, when it is
determined at the step ST2 that the current charging voltage
-is greater than 90 % of the saturated charging voltage and
therefore the battery pack 1 is charged in the condition of
- constant-voltage charge as in the steps ST7 and subsequent
steps, the microcomputer 101 of the battery charging device 100
controls the light-emitting diode 103 shown in Fig. 1 so as to
keep the diode turned OFF. As a_matter of course, the ON and
OFF conditions of the light-emitting diode 103 may be set
reversely. By the provision of the light-emitting diode, it'.
is possible for user to recognize the condition that the
battery pack 1 is charged up to 90 ¥ or more of the saturated
charging voltage. '
The microcomputer 101 of the battery charging device 100
performs the charging operation only during such a period in
which the battery pack 1 is.mounted thereto, and terminates the

charging operation when the battery pack 1 is dismounted

therefrom. The detection of mounting or dismounting of the



10 ; recogni zed that the current charging voltage is greater than 90% of

the saturated chargi ng voltage, the charging program proceeds to the step
ST7 where the battery pack 1 is charged in the condition of
const ant -vol tage charge. More specifically, when the

constant-current charge is perforned at the step ST3, the m croconputer

101 of the battery charging device 100 changes over the change-over switch .
106 to establish the connection betweepythe battery pack 1 and the

vari able current source 105, and sets a current output fromthe variable
current source 105 to a value corresponding to the afore- nentioned

maxi mum ched gtewy Cpadcient , chhebebyepdigett, | Fgrt lexanmpldlet,eby pacdvilding ke
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correspondi e afore--mentioned maxi mum chargi ng vo
permttingbattery pack 1 and the microcomputer 10.

As described above, in the battery charging device 100
according to the present invention, the information indicative
of the afore-mentioned maximum charging current and the
information indicative of the maximum charging voltage stored
in the non-volatile memory 17 of the battery pack 1 is read out
and the currently-charged voltage and the currently-flowing
current of the battery pack 1 are also monitored continuously.
Further, as shown in Fig. 3, the battery pack 1 is charged in
the condition of constant—current charge in an initial stage
‘'of the charging operation. After the current charging voltage
of the battery pack 1 reacheé a predetermined voltage
(corresponding to 90 % of the saturated charging voltagezhs
indicated by the point P in Fig. 3), the condition is changed
from the constant-current charge to the constant-voltage charge
using the maximum charging voltage. By such an arrangement of
the battery charging device 100 according to the present
invention, it becomes possible to supply an optimum charging
energy to all of thg battery packs to enable them to be charged
up to 100 %, and to reduce the time required for achieving the

100 % charging condition of the battery packs. . In general, for



the: battery pack 1 to be charged at the set value of the voltage applied by
the variable voltage source. However, at this tinme, it should al so be noted
that the charging current flowed through the battery pack 1 does not
exceed the maxi mum chargi ng current. When t he const ant
current charge is perforned at the step ST3, the microconputer 101
conpares the maxi mnum charging current of battery pack 1 wth the
currently-flowing current of the battery cel'l 20, as shown in step ST4.
When it is recognized that the currently-flowing current is snaller than

t he maxi num chargi ng current, the program proceeds to the step ST5 where

t he currentxampdle . edint titeheasxt tvdrerepdoio kingis iofc baddedy @ackiseonehef

hand, when it is_recognized that the currently-flow ng_current greater
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which hés a maximum charging voltage per one battery cell of
4.1 V and a maximum charging current of 4 A are charged as
deséribed above, the one battery pack having a maximum cﬁarging
current of 4A requires a charging current two times that for
the other_battery pack having a maximum charging current of 2
A. Accordingly, the former battery pack having a maximum
charging curfent of 4A requires a charging time two times that
for the latter battery pack having a maximum charging current
of 2 A. However, in accordance with the battery charging
device 100 according to the present invention, the battery pack
having the maximum charging current of 4 A can be supplied with
a larger amount of current in the initial stage of the charging
operation, so that it is possible to reduce the charging time
required therefor. Also, even though the battery packs have
different maximum charging voltages from each other (i.e., one
is 4.1 V and the other is 4.2 V), since the charging condition
of each battery pack is changed over to the constant-voltage
charge when the current charging voltage thereof feaches 90 %
or more of the saturated charging voltage, the battery pack can
be charged up to 100 % depending upon the maximum charging
voltage thereof.-
In the afore-mentioned embodiment, the non-volatile
memory 17 of the battery pack 1 can store only the information

indicative of the maximum charging voltage and the information



~isgincreased at the step ST5, the m croconputer 101 of the battery
charglng devi ce 100 controls the variable current source 105 to increase a

val ue of the current output therefrom On the other hand, when the current

supplied to the battery pack 1 is increased at the step ST6, the

m croconputer 101 of the battery charging device 100 controls the variable
-current source 105 to decrease the value of the current output therefrom

After the control of the step ST5 or the step ST6 is conpl eted, the
program for the mcroconputer 101 of the batbery chargi ng device 100
returns to the decision block of the step ST2.

On the ot her hand,
if it is determned in the steP ST

2. that the curren%ﬂ Qﬁg voI age of
the batt er yliaetiveebdde maningy, fchfﬁél’é%lt‘iﬂré'fega chdt 94 “0% tagéc €0 that
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Is to be perfornmed at step ST7, the mcroconputer 101 of the battery
char gi ng desters 106 othermriasornpelam indieet ve off sPRDSRNINELARRA]

m
charging voltage Olyartery cell 20, for example. the number of series

connections or, if required, the number of parallel connections

or the like. For instance, if the information indicative of

the number of series connections {s stored in the non-volatile
memory 17, the battery charging device 100 according to the
present invention cen also be used to charge various kinds of
battery packs 1 having battery cells which are different in
‘number of seriés connection from each other in an optimum
manner.

Next, a specific arrangement of the battery pack 1
according to the present invention is described by referring
to Fig.'4.

In the battery pack shown in Fig. 4, the positive
electrode of the battery cell 20 is coupled to;the positive
terminal TM, of the baftery pack 1 and the negative electrode
of the battery cell 20 is coupled to the negative terminal TM.
of the battery-pack 1 through a current/voltage detection
resistance R7.

The microcomputer 10 incorporated in the battery pack 1
is coupled with a power source 16 for microcomputer including
eseries regulators, reset circuits or the like, and operated by
the power supplied from the power source 18. The_eharsing
current detection input terminal DIl of the microcomputer 10

is coupled to an output terminal of an operational amplifigr



thesbattery pack 1 with the value of the current charging voltage of the
battery cell 20 transnitted fromthe battery pack 1, as shown by the step
ST8. If it is determned at the step ST8 that the value of the current
charging voltage is snmaller than the nmaxi mum chargi ng voltage, the voltage
‘applied to the battery pack 1 is intended to be increased by the

m croconputer 101 of the battery chargi ng device 100, as shown in the step
ST9. On the other hand, If it is determgined at the step ST8 that the

val ue of the current charging voltage i greater than the maxi mum chargi ng
voltage, the voltage applied to the battery pack 1 is intended to be

decreased Py, thajchH SOCAPUESE HeteRitinBe tiR tERNrE Jcugrdfylce M, as
shown in the step ST10. More specifically, when the voltage applied to the
battery padks¢hasgencendentt debectieneinput atermindk DE2 eps SAGUPlék to

m croconputer 101 of the battery charging device, 100.cqontrols the variabl e
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program f of reh@ olipdedC ¥ WiputOkednin3q sb3kt @pkrational amplifiers 13
and 14. The output terminal of the NAND gate 15 is also
coupled to the power source 16 for microcomputer through a
pull-up resistance RS. Besides, the temperature detection
input terminal of the microcomputer 10 is coupled to an output
terminal of a temperature sensor 19 for detecting an ambient
temperature of the baftery cell 20. The voltage detection
input terminal of the microcomputer 10 is coupled to an output
terminal of a voltage detection circuit 18 for detecting a
terminal voltage of the battery céil 20. The data input
terminal of the microcomputer 10 is couple_d to an output
terminal of the afore-mentioned hon—volatile memory 17. The
ground terminal GND of the microcomputer 10 is coupled to'a .
negative electrode of the battery cell 20. The communication
input and output terminal (SIN and SOUT terminals) of the
microcomputer 10 are coupled to buffer amplifiers 11 and 12,
respectively, which constitute a part of the afore-mentioned
communication circuit 30. Incidentally, the afore-mentioned
charging current input terminal DI1l, discharge current input
terminal DIZ, temper#ture detection input terminal, voltage

detection input terminal and the 1like are analog input



13 ;charging device 100 returns to the execution block of the
const ant -vol tage charge as indicated by the step ST7. In the
meantime, during the time in which it is determned at the step ST2 that
thescurrent charging voltage is smaller than 90 % of the saturated
charging voltage and therefore the battery pack 1 is charged in the
condition of constant-current charge as in the step ST3 and subsequent
steps, the mcroconputer 101 of the battggy charging device 100 controls
the light-emtting diode 103 shown in Fig. 1 so as to keep the diode

turned ON. On the other hand, when it is determned at the step ST2 that
the current

9N YO gg%. neater o bhap; % :
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steps, the m croconputer 101 of the batter¥ chargi ng device 100 controls
the |ight -SRMaGYF drsdeonvartingutheserpgaleesinputs dnteegighbalidrtd + ur ned

OFF. As a matter p9f COUASEnvEPE SN §00ut terminal of the operational
amplifier 13 is coupled to the negative electrode of the

battery cell 20 through a resistance R3. The inversion input

terminal of the operational amplifier 13 is coupled to a

negative—-feedback resistance R2 for setting an amplification

factor and a resistance Rl1. Accordingly, the voltage from the

output terminal of the operational amplifier 13 is equal to a
voltage value amplified by multiplying a value of the current
flowing through the battery pack 1 (current flowing upon
charging) by a ratio of a resistance value of the resistance
R2 to that of the resistance R1 (R2/R1). On the other hand,
the non—-inversion input terminal of the operational amplifier
14 is coupled to the negative electrode of the battery cell 20
through a resistance R6 and a resistance R7 which serves for
detecting current and voltage. The inversion input terminal
of the operational amplifier 14 is coupled t6 a negative-—
feedback resistance R5 and a resistance R4. Accordingly, the
voltage from the output terminal of the opefational amplifier
14 is equal to a voltage value amplified by multiplying a value
of the current flowing through the battery pack 1 (current
flowing upon discharge) by a ratio of a resistance value of the

resistance RS to that of the resistance R4 (R5/R4).

