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TITLE OF THE | NVENTI ON CHARG NG. METHOD, . .CHARG NG EQUI P j"mmwm TED
CIRCU T TECHNI CAL FI ELD The: pkes€nt iisaventjon, relates to t hod

and chargi ng equi pnent for sscondary batteri'es and an i nt egratgde« Circuit
used for its charging control, and nore particularly to a chargi ng method

and charging equi pment suitable for applying to secondar i ch
require constant-voltage charging such as lithiumion ba ”mmmum“HM‘mrh

li ke and an |ntegrated circuit usBESERFPTI@ charging control . g4

- ART Conventian for secondary batteries which are able to be charged
and requ?FE Eo Etﬁﬁ@ harglng lithiumion batteries are

e et g i IR

char gi ng e vs. elapsed tine of a general lithiumion
battery, Tﬁﬁﬁﬁ %% ﬂﬁ%?glng Is carried out wwth a charging current- | set as

a constant currept hrosehbedvidd R %1<afte%h%ganeh5ﬁ§ihgtrh@tma L&y
vol tage reaches a specified potential. Carrying out t constant - current

char gi ngchaggeag esq@i fidi€rdory PedcagilaYyapdt¥beies | in@xEeeifeayrared f i ed
val ue, charging is changed over to constant vol tage charging. In this
event, felirexagpheedvidt ags Hhredngeepatdony 4084 badie yamoldiger Mhaip t he
Iithiun1ion battery 1is fully charged (that is, 100% charged) is suppli ed.
Carryi nga obarging metristdrand ahisagea nghaggipgenbaswesabhe tort pphyiion 1

to secondary batteries which require constant-voltage charging
such as lithium ion batteries or the like and an integrated
circuit used for its charging control.
BACKGROUND ART

Con&entionally, for secondary batteries which are able
to be charged and require constant-voltage charging, lithium ion
batteries are developed. This lithium ion battery is charged
with the characteristics shown, for example, in FIG. 1. FIG. 1
is a characteristic diagram of charging current/voltage vs.
elapsed timé of a general lithium ion battery, in which charging
is carried out with a charging current I set as a constant
current from the initiation of charging until the battery
voltage reaches a specified potential. Carrying out this
constant-current charging increases a battery voltage V and when
it exceeds a specified value, charging is changed over to
constant-voltage charging. In this event, for example, voltage

V; corresponding to battery voltage when the lithium ion battery

is fully charged (that is, 100% charged) is supplied. Carrying

out this constant-voltage charging charges the lithium ion



Ce e e Ce e e e battery, causes the battery voltage to
rise to voltage V1, but as {his-ghasg-ng.takes place, the charging current
| decreases. Now, when this:chargiing *curyens.;l decreases to a specified
value, it is judged that thedthi‘Um‘i.en Battéry is 100% charged (or
charged nearly to 1009, and supply of charging current is stopped.
Charging in this way allows the lithiumion batLery Bo bioggf!C|$RFly
charged to 100% Now, the lithiumion battery charged to oin i s way
may gorre A ETYay EURESC hAPaRREFPEY i VRLERISR QD TSEd Hey VOREageh¥r gi PR

condition thereafter. That is, if the voltage V1 corresponding to battery
vol t age \@ferthtise chaggilom takedaplaey, ithe falldngisimcyedens Sodetaaabys.
applied to the 100% charged |ithium ion battery fromthe charging

equi pmrentNoXy whengithdsyehprgéngngursemt | I slpdsieases giong sperafaaded! y
carried out, the charqin condition can be nmaintained tqQ nearly 100%
condi ti oY wikers Hggsdi £hag 'fh%li]s’c%‘ﬁ‘é.l%méﬁﬁwﬁénlgﬂéhch%%@ _

9 ondi_tion_continue he.lithiumjon batter econes characteristics
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deteriorg&g&,%@e characteristics as a secondary battery. In order to
prevent cha BCtéristics deterioration due to the continuation of the 100%

char ged condi {1 0B n§QRPLE: s SAPPRI 1WE A 1AL ARRY 20000 Lhe

charging capacity 1s~ assuned, hi's resul'ts I'n Inconvenience
capaci ty pePeggaceentiyvachgegadary b@gdery is not effectively utilized. Wen
tenperature of the bayfery itself rises, the 2
Now, the lithium ion battery charged to 100% in this way
may sometimes have the characteristics deteriorated by the

charging condition thereafter. That is, if the voltage V;

corresponding to battery voltage when the lithium ionvbattery is
fully charged ié constantly applied to the 100% charged lithium
ion battery from the charging equipment as charging voltage and
small-power charging is repeatedly carried out, the charging
condition can be maintained to nearly 100% condition even when
there is self-discharge. However, when such nearly 100%
condition continues, the lithium ion battery becomes
characteristics which tends to gradually reduce the chargeable
capacity, and eventually deteriorates the characteristics as a
secondary battery.

In order to prevent characteristics deterioration due to
the continuation of the 100% charged condition, for example,
stopping charging at about 90% of the charging capacity is
assumed, but this results in inconvenience that the capacity
prepared as a secondary battery is not effectively utilized.

When temperature of the battery itself rises, the



oo lithiumion battery has a di sadvantage that the chargeable _
capacity decreases and battery, eharagtesi stics rapidly deteriorate, and it
al so has a disadvantage that:it is:nat*-.grefrtable to be charged to the
full charging level with the -.bat.f éry .t€Mperature i ncreased at the tinme of
chargi ng under the sane conditions as those free of tenperature rise. As
descri bed above, it is when there remains scarcely charged voltage in the
Iithiun1hon hattery to carry out constant-current charging at first and
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called pre-charging at the start of charging, the batte tage,

at that thie t6ndetecheths abdd & remmitBapeehtage pisdhe battery is
detected. FIG 2 shows one exanple of a circuit configuration of a

conventional chanrgi agsegibpdedtiovd) ciit danwheh’ yhewbt t6Raifsescidding, in

which to one end on the secondary side (primary side is omtted) of a

swi t chi nghargedf vohtagéd imathe dnpdsiesn tibe bawkéechi g pavey cupply, the

anode of diode 2 is connected, and 3 .. ... .. ... .. .
constant-current charging at first and then change over to
constant-voltage charging to charge the battery, and when any
voltage remains in the battery, it is necessary to carry out
constant-voltage charging with the charging current reduced,
thereby preventing deterioration of characteristics as a
secondary battery resulting from rapid charging by large
current.

Consequently, before charging is started, the condition
of the battery to be charged must be detected and the remaining
voltage must be detected. 1In order to detect this remaining
voltage, charging is carried out with a small current called
pre~charging at the start of charging, the battery voltage, etc.
at that time is detected, and the remaining voltage of the
battery is detected.

FIG. 2 shows one example of a circuit configuration of a
conventional charging equipment which can carry out the
pre-charging, in which to one end on the secondary side (primary

side is omitted) of a switching transformer 1 that composes the

switching power supply, the anode of diode 2 is connected, and



e e e e e s e t he cathode of this diode 2 and the
other end on the secondary gide-of--a:tragnsformer 1 are connected with a
capacitor 3, and direct curTeht'pOmar'SuppHyaof a specified voltage is
obtained by rectification by.di-adé.-2.arid.enodt hi ng by capacitor 3. The
cathode of diode 2 is connected to one end (positive electrode) of a
secondary battery (lithiumion battery) 4 loaded to this charging

i i i d._cl osi itch SW, dth th
Chegat vena Satnoas, o6t Coipcafeld f i dr oPher,SPd bBnkbe  SHOPBARE of her
end on the secanda si.de_of %he swi t chi ééran former _1..1ln parallel to
t he openﬁﬁgéh % ac%ﬁéPﬁg°£ﬂ?fc %ﬁﬁ”c%PQﬁég% wait cﬁi?aggﬁbF?gi o] N openi ng
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cirouit Gy FaktigaRkiobnChy idde & ihd UMREEHAN PyStsBag;pBENG! that the

power supply is romthe secondary si ching transforner 1

and is operatedrhe bRikhoBEVWSE §uHELY2? ANEINE RN b0bnel EAYI {pbSitive
designed to detect the condition of the secondary battery 4 by ~some nethod

not il uslleatteddel)obfexasptendgey asdd ol 10ahtiany ioMObhegety) TO B¥ddad n
the control by the control circuit 6, at the start of charging, the switch
SW2 i s helod thlissetargtineedihiépment tvia S0l dpeniegdaafeslokerpi i tdie
switches in this condition allows the power supply to be fed fromthe
secondar pWdi,dendf thewptbai ngnd r credatrivwe el enitiriodeheofeshss osedomdamect ed t o
the secondary battery 4 in series, reduces the charging current to be fed
to the s®&d@aYy4bast eppnached mieths athen end eauthe pycgndary side of

the switching transformer 1. 1In parallel to the opening and
closing switch SW1, a series circuit comprising an opening and
closing switch SW2 and a resistor 5 is connected. .

In this event, opening and closing of switches SW1 and
SW2 are controlled by a control circuit 6. This control circuit
6 is connected in such a manner that the power supply is fed
from the secondary side of the switching transformer 1 and is
operated by this power supply. And this control circuit is
designed to detect the condition of the secondary battery 4 by
some method not illustrated (for example, detection of battery
voltage).