Further, a transistor switch Trl is constituted by,

example,

for
a field effect transistor whose gate is coupled to a



OFFk conditions of the light-emitting diode 103 may be set reversely. By
the provision of the light-emtting diode, it 1is possible for user to
recogni ze the condition that the battery pack 1 is charged up to 90 % or
nore of the saturated charging voltage. The m croconputer 101 of
‘the battery chargi ng device 100 perforns the charging operation only
during such a period in which the battery pack 1 is nounted thereto, and

term nates the char gi ng operation when %§e battery pack 1 is di snount ed
therefrom The detection of nmounting or disnounting of the

14 battery pack 1 can be realized, for exanple, by providing a sensor
for detectﬁwgtphénﬁnﬁﬂﬂthglathEH%r&ﬁﬁm4n&} k IRf QRﬁIN%QWQ@W@Pgﬁﬁg dBvi ce
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battery pack 1 and the m croconputer

signal from the switching control output terminal SW1 of the
microcomputer 10 is, for example, HIGH (H), the field effect
transistor Trl is turned ON so that the value of the resistance

Rl becomes approximately zero (namely, only an internal

resistance of the field effeét transistor Trl), and the

amplification factor (amplifier gain) of the operational

amplifier 13, whose amplification factor is determined
according to the ratio of the value of the resistance R2 to
that of the resistance R1 (R2/R1) becomes large. On the other
hand, when the level of signal from the switching control
output terminal SW1 of-the microcomputer 10 is,
Low (L),

for example,
the transistor switch Trl is turned OFF so that the

amplification factor (amplifier gain) of the operational

amplifier 13 is smaller +than thé amplification factor

determined according to the ratio of the value of the

resistance R2 to that of the resistance R1 (R2/R1l), i.e., the
amplification factor obtained in the case where the transistor
switch Trl is turned ON. Similarly; a transistor switch Tr2
is constituted By. for example, a field effect transistor whose
gain is coupled to the switching.control output terminal SW2
of the microcomputer 10 and between whose drain and sourcé the
afore-mentiongd resistance R4 is connected. . Accordingly, when
the level of signal from the switching control output terminal

SW2 of the microcomputer 10 is, for example, HIGH (H), the



As descri bed above, in the battery chargi ng device 100 according to the
present invention, the information indicative of the afore-nentioned

maxi mum chargi ng current- and the information indicative of the nmaxi num
charging voltage stored . in the non-volatile nmenory 17 of the battery pack
1 is read out and the currently-charged voltage and the currently-fl ow ng
current of the battery.pack 1 are also nonitored.continuously. Further, as
shown in Fig. 3, the battery pack 1 is rged in the condition of
constant-current charge in an initial stage of the charging operation.
After the current charging voltage of the battery pack 1 reaches a
predet er myyath9/4d { dPeswi €& r'esponsli 8grhed 9ONYs06f thae sakunatiad oargieng
voltage as indicated by the point Pin Fig. 3), the condition is changed
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for of signal from the switching control output terminal SW2 of

the microcomputer 10 is, for example, LOW (L), the transistor
switch Tr2 is turned OFF so that the amplification factor
(amplifier gain) of the operational amplifier 14 becomes small.

In this case, in a normal operational mode (upon
running), the microcomputer 10 continuously monitors the signal
levels of the afore-mentioned cha;ging current detection input
terminal DIl and discharge current detection-input terminal
DI2. If these levels reaches or exceeds predetermined values,
the levels of signels from the afore-mentioned switching
~control output terminals SW1l and SW2 are both set to LOW (L)
level, so that the transistor switches Trl and Tr2 are both.
turned OFF, and the amplifier gains of +the operational
amplifiers 13 and 14 becomes small. Accordingly, the
microcomputer 10 can measure a value of the current flowing
within the battery pack 1 (current flowing upon charging or
discharging) by wusing the values of outputs from the
operational amplifiers 13 and 14 having the low amplifier gain.
For this reason, the microcomputer 10 can recognize the value
of the current flowing upon charging or discharging so that

integrated value of charging and discharging currents and the

like can be calculated.



15 trexanple, in the case where twoe kinds of battery packs one of which
Ras a nmaxi mum chargi ng vol tage per one battery cell of
charging current of 2 A and the other of which has a maxi mum char gi ng

vol tage per one battery cell of 4.1 V and a maxi num charging current of 4
A are charged as described above, the one battery pack having a maxi num
charging current of 4A requires a charging current two times that for the
ot her battery pack having a maxi num charging current of 2 A Accordingly,
the former battery pack having a maxi num charging current of 4A requires a
charging tine two tines that for the l2kter battery pack having a nmaxi num
charging current of 2 A However, in accordance with the battery
charging device 100 according to the gresent i nvention, the battery pack
havi ng the naxi n®Mn BMardfitef ddmdendnothg POEAML hePeLpbl PRy virede alyrenyer
anount of rIs [ LUt 4 . e L bg | O 0 t hat
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gains are both rendered small,

4.2 V and a maxi num

also becomes small. That is,
the levels of the afore-mentioned charging current detection
input terminal DI1 and discharge current detection

terminal DI2 also becomes small.

input

At this time, in the

microcomputer 10, the levels of the afore-mentioned terminals

DIl and ﬁIZ are decreased to lower than the predetermined

level. If such a condition is continued for a predetermined

period of time, the microcomputer 10 determineé that the
circuitry is in a no-load condition, so that the operational

mode thereof is transferred into a power—-saving mode (éleep

mode). Upon the power-saving mode, the circuitry is operated

with a lower power consumption than in the aforefmentioned

normal operational mode, so that energy-saving operation

thereof becomes possible.

When  the microcomputer 10 is operated in the power-
saving mode (sleep mode), the levels of signals from the afore-

metnioned switching control output terminals SW1i and 8SW2 are

both HIGH levels. This causes the transistor switches Trl and

Tr2 to be turned ON, so that the amplifier gains of the

operational amplifiers 13 and 14 become large. Accordingly,

when the circuitry is operated in the power-saving mode (sleep

mode), the microcomputer 10 can measure the extremely small



or, nore of the saturated charglng vol tage, the battery pack can be charged
up to 100 % dependi ng upon the naxi num charging voltage thereof.
In the af ore-nentioned enbodi nent, the non-volatile nenory 17 of the

battery pack 1 can store only the information i ndi cative of the maxi num
chargi ng voltage and the information

16 I ndi cative of the naxinun1chargin E)current In addition to the

af ore- nentl n . n 0 [ 7 ne, t
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the non-volatile nmenory 17, the battery charging device 100 according to
the pres@Renattonabn anml bf sorse Idsecando Ihavwhesearampkifings agins are

rendered small.

In this case, under such a power-saving operational
mode, when the charging or discharging currents reach or exceed
the afore-mentioned predetermined value, the output values of
the operational amplifiers 13 and 14 both beéome large. That
is, the levels of the two input terminals of the afore-—
mentioned NAND gate 15 are both HIGH levéls. Accordingly, the
output of the NAND gate 15 becomes a LOW level. Thus, when the
output level of the NAND gate 15 coupled to the interrupt input
terminal becomes a LOW level, thé microcomputer 10lcance1s the
afore—-mentioned power-saving operational mode so that the
operational mode of the circuitry is transferred from the
power—saving operational mode to the normal operational mode.

As described above, in the circuitry arrangement
illustrated in Fig. 4, since the circuitry is operated with a
lower power.consumption in the power—-saving mode of operation
ihan that in the normal operational mode, considerable power
saving can be achieved. In addition, in the circuitry
arrangement illustrated in Fig. 4, the microcomputer 10 can
perform the ON/OFF. control of the transistor switches Trl and
Tr2 by means of the switching control outputs SW1 and SW2, so
that the amplifier gains of the operational amplifiers 13 and

14 can be changed over. The afore-mentioned arrangement makes



batftery packs 1 having battery cells which are different in nunber of

series connection fromeach other in an optimum nmanner. Next, a
speci fic arrangenent of the battery pack 1. according to the present
i nvention is described by referring to Fig. 4. In the battery

pack shown in Fig. 4, the positive el ectrode of the battery cell 20 is
coupled to the positive termnal TMerr] of the battery pack 1 and the
negative el ectrode of the battery cell 283is coupled to the negative
termnal T™M of the battery pack 1 through a current/voltage detection

resi stance R7. The microconputer 10 incorporated in the battery
pack 1 is posplibdewbbltha tpodetestuane ekfireaely ematdnpuireent nEhutheg
series regulators, reset circuits or the li ke, and operated by t he power

p
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term nal DEEr?EnEh?n”kﬁEoﬁggﬂﬁieBpéQat1bﬁaf°H9&§d to an output termnal of

an operational anpl 17
The voltage detection circuit 18 is a voltage-dividing

resistor constituted by resistances R9 and R10. By using the
voltage—-dividing resistor, the terminal voltage of the battery
cell 20 can be detected. The voltage value detected by the
voltage detect1on circuit 18 is supplied to the afore-mentioned
voltage detectlon input term1na1 of the microcomputer 10.
Accordingly, based on the detected voltage value supplied from
the voltage detection circuit 10 and received by the voltage
detection input terminal of the microcomputer 10, it is
poésible to recognize the terminal voltage of the battery cell
20.

Ih addition, the temperature sensor 19 is constituted
by, for example, a thermistor for detecting a temperature, or
the like, and disposed in close proximity to the battery cell
20. The temperature value detected by the temperature sensor
18 is supplied to the temperature detection input terminal of
the microcomputer.lo.' Accordingly, the microcomputer 10 can
recognize the temperature of the battery cell 20 based on the
detected temperature value supplied to the temperature
detection input terminal thereof.

Further, the afore-mentioned non-volatile memory 17 is
constituted by, for example, EEP-ROM, and can also store
therein data (cycle data) indicative of number of permissible

maximum charging and discharging cycles of the battery cell 20



13, which serves for detecting the charging current. The discharge
‘current detection input termnal D2 is coupled to an output term nal of
the operational anplifier 13, which serves for detecting the discharge
cutrent. In addition, the interrupt input termnal of the mcroconputer 10
Is.coupled to an output termnal of a NAND gate 15 whose two input
termnals are coupled to output term nals of operational anplifiers 13

and 14. The out put term nal of the NANg gate 15 is also coupled to the
power source 16 for m croconputer thro éh a pull-up resistance RS.