To explain the control by the control circuit 6, at the
start of charging, the switch SW2 is held closed, while the
switch SW1 is held open. Keeping the switches in this condition
allows the power supply to be fed from the secondary side of
switching transformer 1 with the resistor 5 connected to the
secondary battery 4 in series, reduces the charging current to

be fed to the secondary battery 4 as much as the loss caused by



this resistor 5, and allows pre-charging by small current to take place..
And under this pre-charging geneistionges-he. battery condition such as
battery voltage of the seconﬁary attefy'AnGL the like is detected by the
control circuit 6, and if the«dbtbbidd-Lndition is judged to be the
condition with little remaining voltage that allows rapid charging, switch
SW. is held closed, smﬁtch SW2 is held open, charging current is supplied

t th d b tt th t th diti f f
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on are sy@d thab §BeqeHERERl MR Uk oMU eS3edik062 affREE VYRbUe. In this
way, configuring to provide a plurality of paths for accommodati ng the

char gi ng dettecest asfdieivarys t NdgdRrd e thiel contiteonawiyhOlittle
pre-charging results in conplicated configuration of the charging equi pnent

as much aethadadiayi voleage abhatcalivess eraped Ahaagdonf,i gwiathoswdf ignodher
chargi ng equi pnent for enabling conventional pre-charging, there is one
W th thechseduiSWibqhi§w2ai$ohekduﬂpeﬂﬂ1dﬁa3gimg torrketcasesoppled to

circuit, the cathode of diode 2 is connected to one end positive
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this charglng equi pnent via an_opening/ 5 ..
ree of loss, and rapid charging by 1arge current is begun

Now, FIG. 3 shows the charging characteristics when
switch SW1 is turned on and those when switch SW2 is turned on,
indicating that comparatively large current is allowed to flow
at a given voltage as charging characteristics when switch SWl
is turned on. The charging characteristics when switch SW2 is
turned on are such that the current value is suppressed to a
small value.

In this way, configuring to provide a plurality of paths
for accommodating the charging current and to vary the charging
current to carry out pre-charging results in complicated
configuration of the charging equipment as much and constitutes
an inconvenience.

As a configuration of another charging equipment for
enabling conventional pre-charging, there is one with the
circuit configuration shown in FIG. 4. In the case of this
circuit, the cathode of diode 2 is connected to one end (

' positive electrode) of the secondary battery 4 (lithium ion

battery) mounted to this charging equipment via an opening/



C e e e e e . closing switch SWB, and the other end
(negative el ectrode) of th|9-seoondanyubattery 4 is connected to the other

end on the secondary side of the.smrrchvng,t:ansforner 1. And opening and
closing of the switch SWB arb.tbnflfal'lled .8y & control circuit 7. This
control circuit 7 is connected in such a manner that the power supply is
~fed fromthe secondary side of the switching transfornmer 1. And this

trol t d d to detect the condition of the secondary
bat tery g%‘éé‘,hgoﬁ{ﬁmﬁs'v%ﬁ‘ﬁoqnq R e “pflolnesshive. chereceich N

pased on'TRE BErerdBay CARETbn oGOV BoEeR EPntbReotBR o cOnAME on of
switch S ohaarga}ﬂaén&f%ﬁ@ e EgRBEhegny ¢ charging, ete,)

switch IS C I'nuously ncarrying out pre- charglng

with small curregphqg esgg;ﬁ\g a0l Elesing oY chd E%Et&ﬁ\/%w@ ! £rL COGHLAM Yoq

carried out. That 1s xanpl e, as sh en precharging is

carried gyt gabohBfostdtc@it Thamt iR corOiFeobcditt £h SV dapaafed to
intermttently supply a specified current value I to the secondary battery

4, and guenagem&naegi figa€ W Power Ispp19disbEbATE Aemabditsddihdaqndi ti ons
in which pre-charging Pre is able to be carried out by small curreént. Wen

pr echar gsiidei of sthé céeilt¢loimy dirmarsforuear gi.n(gAndAWEhEs MBSl citduitous! y
hel d cl osed, and charging by the specified current value I is continuously
carri ed aatdepignefiarqidrtagt ititeemundidriony ofpthe ngeaondatp SHatgdrhi st

swtch in this way enabl es both ordinary charging and pre-charging only by
instal | i By eABeshetlked mok Bhklusteatiad (dpreexample, detection of

battery voltage), and opening and closing of switch SW3 are
controlled based on the detected condition.

Now, to explain the control condition of switch SW3, in
carrying out ordinary charging (rapid charging, etc.), switch
SW3 is continuously held closed, and in carrying out
pre-charging with small current, opening and closing of switch
SW3 are repeatedly carried out. That is, for example, as shown
in FIG. 5, when precharging is carried out at the start of
charging, ON/OFF of switch SW3 are repeated to intermittently
supply a specified current value I to the secondary battery 4,
and average charging current is lowered, bringing about the
conditions in which pre-charging Pre is able to be carried out
by small current. When precharging is switched to ordinary
charging, switch SW3 is continuously held closed, and charging
by the specified current value I is continuously carried out.

Pre-charging by intermittently opening and closing this
switch in this way enables both ordinary charging and

pre-charging only by installing one switch, but at the time of



pre-charging by OV OFF of this switch, the peak current when opening and
closing of the switch are changed-oveﬁukSu transmtted to the contro
circuit 7, and there is a hight DOSS:brIrty.tn adversely affect operation
of the control circuit 7. Conseguiont ko’ “pr’e-thar gi ng by repeating OV OFF
of the switch in this way is not preferable. Another problemis an error
in detection of battery voltage in the battery charger, and there is a
case in which the errorg terlo es the battery characteristics. That is,
FIG 6 sﬂﬁﬁscBﬁEgéQEnBY RfORT, @ ﬁé’Pgﬁ FGECEmt EBF BEAKI EHEFERRAMae
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lithiumTon battery to gradual I’y reduce “battery vol tage

di schar g¢.or céhsehaesely o \31 ing b§UirbpebeYhgt 68/ GHRT G NEh& idibitidh 1 S
set to restart charging en the battery voltage reaches a predeterm ned

vol t age YA. thBsppageis hadvt theefehrangieng circuit detects this battery voltage
V2 at timng t2, then, charging is restarted at this timng t2, and the

battery vol tage RnetBengarobksn siwwn wirtdorchar detectsdhcof \ateshy evi ng the
fully charged condition. . By setting in this way, the battery voltage is
abl e to voltage in the battery charger, and there is a case in which the
error deteriorates the battery characteristics.
That is, FIG. 6 shows one example of the charging
control condition when the conventional lithium ion battery is

100% charged. For example, suppose that a lithium ion battery

with voltage V; when fully charged is charged and the battery
voltage of this battery reaches V; at a certain timing t;. 1In

this event, this lithium ion battery is judged to be fully
charged and supply of charging current ié stopped. Stopping
charging causes the lithium ion battery to gradually reduce
battery voltage due to self discharge or discharge to the load
circuit.

Now, the charging circuit is set to restart charging

when the battery voltage reaches a predetermined voltage V.

Suppose that the charging circuit detects this battery voltage
V, at timing t;,, then, charging is restarted at this timing t,,
and the battery voltage rises again as shown with characteristic
Vx, achieving the fully charged condition.

. By setting in this way, the battery voltage is able to

be held to the voltage close to full charging. Now the lithium



be held to the voltage close to full charging.. Now the lithium 7

: 08. ,°*, cekOrebaidecky o s constantly charged nearly
100% by bringing the voltage ¥2°ip testart, icharging to a voltage val ue
extremely close to the battesVy'.wbledge Vi.*when ful ly charged, but since
achieving this state accelerates deterioration of the battery, voltage V2
to restart charging shall be set to the voltage slightly reduced fromthe
battery vol

V1 when full harged t N | nj ng, bat
Vol t ago LOMVAFSERRY ALE G tRR A GEATORE BBYE Y oL O | NG RIGNEFHES dicon of
he b j Lp.t I detection.circyit wt
conpar at ToRFISEi Ty Eiedan: shrsaBa ¥ ¥ NEHd ety Sxetpely:
charger, it is difficult to constantly accurately detect. voltage V12, and
an err orci\‘?/s? st e hadeny Med tagte i BheR afwlely shanged,oPutge1ntkBw, as

shown in FIG 6, if a voltage higher than actual setting by the error AV
i s j udgedchbewing Hehimlatage aetelieratgst deveridrabion evfy the hatteny,t he
fully charged condition nore quickly than the originally set condition
condi t i oKobYagdafadtcerestastyeiagging shlk e st thee thehaodtaeei stic Wy
shown with broken Iine, and deterioration of the battery characteristics
i s accel elagktly lredudtid iforom when bakeesgcooilaaye baf vhey falthacgetgdd ful
charge and charging is stopped, depending on the condition on the battery

charger gbdg116We¢Ie ifort GASRY batWRrghvel 8653186 vaHy IaNta ice@ener ated from
the secondary battery to the battery
range, thereby preventing deterioration of the battery.
However, in general, in the voltage detection circuit
with comparatively simple configuration built into this kind of

battery charger, it is difficult to constantly accurately detect

voltage V;;, and an error AV is generated in the detection value

of the voltage. Now, as shown in FIG. 6, if a voltage higher
than actual setting by the error AV is judged to be the voltage

. Vi(timing t,'), the battery returns to the fully charged

condition more quickly than the originally set condition (
condition by characteristic Vx) as in the case of the
characteristic Vy shown with broken line, and deterioration of
the battery characteristics is accelerated.