Besi des, fhe tﬁﬂgerature teciign I nput termnal of the m croconputer 10
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P electronic equipment to which the battery pack 1 is mounted,
by reading out the data indicative of the number of the maximum
permissible charging and discharging cycles from the non-
volatile memory 17 and simultaneously measuring current
charging and discharging cycles of the battery cell 20.
Accordingly, when the flag transmitted from the battery pack
1 is received by the electronic equipment, it is possible to
provide, for example, an indication for directing the user’s
attention to necessity of replacement of the battery pack, an
indication of a residual capacity of the. battery pack, or the

like. |
Next, there is explained the calculation of residual
battery capacity operated by the afore-mentioned microcomputer
10, that is, the integrating operation of charging and
discharging currents based on the output values of the afore-
mentioned operational amplifiers 13 and 14. Incidentally, in
these operations,.the operational amplifiers 13 and 14 aré used

as a charging current detection amplifier or a discharging

current detection amplifier in the current detection circuitry.



termnal DI 2, tenperature detection input termnal, voltage detection input
termnal and the |ike are anal og input

18 termnals and therefore all are constituted by A/ D input ports.
Accordingly, the m croconputer 10 incorporates therein an A/D. converter
for converting these analog inputs into digital data. The
non-inversion input termnal of the operational anplifier 13 is coupled to
the negative electrode of the batter¥d3cell 20 through a resistance R3. The
i nversion input termnal of the operational anplifier 13 is coupled to a
negati ve-feedback resistance R2 for setting an anplification factor and a

resistance Rl. ABkordhngept @néevéﬁgageirﬁnﬁtrhedeéaspatatehnrs&nsoprthe
operati on lifier 13 is ual_.to voIt amplif.ied b

oort ol vi et cutrshend: 2l fauits’ MsiEh The Bestatingd BT,
(current fdndihIiFARes CEIY GddiHc M SedPfdimt Oby dal pSvehapaenvael Y&/t he

resistance R2 to that of the resistance RL (R2Z/R). On the other hand,
inclusive of that of current/voltage conversion, so as to

output a voltage e = iG [V] which is then supplied to the
charging current detection input terminal DI1 and the discharge
current detection'input terminal DI2 as A/D ports of the
microcomputer 10. In the A/D converting means (A/D converter)
of the microcomputer 10, the input voltage e (V] is quantized
with a given quantization width or step @ [V/LSB] to convert
the analog data into a digital value x = e/q (= iG/q). Based
on the digital value x, the microcomputer 10 performs the
calculation every predetermined operation period T [h: hour].

Assuming that the current i continuously flows for the
operation period T, the increment or decrement AY is given by
the formula of AY = iT = (xq/G) [mAh]. The increment or

decrement AY is represented by the following formula, using the

-digital data x obtained by the afore-mentioned A/D conversion.

AY = (qT/G)x

When the respective values q, T and G in the above
formula are adjusted such that the multiplication coefficient
qT/G is equal to 2", the above formula is rewritten as AY =
(2")x. As a result{_the value can be readily calculated by bit
shift. |

Meanwhile, a positive (+) wvalue of the current i

corresponds to charging operations while a negative value (-)



the non-inversion input termnal of the operational anplifier 14 is
coupled to the negative electrode of the battery cell 20 through a
resistance R6 and a resistance R7 which serves for detecting current and
voltage. The inversion input termnal of the operational anplifier 14 is
coupled to a negative- feedback resistance R5 and a resistance R4.
Accordingly, the voltage fromthe output term nal of the operationa
anplifier 14 is equal to a voltage Y, |l ue anplified by multiplying a val ue
gf tﬂe currgnt fl owi ng through the ba?tery pack 1 (current flow ng upon

I schar ge e f o Rant hat of
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source th ti edt Eeséﬁé?ﬁfﬁg RledsSredrinngst e@ete@@&prdjmgltyle when
t he IeveI S|gna on1t e swtching control output term nal SW of the

n1croconpuhgham1¢ma1f@mpBXﬂn@feJmﬂﬁhﬂlebtnuuﬁisqhar&ﬁd&mcurreahsu§tor
Trl is turned ON so that the value of the resista
detected_”by the operational amplifier The respective
detected charging and discharging currents are output as a
positive voltage and'supplied to the charging current detection
input terminal DI1 and the discharge current detection input
terminal DIZ2. Accordingly, assuming that a voltage e, is
supplied from the operational amplifier 13 to the charging
current detection input terminal DIl of the microcomputef 10
based on a detected charging currents i, and the voltage e, is
subjected to analog-to—digital conversion by the A/D converter
within the microcompuéer 10 to obtain a digital value x;, and
that a voltages e, is supplied from the operational amplifier
14 to the discharging current detection input terminais DI2 of
the microcomputer 10 based on a detected charging current i,
and the voltage e, is subjected to analog-to—~digital conversion
by the A/D converter within the microcomputer 10 to obtain a
digital value x,;, the increment or decrement AY [mAh] of .the
residual battery capacity Y [mAh] every operational period T
can be given by the following formula:
AY = (i, - i,) x T
= (e, — ;) x T/G
= (x, - x;) x qaT/Q

If the multiplication coefficient is set as qT/G = 2",



R1, becones approxi mately zero (nanely, only an internal resistance of the
field effect transistor Trl), and the anplification factor (anplifier
"gain) of the operational anplifier 13, whose anplification factor is
determ ned according to the ratio of the value of the resistance R2 to
that of the resistance Rl (R2/Rl) beconmes large. On the other hand, when
the level of signal fromthe switching control output terminal SW of the

m croconputer 10 is, for exanple, LOAMXL), the transistor switch Trl is
turned OFF so that the anplification factor (amplifier gain) of the

operational anplifier 13 js smaller than the anplification factor
det er ni ned*PACERIYE nteTRYL 2 (i €3N PYiof the value of the resistance

R2 to that of the reshgtangg Rl kRby, i.e., the "anplification factor
obtained in the case mhereqthe féZESistor switch Trl is turned ON

Simlarly, a trams st oesslttcthdréalwe cansbet neediby, cibeubxtedltey wifiel d
effect transistor whose gain is coupled to the swtching control output
t erm nal 1b¥-the nicroconputer 10 and between whose drain and source the

af ore-nentioned r@gl stsangeaRe1bw Wcsth%%inépgoﬁgég\gld?gwﬁggrébfoﬁ eyg! of
signal fromthe swtching control output term nal of 't m Ccr oconput er
10 is, fortheamplaoddn@ute)  10hfor calculating the residual battery
capacity by the integrating operation of the afore-mentioned
charging and discharging current values. '
In Fig. 5, at the step ST41, a residual battery capacity
data Y [mAh] is set as an. initial residual capacity Y, [mAh].
This procedure is represented by Y - Y,. At the next step
ST42, the increment or decrgment AY, that is, (x, - x;) x 2°, is
added to the residual battery data Y [{mAh] obtained immediately
before the initiation of the step. The thus—-obtained added
value is stored as a new residual battery capacity data Y [mAh]
in an internal memory (not shown) of the microcomputer 10.
This procedure is represented by Y - {Y + (x, - x;) x 2°]. 1In
the further step ST43, the computing program returns to the
step ST41l after waiting for a predetermined period of time T
corresponding to the aforé—mentioned operational period.

In this case, when the gain [V/mA] inclusive of that of
current/voltage conversion in the cu:;rent detection c:frcuitry,
the quantized step q [V/LSB] upon analog-to-digital conversion
in the microcomputer 10, .and the period for the integrating
operation of the charging and discharging curI:ent values by the
microcomputer 10 are selected such tha‘t the relationship

therebetween is represented by qT/G = '2". the integrated



20 transistor switch Trl is turned ON so that the val ue of the

resi stance R4 becones approxi mately zero (nanely, only an internal

resi stance of the transistor switch Tr2), and the anplification factor

(applifier gain) of the operational anplifier 13 becones large. On the

~other hand, when the level of signal fromthe sw tching control output
termnal SW2 of the mcroconputer 10 is, for exanple, LOWN(L), the
transistor switch Tr2 is turned OFF €8 that the anplification factor
(amplifier gain) of the operational anplifier 14 becones small. I n

‘this case, in a norrmal operational node: (upon running), the m croconputer

10 conti nusirdehtTaaluess orhehei gealidubevbhstetyt bepaé DER- VRN SN odwar gi ng
current detection input terminal D1 and discharge current detection input
term nal MBtained fusdite\shid i aeidhontomudtdedad ngr shet eogifiddientues, the

| evel s of signal g,fro e.afore-nentjon SW L chi cpontrol _qut put
ternminals SW an?%wmaéglfoﬁ% &t o°€ )°p?5?/€??n% taﬁ‘glh?ﬁ&g 1.3
transi st orcénd i nk thanduFrdnadr dekechiohUchedubry #8daébermimid fher
gains of the operational .anmplifiers 13 and 14 becones small

Accor di ngl t¥he Ratdo @fc RG(Bhpys clesiqrihad mbeyen ewhile | the empllidienr soin

flowing wigpifhd Al i®nh1Pans1ls4e% 19" s bR%e 2 4B w§ ehd' LS of
R5/R4 as described above. Further, the current/voltage
conversion ratio is detgrmined by the resistance RT. The
amplifier gain of the operational amplifier 13 for detecting
a charging current and the amplifier gain of the operational
amplifier 14 for detecting a discharge current may be same or
different. The quantization step q of the analog-to-digital
conversion of the microcomputer 10 is fixed by the IC in many
cases. In addition, -the operation period T cén be varied
according to software used.

More specifically, for example, assuming that
relationships of q/G = 2* [mA/LSB] and T [h] = 1/2* [h] (where
k and m represent integers) are established, the increment or
decrement AY every operation period T is given by the formulg:

AY = (x, - x,) x qQT/G
= (x, - x,) x 2"

Accordingly, the résidual battery capacity Y [mAh] every

operation period T can be renewed by the formula:
Y - [Y+ (x, - x;) x 2*%)]
As a result, the infegrating current value can be

obtained only by the addition and subtraction, and by (k-m) bit

shift operations.



discharging) by using the values of outputs fromthe operational
anplifiers 13 and 14 having the low anplifier gain. For this reason, the
m croconputer 10 can recognize the value of the current flow ng upon
charging or discharging so that integrated value of charging and

di scharging currents and the |ike can be cal cul at ed.
21 On the other hand, in the nornal operational nmpde (upon
runni ng), when the charging and discharZ@ng currents flowing wthin the
" battery pack 1 are decreased to an extrenmely small value not nore than the

redet erm ned val_ ue, .the tput value fromthe operational anplifiers 13
gnd 14, whi ch anﬁPFFFéﬁcagiynslarglﬁbtﬁ'réﬁﬁéPedssﬁﬁPWP shsocaseoRaremal | .
That is, ¢he dH4eles o@f thige a?fo%em@%'%fi'o%gd P2t de ULt EBh Q?E@fi‘ik%?
input termnal D1 and di'scharge current detection input termna 2
al so beconks sewal [for Aexample, suoch, that t8le relation of q/G =

= 1 is
established. Although the quantization step q is fixed in many

cases, the value q may also be variable so as to obtain the

relation of q/G = 1. At this time, if an initial capacity is

set to 8 mAh as shown in Fig. 6(A), the residual battery

capacity Y is represented by 08H (where H is a hexadecimal

numeral. That is, lower four bits are given by "1000".). 1In

the case of the initial capacity of 08H, for example, when

charging of 1 mA per hour is.conducted for one hour, the A/D
conversion data corresponding to input values of the charging
current detection input terminal DI1 and the discharge current

detection input terminal DI2 is given by O1H as it is. By

adding this value to the initial capacity, a new residual

batter capacity data Y of 9 mAh is obtained. Therefore, the
residual battery capacity data Y is represented by 09H (that
is, lower four bits are given by "“1011".), as shown in Fig.
6(B). Successively, when charging of 2 mA per hour is
conducted on the battery having the residual battery capacity
of 08H for one hour, a new residual battery capacity data Y
amounts to 11 mAh so that it is represented by OBH (that is,
lower four bits are given by "1011".), as shown in Fig. 6(C).
As is understood from the above discussion, for example, if the
gain G of the afore-mentioned current detéétion circuitry 80
or the like is set so as to establish the relation of q/G = 1

[mAh/LSB1], the integrating current value can be obtained



m croconputer 10, the levels of the afore-mentioned termnals D1 and DI 2
are decreased to |lower than the predetermned |level. |If such a condition
is continued for a predetermined period of time, the microconputer 10
determnes that the <circuitry is in a no-load condition, so that the
operational node thereof is transferred into a power-saving node (sleep
node). Upon the power-saving node, the circuitry is operated wth a | ower
power consunption than in the afore- tioned normal operational node, so
t hat energy-saving operation thereof becones possible. - Wien the

m croconputer 10 is operated in the power- _saving node (sleep node), the
| evel s of witheat smalbiplheahion of tRRt¢RUHL8R% chi ng control out put

termnals SW a S re bag 1 S | §4C s the apsLstor
swi tches Trl an(rigim_'ﬂr\%lialdf'beast uswr%’e‘”lciq gﬁ,.@ﬁ'hgt&phgoaqmgléﬁﬁ %{ri égléngé%) t he
oper ati ONghe AEPthd | £F re-nei¥h ofe D GHITE dndl Ghe 1AkeOndiengley, ewgen tbe
circuitry is operated in the power-saving node (sl eep node), the

m cr oconpa?€r =108 cdr2hkbabuab/LEB] exwheneWpesipitial capacity is, for
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capaqity Y is represented by 01H (where H is a hexadecimal
numeral, that is, lower four bits are given by "0001".). 1In
the case of such an initial capacity of 01H, for example, when
charging of 8 mA per hour is conducted for one hour, the A/D
conversion data corresponding to input values of the charging
current detection input terminal DIl.and the discharge current
detection input terminal DI2 is given by Ol1H as shown in Fig.
7(B). When this data is added to the afore-mentioned residual
battery capacity data Y, it is necessary to multiply the value
by 2°. The multiplication of the data by 2' can be achieved by
rightward three bit shift operation, so that an increment of
08H, i.e., 8 mAh can be obtained. By adding this increment to
the original residual battery capacity data, a new residual
battery capacity data Y of 9 mAh is obtained as shown in Fig.
7(0). As is understood from the above discussion, if the gain
G of the afore-mentioned current detection circuitry and the
like are-set. for example, so as to establish the relation of
a/G = 8 (2') [mAh/LSB], the integrated current value can be
obtained without the multiplication of the coefficient though
only the bit shift ope:ation is required. In géneral, if the
q/G is set to 2" {mAh/LSB], the integrated current value or the

residual battery capacity can be obtained by the n-time bit



fl.ow ng upon di scharge) by using output values of the operationa
anplifiers 13 and 14 whose anplifier gains are rendered small. I n
this case, under such a power-saving operational node, when the charging
or.di scharging currents reach or exceed the afore-nentioned predeterm ned
- val ue, . the out put values of the operational anplifiers 13 and 14 both
becone large. That 1is, the levels of the two input termnals of the afore-
nenti oned NAND gate 15 are both HI GH PBdvel s. Accordingly, the output of
t he NAND gate 15 becones a LOWI| evel. Thus, when the output |evel of the
NAND gate 15 coupled to the interrupt input termnal becones a LONIevel,
t he m crocehbiit eand theayreddstkane- af ore- nenti.oned power - savi ng oper ati onal

node so that the . opgrational node qf the cirguitry. i transferred fromthe
power - saving operdt | Bl TR38ECLBE NNt ® 0 SEPSEEBRE) HHEcombodment ]

descri bed adpN€, tid 1itBitn~§bht b¥tEEFPNGEEMat tielrUsbl 8t edubRevéd; ¢€he Since
the circuitry Is operated with a |ower power consunption in the
power - savi pgedent ofnvgntian ods t Rdmot happl hcathke ndronalotbper aseosmdanvde,

consi derabl e powsr  saving cap Re achieved, Lo addition, jn.the
Cireuitry PaFPERERIAHET Moy hedT s Rmte S cerd®s; orobsRRRLchI4b°Ean
batteries in a similar manner.

Further, the battery pack according to the present
invention can be mounted to various electronic apparatuses such
as video cameras, portable telephones, personal computers or
the like.

As described above, in accordance with the present
invention, the information indicative of the maximum charging
current and the information indicative of the maximum charging
voltage are stored in .the battery pack. Further, the battery
pack is éharged by the battery charging device in such a manner
that constant—current charge is conducted at.an initial stage
of the charging and the charging mode is changed over to
constant—-voltage charge when the current charging voltagé of
the battery pack exceeds a predetermined value. Thus, by
changing over the charging mode between the constant-current
charge and the constant-voltage charge depending upon the
current charging voltage of the battery pack and controlling
so as not to exceed the maximﬁm charging current and the
maximum charging voltage, it is possible to supply an optimum
charging energy Fo all of a plurality of battery packs which

are different in maximum charging current and maximum charging

voltage'from.each other.



perforn1the OV OFF control of the transistor switches Trl and Tr2 by neans
of the switching—eentrol—outputs—SWL and SW2, so that the anplifier gains

of the operational lifie nd 14 can be changed over. The
af ore-nmentioned a I‘W E -
23 I-t possible extrenely smal | [

current in the
power - savi ng operatlonal nDde and toggeasure the val ue of

nor mal operational node. The voltage detection circuit 18 is a
voltage-dividing resistor constituted by resistances RO and R10. By using
t he voltagg-di¥iglgg|$§ tgtor the termnal voltage of the battery cel
20 can be tage val ue detected by the voltage detection

circuit 18 ig suPRiPtHaRelip abeise NESY ickaegingoht BgELEat anickohaivingt
termnal of the mcroconputer 10. Accordingly, based on the detected

Eoltﬁge vrlbetteppl¢elﬂfrsﬁndtbﬁitﬂﬁaanyskdéﬁaaﬂ sarebleuct sGoxinerdBei ved
y the volt

current in the

E%rmatlon indicative of a maximum charging current and an
information indicative of a maximum charging voltage of the
battery cell and communicating the information, comprising:

a communication means for receiving said information
indicativé of the maximum charging current and said information
indicative of the maximum charging voltage of the battery cell
which ére transmitted from said battery pack; and

a control means for controlling current and Voltage of
the battery pack upon charging so as not to exceed said maximum
~charging current and séid maximum charging voltage thereof.
2. A battery charging device according to claim 1, wherein said
communication means further receives voltage values upon

charging which are transmitted from said battery pack.

3. A battery charging device according to claim 2, wherein said
control means controls sqid battery pack and battery charging
device so as to change over the charging condition of the

battery pack to a constant-current-charge or a constant-voltage

charge.

4. A battery charging device according to claim 3, wherein said
control means controls said battery pack and battery charging

device such that the constant-current charge is conducted using
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detection input termnal of the nicfoconputer 10, it is possible to

recogni ze the termnal voltage of the battery cell 20. I n
addition, the teﬁﬁgrafﬁ?é_§§ﬁ§6T‘19 is constituted by, for exanple, a

thermstor for d ' ture, or the like, and disposed in close

proxinity to theelmmumlmmﬂm]%g ‘The tenperature val ue detected by the

t enperature sensor* X8 iLs suppli to the tenperature detection input
termnal of the mcroconputer 10. Accordsngly, the m croconputer 10 can

recogni ze the tenperature of the battery cell 20 based on the detected

tenperature value supplied to the tenperature detection input termna

t hereof. said magimuReehargéngfeneredhti oned non-vol atile menory 17 is

constituted by, for exanple, EEP-ROM and can al so store t herei n data
(cycle data) indicative of nunber of perm ssible maxi num char gi ng and

di schar gi ng .cychest&fy tda lg3ngeB¥viet| adfording to claim 3, wherein said
control means controls said battery pack and battery charging
device such that the constant-voltage charge is conducted using

said maximum charging vbltage.

6. A battery charging device according to claim 3, wherein said
control means controls said battery pack and battery charging
device such that the charged voltage thereof does not exceed

said maximum charging voltage when the constant-voltage charge

is conducted.