In addition, when the secondary battery is charged to
full charge and charging is stopped, depending on the condition
on the battery charger side, there is a case in which discharge
current is generated from the secondary battery to the battery
charger side, and in such event, charging of the secondary
battery is restarted in a short time, shortening the frequency

to carry out charging.



charger side, and in such event, charging of the secondary battery is
restarted in a short tinme, spo[teningethgefrequency to carry out charging.
8 ! D SC.OSURE sOF  THE J.NVENTION I n view of the
foregoing problens, it is thesfinsfes"obj’det’ of the invention to effectively
utilize the battery capacity without deteriorating the battery. The second
object is to detect the battery condition in a sinple construction aﬂd
accurately upon charging. The third object is to effectively charge the
battery Dif@#hﬁHR%épgﬂ? ANVEYTIRY battery even if there is any detection
error in the batjery.condition.. The f.ourth ject is to prevent wasteful

di scharge from i'ﬁe%s% ochfdat?tig bfﬁrte&%}nignpfﬂgﬂa@?ry”éh]a? c%rﬁfltt i on of the
secondar ery...rhe fjrst. inyenti ' chargin t hod .t o _change over
t he vol t%%ig%%pégetcp %]glr{‘{]erenscslé)élong)aie;gggﬁ ‘e’%ytl?)tﬁfé ser%ben at\}:c?lrtyage | ower

t han thQc%%£§%gyQ&féﬁghéMHE%éﬁl%E%EEggcEﬁéeﬂ%tié:%ﬂEteCted during charging

by appl yi first voltage to t secondary pbattery and the first

chargi ng currentrgoré&snedBuect Ast e Aeabky £H: | Yatb@rpad&ondidd am of
the said secondary battery i's detected in the charging nmethod for charging

the secansafyldaddmtyrudt ih iandc haegedtbyy copsh ashangildqage charging, as
well as to change over the voltage application to that of the first
vol t age when t heTlerrtleitd exXciedi g the efdecondvebarghage cilg eiittery
corresponding to the specified remaining battery voltage
without deteriorating the battery even if there is any detection
error in the battery condition.

The fourth object is to prevent wasteful discharge from
the secondary battery in the fully charged condition of the
secondary battery.

The first invention is a charging method to change over
the voltage applied to the secondary battery to the second
voltage lower than the first voltage when charging current is
detected during charging by applying the first voltage to the
secondary battery and the first charging current corresponding
to the nearly fully charged condition of the said secondary
battery is detected in the charging method for charging the
secondary battery which is charged by constant-voltage charging,
as well as to change over the voltage application to that of the
first voltage when the current exceeding the second charging
current corresponding to the specified remaining battery voltage
is detected, with the second voltage applied to the secondary
battery. By this charging method, only when the remaining

battery voltage lowers to the specified value, the battery is

charged to the fully charged condition by the first voltage.



is detected, with the second voltage applied to the secondary battery. By
this chargi ng nethod, only whepesthers eraim g battery voltage |lowers to
the specified value, the bat¥ely®is stHakttad.l0 the fully charged condition
by the first voltage. 9 96! %s"“ss’ B+ 0ea88e¢’0 ¢ Consequentiy, after the
battery is once charged to the fully charged condition, charging to full
charge is repeated every tinme the battery lowers to the specified

i ni bat t | t d.th d baj t diti b
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i nvention uses fhe same current lue for the sald second chargl ng“current

and the galidchingl €Hakme LMY 11y BhhhRgeahabfl ngi gkt Nogh agcangi ng to
the first invention. According to this charging nmethod, charging condition

can be sHfeesshd| | ecandd alhedechifl WidiltdgenYewbirophas €hé&hgf g net hod
according to the first invention designed to detect tenperature inside or

in the vbttageyisfapphkiaditb sdwohdateriyabkeept wahentchahghgs @y ethid he
application of the said second voltage to the application of the third
vol t age &Rlihehabgentis atareiers outhe tde getpndaryndathery seeamek vol t ages in
pl ace of changing it over to the said first

continuously brought to the fully charged condition, and

deterioration in secondary battery performance caused by

continued fully charged condition can be prevented.

The second invention uses the same current value for the
said second charging current and the said first charging current
in the charging method according to the first invention.
According to this charging method, charging condition can be
successfully controlled. |

The third invention is a charging method according to
the first invention designed to detect temperature inside or in
the vicinity of the said secondary battery, and to change over

the application of the said second voltage to the application of
the third voltage of the potential across the said first and the
second voltages in place of changing it over to the said first.
voltage when the detected temperature exceeds a specified
temperature. According to this charging method, it is poséible
to suppress deterioration of secondary battery performance

caused by temperature rise.

The fourth invention is a charging method according to

10



vol t age when the detected tenperature exceeds a specified tenperature.
According to this charging net Rod..i t..i s..possi.bl e to suppress .
deterioration of secondary baﬁte&y-b@rfbﬁngnqéi:caused by tenperature rise.
The fourth invention is a chargimg:nethad*ageording to 10 .. ... . .... ..
e e e e e . . .. .12, .. .~ .. .. . . the third invention designed to
continuously change the said third voltage inhaccoLdanpe mﬁt?htge ] .

t enperat yure tegted as . aboye.. According tqQ this_charging nethod, charging
cogProI gé8rgg§5 nﬁ?ﬁ%nY%P?e§%ﬁﬁ%ﬁqﬂw§q §%P§&8PSBF}YC%P?P%% Bhe .saik fifth
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over theco!‘%&?ﬁﬁdﬁﬁ Iw%érﬁgéf@ca@ 452508 g%xf@&ﬂ%&}g ¢ he second

vol tage | ower an the said first voltage Speci vol t age

correspondi ng t orhBerneeR | ¥ndahd tShar0g %h%&giﬁghheﬁhoéaw gecandan,

battery is detected, and at the sane tine, t ange over to application

of the sbadtérystolbagayer Wieh suidRecohtasyChat8bhg Wi 1&Mhd %198} a¢ed
with this second voltage applied to the secondary battery. According to

this chasgidgsecendady baterdmt tar yappdydhar ghd forseardyrdge lacdridadst at e
only when the remaining battery voltage lowers to a specified vayue.
Consequeh®| yhe oplar ain@methdd cthahgedetontheyf battehangeess athmrgiokar gi ng
to the full-charge is repeatedly carried out every tinme the battery

remai ni n§2YBF t BYECE dNe reonst an tspyeditigedchargéng, to change over the

voltage applied to the said secondary battery to the second
voltage lower than the said first voltage when a specified
voltage corresponding to the nearly full-charge state of the
said secondary battery is detected, and at the same time, to
change over to application of the said first voltage when a
specified charging current is detected with this second véltage
applied to the secondary battery. According to this charging
method, the battery is charged to nearly full-charge state only
when the remaining battery voltage lowers to a specified value.
Consequently, once after it is charged to the full-charge state,
charging to the full-charge is repeatedly carried out every time
the battery remaining voltage lowers to a specified value,
thereby maintaining the secondary battery condition constantly
to nearly full-charge state, and at the same time, because
except when this charging to the full-charge is carried out, the
secondary voltage lower than the first voltage is applied, the
secondary battery is not continuously brought to the full-charge

state and thereby deterioration of the secondary battery
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t hereby maintaining the secondary battery condition constantly to nearly
full-charge state, and at the sams.tise,..because except when this charging
to the full-charge is carried xna,-iheizee@OQQQLy vol tage | ower than the
first voltage is applied, the .g€condary..bajttery is not continuously
brought to the full-charge state and thereby deterioration of the
secondary battery 11 .. .... . ... .. . . . . . . . per f or mance
caused by continuation of the full-charge state can__be prevented. The

si xt h i nR&REFMansee; cangedi Ry FethiauattR dhdheo fuldechargr FRAERL TRM
wherein Hpe %%g]i ation of the said second voltage is changed over to the
appl i cat i*6h B B%5Fhi rd voltage of the potential between the said first

and L e $20nd VOlRUSS e LARERELCR! 16 B e QU BRRLASEY 8RO ! he

said first voltage whén erature mns

secondary gty §iSvAatechelnapdih end Usol et Pk HEe L3 aase 3888 T ed

tenperature or higher. According to arging netho i S possi bl e

to favor aRJit entisokbnhige8navel Ndo St CapgiR AN E kR¥ERKiCA {S1fage
chargi ng nmet hod according to the sixth invention designed to contlﬁaously

change t ke sded poitlentd alobbegeeh Nt Bé Coa I W st hed emaesatbha d@i@&%@@l as
above. According to this charging nethod, it is possible to favorably

control chapdiaee of abhaagdnyi ib dver tesneEtiviothe feicght Baiaventéen is a
charging net hod designed to detect the potential across one end and the

ot her endadftagie saAvenchemgersansef bns tdatomlin ndestvdrctindng sfophefsasigppl y of
the charging power supply to the said secondary battery or the potential

across orsecondagiydbaksesyher dateoted mndding siedecdedy temperature is a

specified temperature or higher. According to this charging
method, it is possible to favofably control the charging state.

The seventh invention is a charging method according to
the sixth invention designed to continuously change the said
third voltage in accord with the temperature detected as above.
According to this charging method, it is possible to favorably
control charging in accord witﬁ the temperature.