7. A battery charging device according to claim 3, wherein said
control means controls said battery pack and battery charging
device such that the charged current thereof does not exceed

said maximum charg@ng current when the constant-current charge

is conducted.

8. A battery charging device according to claim 3, wherein said
control means controls said battery pack and battéry charging
device such that the charged voltage thereof does not exceed
said maximum charging voltage in the case of the constant-
voltage charge, énd the charged current thereof does not

exceed said maximum charging current in the case of the

constant—-current charge.
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24 in addition to the information indicative of the maxi num charging
vol tage or the maximum charging current and the information indicative of

t he connect i ng—condi-tions—as—nenti oned above. |If such data indicative of

t he nunmber of maxi mum perm ssiplie charging and di scharging cycles of the
. battery cell 2 ﬁlltﬁ E Hll!ﬂé non-vol atile menory 17, the _

m croconputer 1 flag indicative of reaching the maximm
perm ssi bl e chargi ng and di schargi ng cﬁ@les to electronic equipnment to
which the battery pack 1 is nmounted, by reading out the data indicative of
the nunber of the maxi mum perm ssible charging and discharging cycles from
the non- %ol At PRELtRENDQRETBiING devige akeoendingretgucilagmedrr efurthdmar gi ng

ind di sch | 0Q: f 1 t1 Il 20. Accordingly, when the flag
fransm 11 P PPELENEE °8 NeandBast I nd telte o B Rb R "B e
equi pnent ,valud SofOoSén bb@tbat PFoMdke hAA WXAYREEabBY IRHiredit Ofod Pde

e battery

directing the user's .attention to necessity of replacenent of t
pack, an $3RARI: iofn chengipngsadvalue aphdin pusbutheubaent; ywhaerkin osatde

li ke. t, fhere ig explained the calcylation of residyal battery
capacity o(f)oer}gfgéld "ﬁfr&[%h%%’f%groé-sngﬁtl?oﬁé'&p&%cP'BEaﬁﬁﬁt gpnerated £rom the
: variable voltage source and said output current generated from

the variable current source.

10. A battery charging device according to claim 1, further
comprising a output ﬁeans for selectively outputting either the
output voltage from the variable voltage source or the output
current from the variable current source, wherein the control
means controls the output means so as to change over an 6utput

thereof between the output voltage and the output current.

11. A battery charging device according to claim 1, wherein
said communication means further receives a value of the

charged current transmitted from said battery pack wupon

charging.

12. A battery charging device according to claim 3, further
comprising a light-emitting means which is controlled by said
control means such that when the output means is changed over
between the constant-current charge and the constant-voltage

charge, the light-emitting means is turned ON.

13. A battery charging device according to claim 3, further
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currents
anmplifier
amplifier
a di schar

circuitry.

det ecti on

Is, the integrating operation of charging and discharging

based OnFLhe~6H%ﬁﬂ%‘Van€S‘Of the afore- nentioned operational

gi ng npllfler in the current detection
! 25

circuitry detects a chargi g or discharging current i [nmA]

s 13 and 14. InC| 'in these operations, the operationa
s 13 andlun E ‘ a charging current detection anplifier or

The current

flowi ng through the resistance R7 and anplifies the detected current by a

gi ven ga

to out pupoapvmmsgea el::em@e[nwtwgzmqa@q i chupgsl icentrelipd bbfhﬁ?g‘iing

n G[VIm\ inclusive of that of current/voltage conversion,

current detect

i nput ter ﬁ’f’ﬂﬁp | B¢ uf&?‘%’ 0 naar‘ "fq‘?rheq’dmt Er Al S%Q%B%efﬁc%ﬁ%g?%dd%%g on

conput

SO as

converti ngewadgs (tNeDc%@.\tahtterch&Entth@nmr@boampw cbhs thalhe -vepyhguol t age
e [V] is quantized wth a given quantization width or step q [V/LSB] to
convert tlchazgel,ofhdadightremityipet mpanal i@ Kuened OFE. | G q). Based

14. A battery charging device according to claim 3, wherein
said control means controls said battery pack and battery
charging device .such that the constant-current charge is
conducted at an initial stage of the charging thereof, while
the constant-voltage charge_ié conducted when or after the

charged voltage reaches a predetermined voltage.

15. A battery charging device according to claim 14, wherein

said predetermined voltage is 90 % of saturated charged voltage

of said battery pack.

16. A method for charging a battery pack having a battery cell,
said battery pack being capable of storing an information for
a maximum charging current and a maximﬁm charging voltage of
the battery cell and communicating the information, comprising
the steps of: | -

receiving the information for the maximum charging
currént and the maximum charging Qoltage of the battery cell
which is transmitted from said battery pack; and

controlling the battery pack such that charged current

and charged voltage thereof do not exceed the maximum charging

current and the maximum charging voltage of the battery cell
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on the digital _value x, the mcroconputer 10 perforns the calculation
every predetern1ned operéfrﬁﬁ‘perrod T [h: hour]. ~ Assuming that the
current i conti t he operation period T, the increnent or
decr enent [err]”mmuﬂu' “e formula of AY =i T = (xg/G [mAh]. The
I ncrement or deérefrent [werrs s represented by the follow ng formla,
using the digital data x obtained by the afore-nmentioned A/D conversion.
[err]Y= (qT/ QG x When the respeggive values g, T and Gin the above
formul a are adjusted such that the mul tiplication coefficient qT/Gis

equal to 2[err], the above fornula is rewitten as AY = (2[err])x. As a
result, tMPAPRIRETEIREye readily calculated by bit shift.

Meanwhile, a positive (+) value of the current i corresponds to
chargi ng operations while a negative value-(-)

26 of thaTursemeéthodomcespdidg ttd dé Bl 96 0J FARLhaY Qdhpritihie the
af ore- nentyfned %gbodlnent as shown in Fig. 4, anong the
steps o

receiving a value of the charged voltage during charging

which is transmitted from the battery pack; and

controlling the battery pack so as to change over the
charging éondition of the battery pack between the constant-

current charge and the constant-voltage charge.

18. A method according to claim 17, wherein the maximum

charging current is used when the charging of the battery pack

-is conducted by the constant—current charge.

19. A method according to claim 17, wherein the maximum

charging voltage is used when the charging of the battery pack

is conducted by the constant-~voltage charge.

20. A method according to claim 17, wherein when the charging
of the battery pack is conducted by fhe constant—current
charge, the battery pack is controlled such that the value of

the charged voltage thereof does not exceed the maximum

charging voltage.

21. A method according to claim 17, wherein when the charging

of the battery pack is conducted by_ the constant-voltage

charge, the battery pack is controlled such that the value of
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charging and discharging currents flow ng through the - resistance R7, the
,chargrng currenL~+5—de%ee%ed—by—%he operational anplifier 13 while the
di scharging current i operational anplifier 14. The

respective deteq BIB l“uuuﬂ drscharglng currents are output as a
positive voltage ‘e charging current detection input
termnal D1 and the drscharge current detection input termnal D 2.

Accordi ngly, assum ng that a voltage e[eﬁﬂ is supplied fromthe
operational anmplifier 13 to the charging current detection input termnal

D1 of the m croco ter ba ne.a detec g rr err]
and t he vgp?agceh%f n%’] cugre%b gﬁ?e‘% fod;onzﬁ oéggo %?é%&] tg%nv'g%rf%%& by the
A D conveghgrgidkt BhPréne. nrcroconputer 10 to obtain a digital value
x[err], and that a voltages e[err] is supplied fromthe operational

anpllfler 14 to the discharging current detection input termnals DI 2 of

h based ' '
Vol tage oFdrf FEvBAR BECACLBEaI G4oih. Ai'a: PhPPeH, GRE; phethEy, pROR, "¢

converter ;@ Bint rbe el GLREOARELERNED clh@r@baalvla 12 a@egithalreval yees[ abk] , the
i ncrement or decrenent [err]Y [mAh] of the residual battery capacity Y

[ mAh] evereyw@pdr ast bhalmaxdmupd Thangine gloldmasy ine the | 68BRg 9%r Yhea:
AY (i[err

(X[err] L;fgp&TyoL%aq7(§harge, and the cha#géé”rdrreéﬂei JJE&@ Eﬁgs

not exceed said maximum charging current in the case of the

constant—-current charge.

23. A method according to claim 17, wherein the battery pack
is controlled such that the constant-current chérge is
conducted at an initial stage of the charging thereof, while
the conétant—voltage phargé_is conducted when or after the

charged voltage reaches a predetermined voltage.

24. A method according to claim 23, wherein said predetermined

voltage is 90 % of saturated charged voltage of said battery
pack.

25. . A battery pack comprising:
a battery cell capable of being charged or @ischarged;
a mémory means for storing at least an information for
a maximum charging current and a maximum charging voltage; and
a communication means for transmitting at least the
information for said'maxiﬁum charging current and said maximum

charging voltage.
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If, the nultiplication coefficient is set as qT/G = 2[err]
27 the above formula is given by: [err]Y = (x[err] - x[err] )
X 2[err] As_a—+e§trh—"t’ﬁé’\7é' | ue can be readily cal culated by bit

shift. Fi g. t showi ng a conputing operation of the
m croconputer 10 fm‘m ﬂ“mt‘m e residual battery capacity by the
I nt egrating oper atli ore-nentioned charging and di scharging
current val ues. In Fig.. 5 at thggtep ST41l, a residual battery

capacity data Y [mAh] is set as an initial FESIdUﬁ| capacity Y[gl_zl]2 [trrf]\h].
Thi ted by Y - Y[err At the next step e
Mncrement B dbcPehEREY BRFRvCEARRIng, EpbLpip 255 ERFTROR SpRPF]S hE
added to tQecﬁ§§kgﬂaon§E$@LﬁeGQE91%?2?%%% sOPbRi BEteLETRE 21 GbYrabEf GF € the

initiation of the step he thus-o added
said battery pack upon charging, wherein said communication

means further transmits a information for the voltage detected

by the charged voltage-detecting means.

27. A battery pack according to claim 25, further cbmprising
a charged current-detecting means for.dgtecting'a current of
said battery pagk upon charging, wherein said communication
means further transmits an information for the current detected
by the charged current-detecting means.

28. A battery pack according to.claim 25, wherein said memory

means stores an information for connecting conditions of said

battery cell.