The eighth invention is a charging method designed to
detect the potential across one end and the other end of a
switching means for controlling start and stop of supply of the
charging power supply to the said secondary battery or the
potential across one end and the other end of the said secondary
battery with low-voltage charging power supply fed to the said
secondary battery in the charging method for charging the
secondary battery which requires constant-current charging at
the start of charging, to turn on the said switching means based
on this detected potential, and at the same time to start

charging to the secondary battery with the charging power supply

12



battery with | owvoltage chargi ng power supply fed to the said secondary
battery in the charging nethod.fokr.chargi.ng..the secondary battery which
requires constant-current chargiinge.at :thesot drt of charging, to turn on

t he said sw tching neans based..'dr.this..detgected potential, and at the sane
time to start charging to the secondary battery with the chargi ng power
supply 12 . . . . . .... to be fed to the said

dary battery designated. as ecified potential. According to thi

ehar i ng tRePRodeY; £5; the 2akd e qustatyn BT et oIS RAPRRERS ABahs and Lo

detect th d bat t dit. b d t he.det ect f. th

Cot ont i arpecigagd Ratenfiafl A RdinY £on thr s Rre GG RS ekl ¢ he
tenti : ther t tery,

P oer aby BoREHBIE £0°COAL BTG Ad B N eBhs Bfiq PECROCALY ARLISTY:

|0 the casgofhiat)erapEypAlOitlcid ot 8h"Ine (AOREGLESh dr die!s Possible

to accurately defect t secondary battery condition wthout providing a

char gi ngpogkhedhl 882653 brebdL a enehakabRdealdotOrhi P fdchfify circuit
configuration of the charging equipnent. The ninth invention is a charging

met hod ameandi 8¢ the p&eert il adrveenionenedashgfedhéootBer dehd &6 wfd ect
transistor as the sald swtching nmeans, to increase the inpedance across

one end sedohbergt baettenyl, ofhdtelsy fenalbd iehf acturasasdetoctiamb s tihalet ect
the said potential. According to this charging nmethod, only carrying out
t he i npedancadacHtbattefy t¢enditwiah asf fiacther aasesodrthetcomsverosisirdle to
easily detect the secondary battery condition, and at the same time to
reduce tREErEB3rgings heConeRIYlabt itr 48sPEEBLDLEG ehowhePu e biatdatget

vol tage of the . . ;s .
the secondary battery condition without providing a charging

circuit specialized for pre-charging and to simplify the circuit
configuration of the charging equipment.

The ninth invention is a charging method according to
the eighth invention designed to use a field effect transistor
as the said switching means, to increase the impedance across
one end and the other end of this field effect transistor, and
to detect the said potential. According to this charging-
method, only carrying out the impedance control of the field
effect transistor, it is possible to easily detect the secondary
battery condition, and at the same time to reduce the loss of
the field effect transistor even when the battery voltage of the
secondary battery is low or shorted.

The tenth invention is a charging method according to
the eighth invention designed to keep the potential of the said
charging power supply when the said potential is detected to the
value in the vicinity of the lowest required voltage for

controlling the said switching means. According to this
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secondary battery is |low or shorted. The tenth invention is a charging

met hod according to the eighth. i.avention. desi.gned to keep the potential of
the said charging power supply iwhenr the-sgd-gdipotential is detected to the
value in the vicinity of the I'oMést® nequi.ted valtage for controlling the
said swi tching neans. According to this 13 .. ’

1. . . . . . . .. . charging nethod, it is bbééibie.ib déteét.the...
d bat t. ition.with t I t | t char gi.ng power supply
fod to Ehatoeommatiolia teri efhr ID Qe ce et EecorrodRacenortiont of

. i 1 Nj | lied h
battery. Sadankaoh; FEtn thd ddfed | Pafe el 8Rns" Pk aipyharra s
: cvt U . ey
char g ng 'he; FaoRATPERLFY MR o it (BB 18R BYERLL 0 ¢
potenti aknaf sbhendaty p&beE By NG PPWae SRR &oaectsggl%aht@ntméwrease of

the potential across one end and the other end of sal d secondary

battery gbtendhlt¢ Bhetérpfahdecisadidh chang A8 wAIeORdi B8 §8c&bi sthehar gi ng
method, it is possible to nearly uniformy hold the electric power applied

to the seetohdagynbadsergnelédtt scal Srateossiderethe habeérabeeswi t ching

nmeans to a favorable condition. The 12th invention is a charging nethod

accor di ngondithen.ei ght h i nventi on desi gned to change and increase the

potential of the said charging power supply in a plurality of stages in

accord with an i Fbeeddthoinvert pon eif ialchengisy owsheddaaadrdherg oo hiege end

of the secondary battery after the said charging ) -
eighth invention designed to raise the potential of the said
charging power supply in accord with an increase of the
potential across one end and the other end of the said secondary
battery after the start of the said charging. According to this
charging method, it is possible to nearly uniformly hold the
electric power applied to the switching means, and it is also
possible to hold the switching means to a favorable condition.

The 12th invention is a charging method according to the

eighth invention designed to change and increase the potential
of the said charging power supply in a plurality of stages in
accord with an increase of the potential across one end and the
other end of the secondary battery after the said charging
begins. According to this charging method, it is possible to
nearly uniformly keep the electric power applied to the
switching means, and it is also possible to keep the switching
means to the favorable condition. In this case, since voltage
is allowed to be varied in a plurality of stages, a simple

control is only required for the voltage circuit.

The 13th invention is a charging method according to the
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begins. According to this charging nmethod, it is possible to nearly
uniformy keep the electric power..appliad.tQ the switching neans, and it
is al so possible to keep the gwiit chiing: s-wednsit.o the favorabl e condition.
In this case, since voltage is.*aklowed..to‘he vvaried in a plurality of
stages, a sinple <control is only required for the voltage circuit. The
13th invention is a charging nethod according to the 14 .... .. ... .
ei ghth inveptjon desjgned to |ower the poteptial of the said charging
power suﬁbge,thv\h’é?\e’ﬁ O%:ﬂecf’Jrﬁﬂe\gfttioalqol‘“’grdégﬁci"éﬁ?n'%alt% KRt bel ow

h 0 - - f | | - - . . h. , d )
the onmeCtRasHy' BEfem Fuiely » Wl iener 828 paBhEi st {5 Ak Rl o et o age
, . ] . H d H I t
Cor espon i SLEEEY (pSfd Whe Hiihimdl reBREACoRE" rGR AL i Khe,
char gi ngsgelNedi t 881 hQ ek Ass ol [itC thBakdRe! %iﬁ&\%ﬁ%&ﬂgféﬁgﬁc S ¢ gi ng

charge-storage neans, it Is possible to keep the

pover supph¥qgifgbsoded upplie Beeortaryebatbehife MESRs | henatdlp0e 'S
ﬂ a det I

detected w't ection neans to the voltage | ower than the one which
can cont setutbrgsvhé¢ qhotent iElanequdredl fog thergergcsuoncd the secondary

battery condition nore favorably with | ower voltage applied. The 14th
i nvent i onorsespohding nepmetdiodyf aheesatilli sgitbking esdaid . ofacdardqiineg tef t he
secondary battery after a specified tinme passes fromthis detection when
t he sai dtBagorlaryibatnethod, asddoagt ed edbeathievehargpeis fachmlletied cal
state after charging is stopped when the nearly full-charge state is
det ect ediRnthe cprEIens tRKtaaR] Megnsehatgilfgpeseliale oreldtgehatheevplbalgech i s
carried O%It bé/ const ant - vol t age char %i ng. According to
of the charging power supply to be fed to the secondary battery
when the voltage is detected with a detection means to the
voltage lower than the one which can control the switching
means, enabling the detection of the secondary battery condition
more favorably with lower voltage applied.

The 14th invention is a charging method for enabling the
restart of charging of the secondary battery after a specified
time passes from this detection when the said secondary battery
is detected to achieve a specified electrical state after
charging is stopped when the nearly full-charge state is
detected in a charging method for charging the secondary battery
which is carried out by constant-voltage charging. According to
this charging method, it is possible to designate the time to
restart charging once it comes in the full-charge state (or
nearly full-charge state) to the time in which a specified time
is added to the time for a battery to reach a specified

electrical condition, and even if any error exists in the

detected battery condition, it is possible to secure a certain
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this charging nethod, it is possible to designate the tinme to restart
charging once it cones in the fdlb-charge. state (or nearly full-charge
state) to the time in which a:specifi ef-tjjre, :j:s added to the time for a
battery to reach a specified "el'éct'ri.cal..tundi t:i on, and even if any error
exists in the detected battery condition, it is possible to secure a
certain 15 . .. . . ... . . .o time for returning to the full-charge
condition, and it is there ossi hl.e to prevent .deterioratjon, of

Char act oFigE £oroFeERRRISE con S et B c00sg SoBn FPAat L oif of ¢ he
full -char The 15th inventi.on_is a ¢

(5 the HireP e Tacss sy i R et A
ot tery hBanetBrAsEgTbat Roby | O b LoRunBSE 8h bEVLRE Sy L ANEAY

char gi ngcwalhtiagenset as a standard. According to this charging nethod, it
is possible to exactly detect the decrease of battery voltage with the

charging vol tageras astht aRdeneionrnd tD HGYidgehrtaent hetordengordi then of
the secondary battery. The 16th invention i's a chargi ng nethod accordi ng

to the 14th invention designed 4o dddjeral thBesaaidsppesiie@e et idLal
condition, and to detect that the battery voltage becones a specified
vol t age toodithenvahdage detert vilidt tthe padtedyngolpagendvf athefsdide said
secondary battery set as a standard. According to this charging nethod, it
i s possi Begondapyopattery chewers ha spesidaeyd valuer remndhe i onltage
comparatively sinple_ voltage detection. .
with the said charging voltage set as a standard. According to
this charging method, it is possible to exactly detect the
decrease of battery voltage with the charging voltage as a
standard, and to accurately control the condition of the
secondary battery.

The 16th invention is a charging method according to the
14th invention designed to detect the said specified electrical
condition, and to detect that the battery voltage becomes a
specified voltage from the voltage value with the grounding
potential of the said secondary battery set as a standard.
According to this charging method, it is possible to properly
control the secondary battery condition by comparatively simple
voltage detection.

The 17th invention is a charging method according to the
14th invention designed to detect that the charging current when
a specified voltage is applied to the said secondary battery
becomes a specified value as detection of the said required

electrical condition. According to this charging method, it is

possible to properly control the charging condition of the
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The 17th invention is a charging method according to the 14th invention
designed to detect that the chargkng.cui-kent. when a specified voltage is
applied to the said secondary:battegry pecofes:a specified val ue as

¢ sese

detection of the said required..’éhect.tical *.condition. According to this
charging nmethod, it is possible to properly control the charging condition
of the 16 .... .. . " . " . " . . .. .. .. ... .. . secondary battery
based on _the getection of the(ﬁurreg{ value. ., The _18th invention is a
char gi ngSREPABATACRIFETHY RFPIRET TS SHCERELINOINERS] FUERRNE &Y Yequi r ed
voltage is |ower tha he char gi ng. volt age of the sai.d_constant voltage.
According to thFéei ﬂ%htll%‘r’ﬁ ?oril g"spoasscﬁl%lrgjing H‘SFE'(?F ?ﬁ‘éogéﬁgﬂdﬁ? e
battery dit] t I e png_ Vv and to
proper | ylgg?eygb?ﬁ%?%%tﬁer%;&ic%g%% is%frﬁwrieﬁﬁg%ga‘égggé%e st%&%%’geﬂ_}saélcondar y
battery ¢gducRErqThg V&I faddusntimn gaadac@,hgrtahegyaﬂaggff% ’?‘Eﬂgﬁ&s he

secondary battery with the constant voltage charging v age,

desi gnedth@sdeheshtibe, el €cld igods iaarditd aBtabtt BReSsbeon&LEP B BLRAL tery
every tinme a specified tine passes fromthe tine when the nearly

‘full - chabgaieiohhey seitondsiidadiatlictfer thandehectRdriong heoltdde WRBH o
charging is stopped, and to restart charging when this detected el ectrical
condi t i opropealy pdetédedche daditdmn coaddanidnngith &hisad hawel ied rel ko, it
is possible to keep the tine open at |east for the specified period from
the tineeghpdacyiabaitrery sretusissed once full -charge condition is attained
to the time when charging is restarted, thereby enabling preventing of
deterioration OfThﬁelgéhokﬁﬁﬁgt%gﬁt%ﬁ}ﬁ charging method for charging the

secondary battery with the constant voltage charging voltage,
which is designed to detect the electrical condition of the said
secondary battery every time a specified time passes from the
time when the nearly full-charge of the secondary battery is
detected to the time when charging is stopped; and to restart
charging when this detected electrical condition is a specified
condition. According to this charging method, it is possible to
keep the time open at least for the specified period from the
time when charging is stopped once full-charge condition is
attained to the time when charging is resfarted, thereby
enabling preventing of deterioration of the secondary battery
characteristics. | ‘ |

The 20th invention is a charging method according to the
19th invention designed to restart charging after a specified
time pasées from the time when the specified electrical
condition is detected. According to this charging method, it is
possible to more effectively secure the time béfore it returns

to the full-charge condition and to more improve the effect to

17



characteristics. The 20th invention is a charging nethod according to the
19th invention designed to restart..charging.after a specified tine passes
fromthe time when the specifited ef.gctyi-eaf-- £andition i s detected.
According to this chargi ng nmethdd,.’i*t.1s.*° nossicble to nore effectively
secure the tine before it returns to the full-charge condition and to nore
| nprove the effect to 17 .... ........ e e e e e s
e e .. prevent deteriqgration of the secondary battery
char act ePFEVRRE . defpllonation ndythen SeEoRdaRy, BRrRECFEt FRAF AR HWES0 the
19th invention d t.hat. t he chargin rent .exceeds .a

specified val ue ﬁﬁé%@fﬁﬁiﬁ%ﬁﬁgﬂ g"15n& Vi ngdggop‘eggga'[%%%oﬁf%ﬂq %9 dhG hi s
char gi “91§9pt ?ﬁgehéigﬁp&é& e e 3ede %fi&%“@ﬁ‘ Y?L?Q{J;ﬁi\% &&fdrle%*%e

detection™o sard specitied electrical "condition? cording to this

h ' val dond Ss } bl L batter
condrt] SoTEREAE: o) dpecie ARV WA EHEARELY CREEdnd Mo Rea R Y ho oY

met hod aes%d'%aglé@ef hehad UKL d RHAHGIG Y83t858d1s 0a8et f&d ddatnd Rgikattery

vol tage of the said secondary battery attains the specified voltage for
the detgetbpaapy baersry dEspatid idedeehadhr beatheosdidigpeciAticer ding to

this charging nethod, it is possible to accurately detect the secondary
battery ebadttriocalfecamitiobat tercprdingage. thhe SBadglimyamtod, Sta is
chargi ng nmet hod according to the 22nd invention designed to charge at
| east thpoeatbly reqicwrhtdly dédiesdt thg sheohdarerhatvidrngwrditilon sai d
Secondar¥rggt£§£yéharging current.
| The 22nd invention is a charging method according to the
19th invention designed to detect that the battery voltage of
the said secondary battery attains the specified voltage for the
detection of the said specified electrical condition. According
to this charging method, it is possible to accurately detect the
secondary battery condition from the battery voltage.

The 23rd invention is a charging method according to the
22nd invention designed to charge at least the energy required
for detecting the battery voltage in the said secondary battery
when the said secondary battery voltage does not attain the
spgcified voltage and charging is not restarted. According to
this charging method, it is possible to effectively prevent the
decrease of remaining voltage caused by repeating detection of
the battery condition every specified time.

The 24th invention is a charging method according to the
22nd invention designed to detect that a specified voltage

lowers from the voltage set by the said charging voltage

designated as a standard for detection of the said specified
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when the said secondary battery voltage does not attain the specified
voltage and charging is not restasted. .According to this charging method,
it is possible to effectively:ptevent :thg s-glegiease of renmining voltage
caused by repeating detection’.ef ..t ha‘bat't'er’y ¢tondition every specified
time. The 24th invention is a charging nethod according to the 22nd

i nvention designed to detect that a specified voltage |owers fromthe

vol tage set by the_ said. charging vol tage. designated as, a standard for

et ecti oHobFabRe SAPEPLHERS g his chataing methda; 1€7i& fodsible tay ¢ age.
According to_this charging nethod, it . is possible t accuratel y detect

| ower i ngg?j?ufﬁgeg%t&%%C)?/gﬁ“é?gte”%geto b}hﬁhgaiiﬁﬁ}’g}’ﬂgt%%?t%@é Riedifhat ed as
a standa nd t A ral _t da batte ndi.tion. The
25t h i nv{e:ﬁ?f:ggg?s&%ﬂgﬁiér géeﬁlgqupeat%% a%cgolrg’ ﬁ?ﬁgggg’t%éd 1iaén%éclyunr\claend‘liyon

desi gnedcggtggiegltlet;@oﬁg@rﬁpﬁ]ﬁ%ﬁgvgbhaggioﬂt_t ains the specified voltage

val ue fromthe voltage set groundi ng potential of the said
secondary bat t er ¥hdessgnal @ebn@fors tia dahalrefi ndehe e hb@Nadéotfens A d the
specified voltage. According to this charging nethod, it Is poSsible to
accur at epyndconvent idhelesiaptatnins deiteety tBa8dthé OPabie EPIRSIRIJa/el Y sinpl e
vol tage detection. The 26th invention is a charging nethod for charging the
secondar gtbaf heryhahspdr i ki et sicjnediet vadatetiomhehe! €sltagalsetcandin i on of
the said secondary battery, to selectively supply the first and the second
vol t agesthe gheurding eetendaral ot ttéwey saiid aecondany ebaik téry hieieirediced
electrical condition, and to carry out ON OFF control of application of
the sel eefeftapfapgefor detection of the said specified voltage.

According to this charging method, it is possible to accurately
control the secondary battery condition by comparatively simple
voltage detection.