[
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value is stored as a new residual battery capacity data Y [mAh] in an

i nternal nmenory (not shown) of the m croconputer 10. This procedure is
represented by Y - [Y + (x[err] - x[err]) x 2[err]]. In the further step
STA43, -the computing programreturns to the step ST41 after waiting for a
predeterm ned period of time T corresponding to the afore-nentioned

oper ati onal period. ~ In this case, when the gain [V/ m] inclusive of
that of current/voltage conversion in the current detection circuitry, the
guanti zed step q [V LSB] upon anal og-to-digital conversion in the

m croconputer 10, and the period for th§9integrating operation of the
chargi ng and di scharging current values by the .m croconputer 10 are

selected such that pReTERYAChAREENG ‘DRYIERS! WRARCDS PO SRARRGRICEY DY aT/ G =
2..1 . g

the integrated current

val ues or the residual bat BARFERYpRACK, ANDUBATIERYOPACKLt ai ned by bit
shift without nultiplying the coefficient. C The anplifier gain of the

operational anplifier 13 constitutlng the current detection circuitry is

determined by the ratio of R2/RL as RAGdd above, while the anplifier
gai n ' .

There is disclosed .a battery charging device for
charging a battery pack having a battery cell, the battery pack
being capable of storing an information for a maxihum charging
current and a maximum charging voltage of the battery cell and
communicating the information with the battery charging device,
which includes a communication means for receiving the
information indicative of the maximum charging current and the
information indicative of the maximum charging voltage of the
battery cell which is transmitted from the battery pack, and
a control means for cohtrolling charging current and voltage
upon charging so as not to exceed the maximum charging current
and the maximum charging voltage of the battery cell. .Further.
in accordaﬂcé with the present invention, there are disclosed
a method for charging the battery pdck.'and'the battery pack

capable-of being mounted to various electronic apparatuses.

Figure 4
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of the operational anplifier 14 is determned by the ratio of R5/ R4 as
descri bed above. Further, the current/voltage conversion ratio is
determ ned by the resistance R7. The anplifier gain of the operational
anplifier 13 for detecting a charging current and the anplifier gain of
the operational . anplifier 14 for detecting a discharge current may be sane
- or different. The quantization step q of the analog-to-digital conversion
of the mcroconputer 10 is fixed by the H@&n many cases. I n addi ti on,
-the operation_period T can he varied according to software used.

More  specififcal ly, for exg’p\liﬁ, sum ng that relatfonshi ps of
g/ G = 2[err] [IM¥YLSB] and T [h] N Z[Err]l [h] (where Kk a M r epr esent
i ntegers) are lestablished, the incre r decrenent [errgY] every
~operation perifod T i[s given hyfhnf% : [e®]l = (x[err] -
x[err]) x qT/ G - x[erg] A x[err]) X 2[err]a

ws.
Accordi ngly, the resj dual b%ﬁ&/ ca ' Y [ mMAh] elery efation period
T can be renewed bythe,'\j@; zﬁs Q - [YPH (x[ere]]- x[err]) X
o
oL
I

2[err]] As B resul > integratimg current valge|can be

obtained only py the| additi pn @andjsubtraction, and by (k-m b}t shift
oper ati ons. o
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29~ Specifically, in Fig. 6, there is showm the case where -the gain
G of the afore-nentioned current detection circuitry is set, for exanple,
such that the relation of g/G=1is established. ‘A though the

quanti zation step q is fixed in many cases, the value q may al so be
variable so as to obtain the relation of g/ G=1. At this tine, if an
initial capacity is set to 8 mAh as shown in Fig. 6(A), the residual
battery ' capacity Y is represented by O8Hjmhere H is a hexadeci mal
nuneral . That is, lower four bits are given by "1000".). 1In the case of
the initial capacity of 08H, for exanple, when charging of 1 mA per hour

I s conducted for one hour, the A/D conversion data corresponding to input
val ues of the charging current detection input termnal D1 and the

di scharge current detection input termnal D2 is gi®n Has it is.
By adding this value to the initial capacity, a nemIIeﬁu |} batter
capacity data Y of 9 mAh is obtained. Therefore, theU)esizggl battery
Qits_are given

capacity data Y is represented by 09H (that is, | @ @
by "1011".), as shown in Fig. 6(B). S cessi%glv ¢ argi hg of 2
mA per hour is ('T)
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cormducted on the battery having the residual battery capacity of O9H for
one hour, a new residual battery capacity data Y anounts to 11 mAh so that
it is represented by OBH (that is, lower four bits are given by "1011".),
asshown in Fig. 6(C). As is understood fromthe above di scussion, for
exanple, if the gain G of the afore-nentioned current detection circuitry
80 or the like is set so as to establish the relation of g/G =1

[ Mh/LSB], the integrating current val ue3ggn be obtai ned

30 without multiplication of the coefficient. Simlarly, as shown
in Figs. 7(A) to 7(C), in the case where the afore-nentioned gain and the
like are set, e.g., to qg/G =8 (=2[err]) [mAh/LSB], when the initial
capacity is, for exanple, 1 mAh as shown in Fig. 7(A), the residual
battery capacity Y is represented by OlH (where His a hexadeci nal
nuneral, that is, lower four bits are given by "0001".). 1In the case of
such an initial capacity of 01H, for exanple, when charging of 8 mA per
hour is conducted for one hqur, the A/D conversion data corresponding to

i nput val ues of the chargi FE%W EEw
<2 5O
oh< bt
il 80° =
Y -
|
™
o
=
L.
e
X ®
e 8
e
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current detection input terminal DI1 and the discharge current detection
Iput termnal D2 is given by OlLH as shown in Fiig. 7(B). Wen this data
i's added to the afore-nentioned residual battery capacity data VY, it is

necessary to nultiply the value by 2[err]. The nultiplication of the data
by 2[err] can be achieved by rightward three bit shift operation, so that
an increnent of 08H, i.e., 8 mAh can be obtained. By adding this increnent
to the original residual battery capacitg/6ata, a new residual battery

capacity data Y of 9 mAh is obtained as shown in Fig. 7(C. As is
understood fromthe above di scussion, if>_n'm gain G of the afore-nentioned
current detection circuitry and tag b set, for exanple, so as to

ar
~establish the relation of q/'G = 8N2[krrif [ jPAh/ LSB], the integrated
current value can be obtained wthout tq® mpltiplication of the

coefficient though _‘Qﬂe_[' lon is required. 1n general,
he 1|

iIf the g/ Gis set t

2[ err] [ mAh/ LSB] ht egrated current vl ue or the
residual battery capacity can be obtaiflgg—oy} the n-tinme bit
31 shift and the addition. g-
o £S5
e S mm
we
. ot
® 5
e «
WATVWV 25
Wy =
322
o - 630
2=0 o
N o= ”no
=T ZOE = E
=" WA
) : \
4 g qu w ol E
2 (=] ool O
<& %5k 55 Ug = <
(~ 1 '-'60_ ot °= £ hed
e tmg  <h5 9o o o
o= o 2o T4
~|a o s'l_l_ S 9 1
L = e b
O | o .
8 GJ% G2 e S w =,
= Z0 SEor 200 9:'20"
O SEL 3559 SEE <mE° 0
= 5 CERE EZ8  SEWS %
. 5 EGE =558 BGE GhS
» @ 95 O9gE 9% gY%=
. )
- % %
h o
N
~1




In the foregoing, there is described the enbodi ment using the lithiumion

bdttery as a battery cell. However, the present invention is also
applicable to other secondary batteries such as nickel-cadm um batteries
ory ni ckel - hydrogen batteries in a simlar nmanner. Further, the

battery pack according to the present invention can be nounted to various
el ectroni c apparatuses such as video caneras, portable tel ephones,

~ personal conputers or the like. descri bed above, in accordance
with the present invention, the i nforion indicative of the maxi mum
charging current and the information indicative of the maxi num chargi ng
vol tage are stored in the battery pack. Further, the battery pack is

“charged by the battery charging device in such a nanner that
constant-current charge is conducted at an initial stage of the charging.
and the charging node is changed over to constant-voltage charge when the

~current charging voltage of the battery pack exceeds a predeterm ned
val ue. Thus, by changing over the chargi ng node between the
constant-current charge and the constant-voltage charge dependi ng upon the
current charging voltage of the battery pack and controlling so as not to
exceed t he maxi num char gi ng current and the nmaxi num charging voltage, it
is possible to supply an optinum chargi ng energy to all of a plurality of

battery packs which
(: START :)

[

RESIDUAL CAPACITY Y —— INITIAL VALUE Yo [—ST41

)

STORE RESIDUAL CAPACITY Y

+ INCREMENT OR DECREMENT |

AY(=(xi-x2)x2") AS A NEW RESIDUAL [ST42

CAPACITY IN INTERNAL MEMORY
Y =— Ya{x1-x2)>2"

1
WAiT PREDETERMINED TIME T —S8T43

FIG.5



are different in maxi num charging current and maxi mum charging voltage

f f'om each ot her. What is clained : = 1. A battery pack
conpri si ng: -at | east one battery cell; det ecti on neans
elsectrically connected to said battery cell for. detecting a current of
charging or discharging said battery cell; and control circuit

electrically connected to said detection neans for determ ning whether the
operating node is in normal operatinggpgde or power consunption node in
response to the current of charging or discharging, wherein said
detection nmeans changes a gain of the detection in accordance with said
normal operating node and said power consunption node. 2. The battery
pack according to claim1l, wherein said control circuit includes a

m croconput er. 3. The battery pack according to claim1l1, wherein said
detection neans changes a gain of the detection down in said normnal

perating mde INITIAL
FlG.GA ojo]-.- {1]0]|0]0O AL, CAPACITY

—»= 8mAh

1mA CHARGE
(1 HOUR)

CAPACITY AFTER
FIG-GB 0[0f---]1]0]0|1 os?u"ﬂgum'}\h
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(1 HOUR)

~ 0BH —11mAh
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Vaswwpve
4. The batterle aim1, wherein said detection rreaﬂqq,ow < -f
changes a gain etection up in said power consurrptlcﬁe roce %
The -battery pack uw m 1, wherein said cont ol BMQEMENT SHEET
deterrines the o @%; mw in t he normal operating
currént of charg| disehar gi'ng:i s rmgg than a predet '
during the power consunption node. The battery
claim1, wherein said control
circuit determnes the operating node is in the power concum
sai d currentwidt clergiaimed 4 scharging is | ess than a predet
during the normal operating node. 7. A nethod for controlling a

battery pack including at |east one battery cell and control circuit whi ch
i s operating inlnd battenemackngempdsivg: power consunption node conprising .

steps of: t ffycharging or discharging said
battery cel |; %et ?g&%{‘%n% B&Hﬁh]{atc%érl t he operafing m)ﬂe IS in IﬂO{)
operating mode or Mﬂetl%ﬁ%ﬂﬁp?hﬂ'ﬁﬁééwﬁW%@&%’s@ ga1d hattamrem

charging or d@t%%@ﬁﬁ@'a”&:rrent of ch&V¥THgSr AiSohdy fingt $1fi B EtEriyose N and
accordance with sal d,nof MRl QPELTLLIG LT AMeSBdthUATH JeRBEHIBH m@sndTOde.

for determining whether the operating mode is in normal operating mode
or power consumption mode in response to the current of charging or
discharging, _

wherein said detection means changes a gain of the detection
in accordance with said normal! operating mode and said power

consumption mode.

2. The Battery pack according to claim 1, wherein said control

circuit includes a microcomputer.

3. The battery pack according to claim 1, wherein said detection
means changes a gain of the deteqtion down in said normal operating

mode.

4. The battery pack according to claim 1, wherein said detection
means changes a gain of the detection up in said power consumption

mode.

5. The battery pack according to claim 1, wherein said control .
circuit determines the operating mode is in the normal operating mode
if said current of charging or discharging is more than a predetermined

value during the power consumption mode.

6. The battery pack according to claim 1, wherein said control

Qe loas -~ 3
2312 1A%



8. The nethod accordi ng To ThHai-m—7—wher ei n changi ng a %@LRCEMW SHEET
detection down in rati ng node. di ing
to claim?7, V\herelﬁmw@ 'muﬂrgg of the det ectlon up | sai d
COI’ISUITptIOI’l node. ¥ od according to clai , 2nh )r‘g%
determ ning the operating node is in the_normal operatifgjnode if sai
current of charging or discharging is e than a predetterm ned val ue
during the power consunpti on node. "11. The net hod dccordi-rg—te—etarm
7, wher ei n. ddrenit degrminesophs aperat inggeodesi s Anithe &ﬁ!&ﬁérc%’&%aﬁb‘?'} Bedemnde

i f said Curr.wamc&h%&lmcmrgngc&aamaﬁrz%é%aetsbamaa dp ettt i hedl

val ue during the nor pnal

per at |
34 12 Vadugdyring ﬁgﬁ/e'f‘%rd“agygf’ﬁﬁ?%'d}gpf"f’g? ng: a battery powered

device electrically connected to a battery cell

battery cell;

at | east one battery cell; . detecti on nmeans

el ectrically connected to said battery cell for

7. A method for controlling a battery pack including at least one
battery cell and control circuit which is operating in normal
operating mode or power consumption mode comprising steps of:

detecting a current of charging or discharging said battery

cell;

dete'rmihing whether the operating mode is in normal operating
mode or power consumption mode in response to the current of charging
or discharging;

changing a gain of the detection in accordance with said normal

opératmg mode and said power consumption mode.

8. The method according to claim7, wherein changing a gain of the

detection down in said normal operating mode.

9. The method according to claim 7, wherein changing a gain of the

detection u.p in said power consumption mode.

10. The method according to claim 7, wherein determining the
operating mode is in the normal operating mode if said current of
charging or discharging is more than a predetermined value during the

power consumption mode.

11. The method according to claim 7, wherein determining the
operating mode is in th_e power consumption mode . if said current of
charging or discharging is less than a predetermined value during the

normal operating mode.

for operating fromsaid



detecting a current—of_di scharging said battery cell; a -
circuit electrically connec id detection neans HIUBEMCXTWF&?@HE@#

whet her the operatl Hm n normal operating node dr {power consunp
nmode .in response to 9 Bﬂ l”’” schar gi ng, wher@m A6 4999
det ecti on neans chanfes®a a e detection in accorjdgnce with said
normal operating node and said povver conSdnpti on node. T3 The. batteny
power ed system according to claim 12, wherein said contrjol circuit includds
a m crocomnput er. 14. The battery power ed system accordi ng to claimi2,
wherein said detection nmeans changes a gain of the detection down in said
nor mal operati h It &5 red systemaccording to
claim12, vvherieyﬁnrﬁs)gl (Titec’l'é‘f é’&%{ggﬁz gasﬁ:s ch '¥P'p'sm§ gal n of the detection up
in said power consubpttery mowered devige. elmrbeatlefr poposiiaski toya thatitery
accordi ng tqQql)aieg} Jgper\gtgqﬁglﬂ&,plsq,gq;gtrtg}ycbéppl t determnes the
operating node is In the normal operating node If said current of

di scharging i s norad dpast ene baktersicgdd: val ue during the power consunption

nmode. ' detection means electrically connected to said battery cell for

pN

detecting a current of discharging said battery cell; and

control circuit electrically connected to said detection means
for determining whether the operating mode is in normal operating mode
or power consumption mode in response to the current of discharging,

wvherein said detection means changes a gain of the detection
in accordance with said normal operating mode and said power

consumption mode,.

13. The battery powered system according to claim 12, wherein said

control circuit includes a microcomputer.

14, The battery powered system according to claim 12, wherein said
detection means changes a gain of the detection down in said normal

operating mode.

15. The battery powered system according to claim 12, wherein said
detection means changes a gain of the detection up in said power

consumption mode.

16. The battery powered system according to claim 12, wherein said
control circuit determines the operating mode. is in the normal
operating mode if said current of discharging is more than a
predetermined value during the power consumption mode.



17. The battery powered system according to claim 12,

circuit determ nes the operating—nbde is in the power ¢ nEEﬁ“hﬁG 0(l...0nde

¥
said current of di ol is |ess than a predeterm ne \Xaﬁ]'éwduri ng_ the
nor mal operating q_ﬂﬂ!i@"ﬂmumgattery charging systemicogpr neGrig99

| .

a battery chargings |1y connected to a battery cell for

charging said battery cell: at lea¥® one battery cel
detection neans electrically connected to said battery cell for d
current of charging said battery cell; and control. ‘errclit

el ectrically conneglef ¢ r3aldhe?slaTsiton MRBPFi dPtoimM 2 ABe MW b&Id t he

operating node is in_nornal ‘operating node or power consunpiion node in
response to comdredr céneuts dekargiings the opgrakisie, modeq ifet Bt A% HRWAS
Chgngesda gfi!éﬁlsgﬁip{m dRIRCLiOBAIa QAUELEFEANSE -3 dcha® B Mg NDE Mhésopliat i aig
node and sai

power consunpti op node ‘ 19. The.battery chargi ng system
accor di ng td"&ldﬁFﬁﬁ'B',"ﬁéggVﬁ ‘Q‘éi'agcﬂ}ﬁ P8rm%i)r°cﬁﬁr?ti'%|"b° 65 a 9ng Sy

m croconput er. 20. The batterychargi ngsyst emaccor di ngt ocl ai n8,
wherein said detection nmeans changes a gain of the detection down in said
nor mal operating node. 21. The battery chargi ngsystenmaccordi ngto claim

18, wherein sdi& detbattenn chengsng lsysdem compaiising: t he detection up in said
power consunption dmg@tery charging device electrically connected to a battery
cell for charging said battery cell;
at least one battery cell;
detection means electrically connected to said baffery cell for

detecting a current of charging said battery cell; and

control circuit electrical ly connected to said detection means
for determining whether the operating mode is in normal operating mode
or power consumption mode in response to the current of charging,

wherein said detection means changes a gain of the detection
in accordance with said normal operating mode and said power

consumption mode.

19. The battery charging system according to ciaim 18, wherein said

control circuit includes a microcomputer.

20. The battery charging system accord-ing toclaim 18, wherein said
detection means changes a gain of the detection down in said normal’

operating mode.

"'21. The battery charging system according to claim 18, wherein said
detection means changes a gain of the detection up in said power

consumption mode.



REPLACEMENT SHEET " 22. The batterychargi ngsystemaccordi ngt ocl ai m 18,
wherein sajd control circuit determ nes the operating mp@gu'\ .E'NTtm’E ot mal
operatingnode if sald current of charging is nore tharn 3 '

val ue during the in mode. 23. The |bdttery

char gi ngsystemcclmmumam”ﬂﬂmﬁr wherein said contrgl fci2duhtiGd89%r
the operating noder 1¢s ikn whes power consdfption node ijf {sai d current

charging is less than a predeternined value during thdg normal operating
mode. 24. - A battery charging device for chargingla_battery pack hayi
a battery cel Izz.samhha{{ﬁr RaG npelyideneabl &k 60 MT 8] WHRFBRA Isaid

i ndi cative of a maximum ¢ ar?;i ng .current and a maxi num chargi vol ¢ agz of
the battery. eentrodngiseupl datpiimioes: thenpprratinegodsi dsi diforthig: i ™22ai d
battery char gpéyatdaginodeCid®didtmndent of char@ngriisamirieothareapsedetermdaedvi ng

>
«Q

said informati on indicatjve of the maxigum C%?rgi ng current and the maxi num
char gi ng vol Y%E}ée ripg the PRFS: SANSUPPLIYUNMPPRY from said battery pack:
a variabl e voltage. source for supplying an out put voltage; a variable

current source for supplying an output current; and control neans for
controlling said variable voltage source and variable current source to
supply sai d owdput Theibattrryaehrngdnesystapasccending ke cdrigdted wheredn papdck
0 ?S not th@%ﬁQﬁ_ dbﬁsﬁicdiﬂaaktﬂfymmr QHaY tfﬂéfr&@'i‘? aRgds ai § ﬁﬁXitlﬁB”][pQ)héf'gi ng
vol tage, said variabhle current souyrce supplyi e naxi num curre rior
to said batt€PRSYRREEon AP ng Ta ﬁﬁ'é’de‘f‘@'ﬁpﬁg‘ﬁec?r}\go?'fad’&"ﬁhi'c‘h f%sﬁ egiéa'{)hﬁn
sai d maxi munpeddyigiradnyd|valge dundi renitHe vissrinalll epscdtiingemsdelr ce suppl yi ng
sai d nmaxi mum chargi ng voltage after said battery pack has reached said

pr edet er mi ned vol t age. 25. The battery chargi ng device according to
claim 24, wherein said conmunicati on neans receives a present voltage

transmtted fromsaid battery pack upon chargi ng.
24. A battery charging device for charging a battery pack having a battery

cell, said battery pack being capable of storing information indicative of a maximum
charging current and a maximum charging voltage of the battery cell and being
capable of communicating said information, said battery charging device comprising:

communication means for receiving said information indicative of the
maximum charging current and the maximum charging voltage of the battery cell
transmitted from said battery pack;

a variable voltage source for supplying an output voltage;

a variable current source for supplying an output current; and

control means for controlling said variable voltage source and variable current
source to supply. said output current and voltage upon charging of said battery pack
so as not to exceed said maximum charging current and said maximum charging
voltage, said variable current source supplying the maximum current prior to said
battery pack reaching a predetermined voltage which is less than said maximum
charging voltage and said variable voltage source sUppIying said maximum charging

. voltage after said battery pack has reached said predetermined voltage.