The 26th invention is a charging method for charging the
secondary battery which is designed to detect the electrical
condition of the said secondary battery, to selectively supply
the first and the second voltages to the said secondary battery
in accordance with the detected electrical condition, and to
carry out ON/OFF control of application of thé selected voltage
to the said secondary battery in accord with the said detected
electrical condition. According to this charging method, it is
possible to select the first and the second voltages for the
voltage applied to the secondary battery, and at the same time,
to be able to carry out ON/OFF control for the application of
the selected voltage, and to prevent discharge from the battery
to the charging circuit side when charging voltage lower than
the battery voltage is established, thereby preventing wasteful

discharge of the secondary battery when voltage applied to the
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to the said secondary battery in accord wwth the said detected electrical
condition. According to this chatgi.ng. nethqd,.it is possible to select the
first and the second vol tages:f@r « e :voldage.applied to the secondary
battery, and at the sanme tine..’ta‘beable.to carry out OV OFF control for
the application of the selected voltage, and to prevent discharge fromthe
battery to the charging circuit side when charging voltage |ower than the

battery voltage is established,. thereby preventing wasteful discharge of
Phe. SeooRBSPYIEYL BRSNS o L HByvaeteRe 10 O

. seconary oMPePJlsial PR i 5 aTERI FRENO FEPRBACR Ui
econdar §obay tavBRERER' Aebldhed o KAk KR, 5BRHARFE BREt Sxy P B ondar y
battery Eﬂgﬂggatﬁgﬁ S t%ige\r%ﬂlba{jgéetCCPQ%gvglaaﬁggeéghggggd%é\?ﬁ%r); E‘@qffﬂéedj

secondary battery Is judged t e charged to a spec

detecti opfef wibR €RbUsgl@Cdddod vaNdidd qriattely Lhensahd sfigst voltage is
sel ected and applied to charge the sai'd secondary battery when the

char gi ngseebhageyobatbergaid juRpandd bebahbegrdi sol aWeped hoted heaspreci fi ed
value by the detection of the said electrical condition, and it is also
desi gnedbyothhadgeethios ezhndar \sdiat tediegtwiithlt hendpplion asfesr ofhe tdheicai d
second voltage to the said secondary battery turned on when the secondary
battery faorsageoltagadyedseledized anst appddiedt he shadgsethadsaid t age.
According to this charging nethod, it

secondary battery when the charging voltage of the said

secondary battery is lower than the specified value by the

detection of the said electrical condition, and it is also

designed to charge the secondary battery with the application of

the said second voltage to the said secondary battery turned on

when the secondary battery voltage is judged to be lower than

the said second voltage. According to this charging method, it

is possible to éffectively prevent wasteful discharge from the

secondary battery and at the same time to be able to charge the

second voltage to the secondary battery free of detrimental

effects when charging is restarted.

The 28th invention is a charging method according to the
27th invention designed to judge that the said secondary battery
voltage is lower than the said second voltage when it is judged
that the voltage is lower than the said second voltage again in
a specified time after it is judged at least once that the
voltage is lower than the said second voltage. According to

this charging method, it is possible to charge the secondary

battery with the second voltage when the secondary battery
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| 1s possible to effectively prevent wasteful discharge fromthe secondary
t battery and at the sane tinme to ba.abl a.i0.charge the second voltage to
the secondary battery free of :detrsgedtiad, s-effects when charging is
restarted. The 28th invention‘is*a‘chargi'rtg.method according to the 27th
i nvention designed to judge thats'the said secondary battery voltage is
| ower than the said second voltage when it-is judged that the voltage is

I th th i d d I : in i . ified ti ft it

i Udged aPOLEAGE SCBOPEELVERE Loranddan tEnsecohanvrhbags hddnd
| t A i to. _thi h i thad, it ..s. i bl h th

secondar J ESRArFer JAPLRYL WEAE Ut oA S ReBBeEERRcrY “bat tery 20

vol t age hgtgg?b%hggbévLH&e%eépggaﬁﬁnﬁé%ﬁé d voltage and to restart

char gi ng un orabl e con ionfreée of deteriorating the secondary

battery. The 29t hpbnyeRhi QAvbAt fokt "B U NGhATR] lgdm@%ﬁeadaﬁeokaiﬁ Ceo ZY

i nvention designed to apply the said second vol'tage to the secoOndary

battery bgthChatvehbionh@8signed dta/dgRAyt ke thea seeshdavylbagéd ery M@l t age
is the third voltage |lower than the 'sécond voltage. According to this

char gi ngseebhddryi batBerpossi iieatdlinesihent iehasginggeadenat hend avor abl e
condition free of deteriorating the secondary battery only by judgnent of
t he bat secpnderryabetwetpoudl cagmtingheashdgd obltage. 1dher 36dn ithent i on
is a charging nethod according to the 27th invention designed to detect

t he pot esecenddivblbagace Adeen@bng diee Wrig ghdrghegondthoéndibfisa switching
means for carrying out the said OV OFF control and judge that the said
secondar PoB&ibPépytQoreatert scChan@ing naderhsheefanarable agenditnemritiany to

this char%ing method, .it is possible to accurately )
of déteriorating the secondary battery only by judgment of the

battery voltage without counting passage of time.

The 30th invention is a charging method according to the
27th invention designed to detect the potential difference
between one end and the other end of a switching means for
carrying out the said ON/OFF control and judge that the said
secondary battery voltage is lower than the second voltage.
According to this charging method, it is possible to accurately
judge the battery voltage at the restart of charging.

The 31st invention is a charging method according to the
27th invention designed to judge that the said secondary battery
voltage is lower than the said second voltage when the current
of the said secondary battery is judged to be lower than the
specified current value when voltage application to the said
secondary battery is turned off. According to this charging
method, charging process at the second voltage is carried out
only when the current flowing in the load circuit is lower than

the specified value (for example, in the case of the vicinity of
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judge the battery voltage at the restart of charging. The 31st invention is
a charging method according to.tha. a/th.davention designed to judge that
the said secondary battery vpltagé:i skques, ¥ khan the said second voltage

when the current of the said'.sétandary.bdatiery is judged to be | ower than
the specified current value when voltage application to the said
secondary battery is turned off. According to this charging nethod,
chargi ng process at  the second voltage is carried,out |y when the

on
current FPERI mgaPH ihelf RRETHRIQINC PEGVEREr CRREALINE At sPelPY i KA kAg%e (for

exanpl e, bat PR CR8Ea Lut Lnt Sl Q:fhezépébi'fi?'grgillﬁ%ha i is possible

Lo prevent ohardiild 35,8 LALNEISASR, IRRAIGG SRTGBN LEIL BGECs dhe,

speci fied val ue. nventioni1s ac g1°ng 0

27th i nvention,desl 99Rdad; SRleGl, (e At @Rl bedhils] ceerohgiueen one end
ge? . e

and the other en a swt ng neans for carrying ou OFF contro

when thepgaidcncsnBdand £ad ey SMdreRind o el itBAMnGhResRECES ) ed current
when the application of voltage to the said secondary battery is turned

of f and tarrjidgeotbathé hen s eapaiaihabather ¥aval s886ndsry Mtdhan the
sai d second voltage. According to this charging nethod, it is possible to

j udge theureehar isolowdnrghay the apaeriftiedveutragat whdgmené dgseitaidmhe
potential difference between one end and the other end of the sw tching

means onbf whéhagleteuthersaid |spdonglany ba¢teogdisutuenedicff cwed tchan t he
specified value. The 33rd invention is a charging nethod according to the
judge that the said secondary battery voltage is lower than the
said second voltage. According to this charging method, it is
possible to judge the restart of charging by accurate voltage
judgment based on the potential difference between one end and
the other end of the switching means only when the current
flowing in the load current is lower than the specified value.

The 33rd invention is a charging method according to the
26th invention designed to select the second voltage and charge
with the application of voltage to the said secondary battery
turned on when the current flowing in the secondary battery
again at least after a specified time is judged to be lower than
the said specified value after the current flowing in the |
secondary battery is judged to be lower than the specified value
under the condition in which this second voltage is selected
with the application of voltage to the secondary battery turned
off under the condition in which the second voltage is selected
when the voltage is charged with the application of the voltage

to the secondary battery turned on with the first voltage

selected when the charged voltage of the secondary battery is
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26t h invention designed to select the second voltage and charge wth the
application of voltage to the said;secqudary battery turned on when the
current flowing in the secondary b3t éry: :agaim at |east after a specified

LX X X

time is judged to be |ower than®‘ihe.Said *specified value after the current
flowng in the secondary battery is judged to be |lower than the specified
val ue wunder the condition in which this second voltage is selected wth
the application of voltage to the secondary battery turned, off under the

condi t i oAURgEGNER PE hkoweIe STy Sibea§Rerdifle¥rtie - WRGFIFELRD A & iiss
h d with th | i cat f th I to th d bat t
Chor 0o hh oL e B o 0o SR FROE AR I ERERIOENY PR e
d . y s el e Lo
Seconaal i gBhheh Lo ne secondary BREEPRLAYIREL 320 dliNR S &
char gi N0y JBLAPE of teN PARS MR BnChLAGhLKE! drPLfY M uanl e ul  di scharge
fromthe secondary<%atter as well as to judge the restart of charging

based on judgnenthefsite Lufdfion TRe a3¢hhrhRrnghiORod Sadc &P NS aihod
according to the 33rd invention designed td6 détect the current flowng in

the curpend peddneismerdLihriad thee detdedtsSerandar yewet t Bswindj fifrernget from
the current path fed to the said secondary battery via a swtching neans

for carrgungensutpdtie canbddOtle ehpt salidf secvadaitgdrst fary slifferieng t he
said first and the second voltages for detection of the current flowng to
t he sai dfsemontarcuirenterpath Ascbitdi hpet saifii sechrdgrndoaretdind viiat ai s
possible to detect the stable current value not subject to fluctuation. of
vol t age Sw¥ppfhimg means for carrying out the said ON/OFF control from a
means for supplying the said first and the second voltages for
detection of the current flowing to the said secondary battery.
According to this charging method, it is possible to detect the
stable current value not subject to fluctuation of voltage
applied. |
The 35th invention is a charging method according to the
26th invention designed to provide the first and the second
switching means in parallel as switching means to carry out the
said ON/OFF control and to supply constant current to the second
switching means, and when the charged volume of the secondary
battery is lower than the specified volume, it is designed to
charge the secondary battery with the first switching means
turned on and the second switching means turned off under the
condition in which the first voltage is selected when the
charging volume of the secondary battery is judged to be lower
than the specified volume, and when the charged volume of the

secondary battery is judged to be charged to the specified

volume, it is designed to turn off the first and the second
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The 35th invention is a charging method according to the 26th invention
designed to provide the first and.the second ,switching means in paralle
as switching means to carry opit sthé: garq ‘N OFF control and to supply

LR 2

constant current- to the secontl.’Sw’tcdti.of ne'ang, and when t he charged

vol une of the secondary battery is |ower than the specified volune, it is
designed to charge the secondary battery with the first sw tchi ng neans
turned on and the second sgﬁtchin nmeans turned off under the condition in

whi ch t hEVAEFRINGoMEaRE VEtR cFRR 1 TREAME YIS I R]LGFRG Y oR B BeN t e

d i s.judged be | h ified vol d
cecondary BabeEY, hackAPgedo] abe 10 Blaadl 3R bioushes! Lhed volumeoand
Socond o3c1tanBluitR LR sbiond MERAIPLABANL) B! ih8etbhiba i 4ol

means wi b the .s,geega't)g@#éﬂfn?%&fﬁf%da% WaBB1LEne SERPAA NS D T y

vol tage is judged t ower Than the secon tage wt e second

vol tage g@lreeh@dtol EhbSsdesh@Red Boddry 0¥ chie iﬁg@ndAé%}_&bﬁggtdmanS_ and
to supply the said constant current to the secogda y battery t0Or charging.

Accor di nghtie chhrgiafangthed eidork gdsdip1R0%S BLRibOeaghiEVErIavor abl e
charging by constant current. The 36th invention is a charging equi pnent
f or char ghagginhgebgeconsgaayt baitwsnt whi ch is charged by constant charging
.voltage, conprising a first voltage feeding neans for feeding the first
voltage to the sBbendéth bavertyonalser aingingagguipeedinfoneansrd g
feeding the second voltage lower than the first voltage to the secondary
battery,téecﬁﬁﬂéﬁ@aﬁﬁtbétt%ﬁw which is charged by constant charging

.voltage, comprising a first voltage feeding means for feeding
the first voltage to the secondary battery, a second voltage
feeding means for feeding the second voltage lower than the
first voltage to the secondary battery, a current detection
means for detecting charging current to the secondary battery,
and a control means for changing over the supply by the first
voltage feeding means to and from the supply by the second
voltage feeding means based on the detection results by the said
current detection means, wherein when the current detecting
means detects the first charging current corresponding to nearly
full-chargé by the current detection means, the supply to the
secondary battery is changed over from the first voltage feeding
means to the second voltage feeding means, and at the same time,
when the current detection means detects current exceeding the
second charging current with the second voltage fed to the
secondary battery from the second voltage feeding means by this
change-over, the supply is changed over to that by the first

voltage feeding means. According to this charging equipment,
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means for detecting charging current to the secondary battery, and a
control neans for changing ovat tde supply.by. the first voltage feeding
nmeans to and fromthe supply dy:thg:seeond.. iolt age feeding neans based on
the detection results by the saltd.*turcant.gdetecti on neans, wherein when
the current detecting neans detects the first charging current
corresponding to nearly full-charge by the current detection neans, the

ly to.th d battery i.s - d f the first | t
Foedi ng CHEaRRETREY 1es SHARRPS G146 FRAAT A RERNOTEHEA SR 0 ch et e,
when th t t | det t di th d
Char gi ngveurPaR: ofF kel Wl R e, EhR-BURGT EorRESEE a5 ory from
th 3 i i h = ly i
changed SHer TsCEndi Ty | TR Bet TE0FRc fhaatd S R g o i

char gi ngrgaUYLBARPYe é@ndfﬁfbﬁp%ﬁﬁﬁ%ﬁm§ﬁ@%y%?%ef¥1l—cha5%$ is rd%%?&%%tery

is charged to the full-charge conditi Irst tage en the

battery ebargi 0gmé epms NsteitdAMawErd 80 8RBCEHLEIS YN USat CORP iing once
it is charged to the full-charge condition, charging to the full-charge is

repeat edremséndlet i amd titee baidardardyonatser¢ iBeabpecidimws dmidwimtighar gi ng
remai nder and the secondary battery is able to be constantly nmaintained to
near|ly fualintaiéngd tomidrlon fudidchhrgeecoadit idbn reandepaude tdagnesecond
voltage |ower than the first voltage is applied to the battery except when
char gi ngtimet hbeciuse -hearspeond vodrtagedlower thenseeniiarst bailiterge iis not
brought to _continuous full-charge condition, and deterioration of

secondar §PPHAeE k9 e FRATRETYe e¥&ePEdWBENcORRT Gid £ thithafiugd -shadiosi on

is carried out, the secondary battery is not brought to
continuous full-charge condition, and deterioration of secondary
battery performance caused by continued full-charge condition
can be prevented.

The 37th invention is the charging equipment according
to the 36th invention wherein the first charging current is the
same as the second charging current. According to this charging
equipment, the charging condition can be favorably controlled.

The 38th invention is the charging equipment according
to the 36th invention, comprising the third voltage feeding |
means for feeding the third voltage of the potential across the
first and the second voltages to the secondary battery, and a
temperature detection means for detecting temperature inside or
in the vicinity of the secondary battery, wherein only when the
detected temperature of the secondary battery exceeds a
predetermine temperature, the second voltage feeding means is
changed over to the third voltage feeding means in place of

changing over from the second voltage feeding means to the first

25



can be prevented. The 37th invention is the charging equi pnent according
to the 36th invention wherein.thg.fid&st..charging current is the sanme as
the second charging current. $Accoryi ng+<-@3éhiiss charging equi pment, the
charging condition can be faverahly*.con.rollredt The 38th invention is the
chargi ng equi prent according to the 36th invention, conprising the third
vol tage feeding neans for feeding the third voltage of the potenti al
across the_ first and the second voltages to the secondary battery, and a

t enper at YPEt39RERPOANHEERRNT ur ARAVEIMY toehBdFaChREILAY| BRI HPMCRYy { he
icinit f th d tt .. Wh i l, t det ect ed

! enmor o GPETBAREN EOSBESREBR T D] iR 4% FREREeBin S tatpiad ur e,

th d | t f i | S. t.he third | t

feedi ng means. i nifPasgchr nfRAREohSie SRRSO NR, Bl Ak g
means tothEeo{ﬁ:Bﬁi: ¢3ltade of the khird ‘(z%'lttﬁgg Egggiflg HEZRS - 1 ACEUSEL 9 to

this charging eguipnent, - charging corresponding to tenperature 15

favor abl yjeantepbbedturd e B ied MUEMHLOR O es_ls;hga_eéefc@cewﬁimlj}h

change the output voltage of the third voltage feeding nmeans in accord

with te”ﬁﬁéa&ldéﬁgﬂﬁgeé@@gpﬁdnﬁ hedsagipicer @hdebeehi PRvaRasni N the
char gi ng equi pnent according to the 38th invention. According to this

char gi ngaeqoicfimgt toi this ¢lomsgiie dquifpmeslty ieonsr pbssimels hes of i Mol t age
in accord with the then tenperature at that tinme, and charging contro
cor r espoadnkygol othenperangimg valirmdee imwaocalrdywiahrtbe thén témpeaifitture
invention is the charging equi pnent for charging the secondary battery in

whi ch chatgthati sisar raed ¢harging control corresponding to temperature

can be favorably carried out.