25.  The battery charging device according to claim 24, wherein said
communication means receives a present voltage transmitted from said battery pack
upon charging.



37 26. The battery charging device according to claim 25 “wherein said
control neans controls said variable voltage source '
source to svvltch betvveen a constant-current charge §
char ge. Hmm ,ﬂlumw”m g devi ce accor di -‘ ctatrm 26, Whérein
sai d control means ri able current scurce ?Aﬁgqggq t

const ant - current charge usi g Sai 8 maxi mum charging {c rr% t

battery chargi ng device according to claim26, wherejnsald-cont+ot
controls said variabl e voltage source to pply the tonstant-voltage
usi ng said maxi num chargi ng current. The batt ery—eharging devi ce
according to claim26, wherein a ar d vplta I d batter ck does
not exceed saf® mfhﬁhﬁ“%&?@’ﬂﬁ'@‘f%!c?%(jﬁorﬁﬁgﬁog %ﬁn‘g}f‘%{ﬁ'ﬁs\?lﬁf‘f‘é'ggficharge
i's supplied. me3fls contidls Fald %rléb@%l&g@%ddﬁw §|@d Ra6abIélicOgeitosdur@d 0 8Witch
wherein a char%ed current of said batte }é[cg ?s not exceed said maxi mum
charging curr® erﬁﬂéﬁopﬁ@“mﬁ"&ﬁl?a@%?% ?tg‘{é’ pge chafBe ed. 31. The

battery chargi ng devi ce accordi ng to claim 26, further conprising

l'ight-em tting_mnean ontroled saldcntrol ns such that n there

is a changeong- befraﬁgﬁﬁ?rﬁé %rgﬁ‘gt&réﬁice_@ﬁ?‘? Y %ﬁ'élrﬁg a‘ﬁ'&?"?ﬂesa'daco“%F

const ant - vol t g@ns kehesls salevariabi céfént tsodten®agUipplys theUddrethnEblrrent charge
using said maximum charging current.

28. The battery charging device according to claim 26, wherein said control
means controls said variable voltage source to supply the constant-voltage charge
using said maximum charging current.

29. The battery charging device according to claim 26, wherein a charged
voltage of said battery pack does not exceed said maximum charging voltage when
the constant-voltage charge is supplied.

30. The battery charging device according to claim 26, wherein a charged
current of said battery pack does not exceed said maximum charging current when
the constant-current charge is supplied.

31. The baﬁew charging device according to claim 26, further comprising
light-emitting means controlled by said control means such that when there is a
changeover between the constant-current charge and the constant-voltage charge,
the light-emitting means is turned ON.

32. The battery charging device according to claim 26, further comprising
light-emitting means controlled by said control means such that when there is a
changeover between the constant-current charge and the constant-voltage charge,
the light-emitting means is turned OFF.

33.  The battery charging device according to claim 24, further comprising
output means for selectively outputting the output voltage from the variable voltage
source or the output current from the variable current source and wherein the control



32. The battery charging device according to clai m26..f QNPEisSi ng

light-emitting neans controlled by said control neanssggﬂptglgm‘t_r\n\kg}n:ﬂhare
i's a changeover HeT”V\Te‘e—nThé‘CUns*t‘ant current charge afd

const ant - voltage emtting nmeans is urned OFF. The
batt'ery charging @ “MI@@ILO claim 24, furthe qorﬁﬂ wﬁtﬂg%t hU
nmeans for selectiv ycou puwnti & e output voltage fqormpthe variable
vol t age source or the output current from hhe vari abl ¢ current source apd
wherein the control means cAftrols the utg o~asd t 0
change an out put between the output vol tage and the out put current 34.

The bat t h ding t
Communi cat | on MR SOFE0R 05 SUlpup PRABRISCL B 0 FPaRde, AL AR PeFponh (g guiput

battery pack iRgeahatis 6@put cudent. The battery charging device according
to claim 24, wherein said predeterm ned voltage is 90% of a saturated
char ged voltage of said battery pack. 36. A nethod for charging a

battery pack Bavi nmh@bbwéryeharrgmgldemcéabdorbmgtt@mmmkvvﬂmemamapabl e of

storing information for a maxi mum charg current ar Lﬁqaf maxi harg ng
vol tage of t hECBELPIERIPBPANSIRECHES A" GHEeR EAPisA egy pack
i nformation, agérficHargiRgd conprising the steps of receiving said

i nformati on for the maxi num chargi ng current and the

35. The battery charging device according to claim 24, wherein said
predetermined voltage is 90% of a saturated charged voltage of said battery pack.

36. A method for charging a battery pack having a battery cell, said battery
pack being capable of storing information for a maximum charging current and a
maximum charging voltage of the battery cell and being capable of communicating
said information, said method comprising the steps of:
receiving said information for the maximum charging cumrent and the
maximum charging voltage of the battery cell transmitted from said battery pack;
supplying an output voltage and an output current to said battery cell; and
controlling the supplied output voltage and current such that the maximum
charging current and the maximum charging voltage of the battery cell are not
exceeded upon charging, the maximum current is supplied prior to said battery cell
reaching a predetermined voltage which is less than the maximum charging voltage
-and the maximum voltage is supplied after said battery cell has reached said
predetermined voltage.

37.  The method according to claim 36, further comprising the steps of:

receiving a present voltage during charging transmitted from the battery pack;
and _

controlling the battery pack so as to switch between a constant-current charge
and a constant-voltage charge.

38.  The method according to claim 37, wherein the maximum charging
current is used when the battery pack is charged by the constant-current charge.



maxi mum char gi ng vol tage of the battery cell transmtted fromsaid battery
pack; suppl yi ng an out put voltage and an output current to said

battery cell; and - ng e' suppl i ed out pu lgou agehéﬁl% .

current such that the ' current and the fakindm® HEET
vol tage of the batteryﬂmlﬂnﬁg Bm eeded upon chargifng, the maxi num
current is supplied pr attery cell reachinglajprZdeAls n999ed
vol tage which is | ess than the maxi mum ch%gl ng vol tagejanpd the nmaxi mumn
voltage is supplied after said battery ce has reached |sarapredetrermnihefl

vol t age. 37. The method according to claim 36, furthgr _conprising the

steps of: cei v a res nt voI a e dur ar fransmtted
from the batt®fy p-g !ﬂ‘?g rdrng Ry & Hbe%!ﬂ‘l"&f'g 6%919 950 as to
swi t ch bet weeybitag 6 W \Gedvihenlihe béﬁery bacrgs ohaﬂbea byahes teristantabltagechargy. ge.

38. The et hod according to claim37, wherein the maxi num chargi ng
current is used when the battery pack is charged by the constant-current
char ge. The method according to claim 37, wherem when the battery$9ck is39.  The

met hod accor d| n cI aim 37, wherein the i mum chargin used

when t he battenayg%ﬁe RGBT RIS, SIS bR PaP SnURlLBICh thabthe e

nmet hod aCCOthngéde&tbﬁeﬂbé?s?not\dxeéai ﬂheWibﬁ{mbth:hb@ﬁgafdjtaFde is charged by
ar ge,

the constant-current c the battery pack is controlled such that the
charged vol tage does not exceed the maxi mum chargi ng vol t age. 41. The
met hod accor ding t PhemethdZécordingte cainM3zwhéreinhwhidnethy baterk pask is

charged by the constant-voltage charge, the battery pack is controlled such that the
charged current does not exceed the maximum charging current.

42.  The method according to claim 37, wherein the baftery pack is

controlled such that the charged voltage does not exceed said maximum charging
voltage in the case of the constant-voltage charge, and the charged current does not
exceed said maximum charging current in the case of the constant-current charge.

43. The method according to claim 36, wherein said predetermined voltage
is 90% of a saturated charged voltage of said battery pack.



charged by the constant-voltage charge, the battery pack is controlled such
that the charged current does not exceed. t.he.maxi num chgfg-Rg—ciltent

42. The nethod according to claim37, wherein the baItEHHEPhAB&MEN§ SHEET
control I'ed such that the charged vol tage does not exceed
charging voltage in the case of the constant-voltage charjge Rﬂ tﬂ
charged current does not exceed sald Mmegigmum char gi ng gurlr ?a G §9c159
of the constant-current charge. ?he met hod aCCOFdI“ to-claim3

wherein said predeterm ned voltage |s 90% of a saturatqgd charged voltagé of
said battery pack.
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BATTERY CHARGING DEVICE, METHOD FOR CHARGING
BATTERY PACK, AND BATTERY PACK

ABSTRACT

There is disclosed .a battery charging device for
charging a battery pack having a battery cell, the battery pack
being capable of storing an information for a maxiﬁum charging
current and a maximum charging voltage of the battery cell and
communicating the information with the battery charging device,
which includes a communication means for receiving the
information indicative of the maximum charging current and the
information indicative of the maximum charging voitage of the
battery cell which is transmitted from the battery pack, and
a control means for controlling charging current and voltage
upon charging so as not to exceed the maximum charging current
and the maximum charging voltage of the battery cell. Fﬁrther,
in accordaﬁcé with the present invention, there are disclosed
a method for charging the battery pack,‘and'the battery pack

capable of being mounted to various electronic apparatuses.

Figure 4