The 40th invention is the charging equipment for
charging the secondary battery in which charging is carried out
by the constant voltage charging voltage, comprising a first
voltage feeding means for feeding the first voltage to the
secondary battery, a second voltage feeding means for feeding
the second voltage lower than the first voltage to the secondary
battery, a current detection means for detecting the charging
current to the secondary battery, a voltage detecting means for
detecting one voltage of the secondary battery, and a control
means for changing over the supply by the first voltage feeding
means to and from the supply by the second voltage feeding means
based on the detected result by the voltage detecting means,
wherein when the specified voltage corresponding to the
condition in which the secondary battery is nearly fully charged
is detected by the voltage detection means, the supply to the
secondary battery is changed over from the first voltage feeding

means to the second voltage feeding means, and when the current
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by the constant voltage charging voltage, conprising a first voltage
feedi ng neans for feeding the fikal vohtage.tp the secondary battery, a
second vol tage feeding nmeans $o# ﬁeedhng- dhes second vol tage |ower than the
first voltage to the secondar¥.* ba??ary,ca guretent detection neans for
detecting the charging current to the secondary battery, a voltage
detecting neans for detecting one voltage of the secondary battery, and a
control _means, for changing over the supply by the first voltage feeding
neans todﬁﬁﬂcF%Bﬁ1?%%P%Lﬁﬁﬁ%Fqﬁ/qqﬁec§§68ﬁﬁ §§F?§3én9eﬁkﬁrﬁf eRatRrmineded on
t he detecied result t he. vol tage det ans | n the
specifie8£959i33é035¥¥%§dﬁﬁa}ﬁﬂmgﬁeﬁmg 38Egﬁg?oﬁuéﬂl%ﬁ§cﬁr mﬂ?%condary
battery r y. t e V, tidon

é 8h& +é{1‘{:<¥43% f&&?{rﬁgqn(fan% 8t &G Q?QXn{%QF of t»é‘&-.eyf %f‘;{r{

means, e supp ary battery over e first

vol tage. gsﬂgagovgf‘anéhé O.e,@mﬁfso%am'ehassewﬁg Pl "BAAS: A pen the

current ans

detects £BEqTHEREANEXCERAAH INE tY ULLCERhPEIng COG ShMenCUrIRNt Wi th the
second voltage supplied fromthe second voltage feéding means to the

secondar Yabebigr ¥s hyhd Fgsd wdhange-Ma-chbigeSEoRE Yt isn ohpnaed omar by the
first voltage feeding neans. According to this charging equi pnent, the

battery ¥r6lthgegenly ovlidre the |bath@rge chardihgonehyihder fidswdrs wa ttage only
when the battery charging remainder lowers to the specified value.
Consequespégifaédevaline. batarsragquentdlyar gétlerothé¢ heat tibty cisrajea mymdlita on
once, charging to the full-charge is
the full-charge condition once, charging to the full-charge is
repeated every time the battery charging remainder lowers to a
specified volume, and the secondary battery can constantly be
maintained to a nearly charged condition, and at the same time,
because the second voltage lower than the first voltage is
applied to the battery except when charging to the full-charge
is carried out, the secondary battery is not brought
continuously to the full-charged condition, thereby preventing
deterioration of the secondary battery performance caused by the
continuation of the full-charged condition.

The 4lst invention is the charging equipment according
to the 40th invention, comprising the third voltage feeding
means for feeding the third voltage of the potential across the
first and the second voltage to the secondary battery and a
temperature detection means for detecting the temperature inside
or in the vicinity of the secondary battery, wherein when the
detection temperature of the said temperature detecting means

exceeds a specified temperature, the voltage feeding means is

changed over to the third voltage feeding means in place of
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"repeated every tinme the battery charging remainder lowers to a specified
vol ume, and the secondary battseryesgan gonstantly be maintained to a nearly

charged condition, and at the:sane.tiuer.;quhyse t he second vol tage | ower
than the first voltage is appklbd‘to’she *Reftt&ry except when charging to
the full-charge is carried out, the secondary battery is not brought
continuously to the full-charged condition, thereby preventing

d i i .of th dary b f d by th .
Cont 1 nualPBAISNG: %ggrﬁff&ﬂhfii%ew%io%»%%ﬂﬂﬁhs‘%%ﬁégéigéaﬁé&m%%ntme% et
h i i t di ta t 4.0t i At i Si t thir
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t kLSt t nd a
oo at Gharhabd 180l I S IO WANIAAI AL BT RECON L PRLELY G,

vicinitytghpgggtﬁfgpndary battery, wherein when the detection tenperature
of the said tenperature detecting neans exceeds a specified tenperature,

the vol tage feedirRg APAASihventiGNdd e hbegling Egh&ﬁméﬁl:té‘aéof&ﬁ% ng
means in place of 27 O ~ 0O 0. 1 0 changi ng over

from t hetseenad4vett ageehetsh hovHERin thet batplutstol vobéage fredidig means.
According to this charging equipnent, charging is able to be favorably

control | etlird sotoadewféddime mdanpdsadesdégnéietd2bd ¢coveudnsliy t he
chargi ng equi prent according to the 41st invention, wherein the out put
vol t age chanpgedsandacedrd dvitdi ttdge Hegpeiragumeadstestead shynelk t a ik
conti nuously ‘
temperature detecting means. According to this charging
equipment, it is possible to finely control the charging voltage
in accord with the then temperature and to favorably control
charging in accord with the temperature.

The 43rd invention is the charging equipment for
charging the secondary battery requiring constant current
charging at the start of charging, comprising a power supply
circuit for feeding the specified charging power supply to the
secondary battery, a switching means connected across the said
power supply circuit and the said secondary battery for
controlling the start and stop of charging, a detecting means
for detecting the potential across one end and the other end of
the said switching means or the potential across one end and the
other end of the said secondary battery with the low-voltage
charging power supply fed from the said power supply circuit,
and a charging control means for starting charging to the
secondary battery with the said switching means turned on based

on the potential detected by the said detection means as well as

the output voltage of the said power supply circuit set to a
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changed in accord with the tenperature detected by the said tenperature
detecti ng neans. According to.thus.changhng..eqU|pnent It iIs possible to
finely control the charging vpl : age° un-aqeqr'd with the then tenperature
and to favorably control chahg'hg’Pn®aclded W th the tenperature. The 43rd
i nvention is the charging equi pnent for charging the secondary battery
requiring constant current charging at the start of charging conprising a

f d h ly t
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across one en secondary tery W th the
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and a charging control neans for starting charging to secondary

battery wirt8héhposahtisWVi d€Fvdy dmanmd Wndedhanobaseden@ ot Nendot enti al
detected by the said detection nmeans as well as the output voltage of the

sai d poweecenfipry batteiy, seid tio adfirately. detect. the.condition of -thel -
specified potential. According to this

charglngseqongaemtbatteryéaéosmr&ﬂeadasedeﬁemhetbensenaﬂdﬁay battery
condition based on the control of the swtching neans and the detection of
t he pre-charging. Consequently, it is possible to precisely detect

the secondary battery condition without providing a charging

circuit special for pre-charging and simplify the circuit

configuration of the charging equipment.

The 44th invention is the charging equipment according
to the 43rd invention, wherein a field-effect transistor is used
for the said switching means, and the potential is designed to
be detected by the said detection means by increasing the
impedance value across one end and the other end of the
field-effect transistor. According to this charging equipment,
the condition of the secondary battery can be easily detected
only by controlling the impedance of the field-effect
transistor, and at the same time, even when the secondary
béttery voltage is low or shorted, it is possible to minimize
the loss of the field-effect transistor, and to minimize the
size of the transistor itself and a radiation plate,
contributing to downsizing of the charging equipment.

The 45th invention is the charging equipment according

to the 43rd invention, wherein the output potential of the said

power supply circuit when detected by the above detection means
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potential across one end an the other end of the swtching nmeans or the
potential across one end and ths ethiek. end of the secondary battery, and
to accurately detect the conditi@n Qf: tihe., sechndary battery as in the case
of the conventional pre-chargrng’..Conseqientiy,s it is possible to
precisely detect the secondary battery condition w thout providing a
charging <circuit special for pre-charging and sinplify the circuit '
configuration of the ch i ng equi pnent.. The 44th [nvention is the charging
equi pment-Sag€br 1d?nljhet‘6§':[‘ﬁ% ﬁ‘srﬂ“ﬁ PSSR, o\fh’éb@i io‘ée?FeY?il%W%cﬁt

i N d__f ' 1.1 Ghi dth Lal i
deet gned R EREcoal ech Ao iR Sty o palpRC ABREaRES ?%%5% B ne
' d I . ' -
A e A R ek L

secondar ba@@éﬁ:?][ Yohi@he DEn SRS¢N &rf@t&ﬁr%qngogbwebysﬁﬁgw obt i%tl%%ggedance

of the field-effect transistor, and at” the sane ti even en t

secondaryolbaﬁéefgdvebt@g@ decdiM g bAReE9y, tbt dbtefOSEhd| &1d& MidHIM z€
the loss of the field-effect transistor, and to mnimze the size of the

transi st oondiiseébh afdtke resta@idayy plaattery «oshrthoti68dt€o dayasi zi ng of the
chargi ng equi pnent. The 45th invention is the charging equi pnment accordi ng
to the 48edondaewntbavtemhereiqindwE tobirpughpotenthal modimie, ssid tgpower
supply circuit when detected by the above detection neans 29 . . o0

i s set tdetpetviheeclecthkcad ganditrion pfethewescondarndeatatery under

the favorable condition.

The 46th invention is the charging equipment according
to the 43rd invention, wherein the output voltage of the said
power supply is designed to increase with an increase of the
potential across one end and the other end of the secondary
voltage after the start of charging. According to this charging
equipment, the power applied to the switching means is able to
be held nearly uniformly, and the condition of the switching
means is able to be held favorably.

The 47th invention is the charging equipment according
to the 43rd invention, wherein the output voltage of the said
power supply circuit is designed to be varied in a plurality of
stages with an increase of the potential across one end and the
other end of the said secondary battery after the start of |
charging. According to this charging equipment, it is possible
to keep the power supply applied to the switching means nearly
uniformly and to keep the condition of the switching means in
the favorable condition. 1In this event, because the voltage is

able to be varied in the plurality of stages, only simplified
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. which the said charging control nmeans operates. According to this charging
i equipnment, it is possible to det.ect..t he sacoudary battery condition with
t he chargi ng power supply of theEIo@ésﬁzquﬂﬁg@@.fed to the secondary
battery, to detect the electritalf ..condi.tion.of :the secondary battery with
the load to the secondary battery or circuit brought to the m ninum and
to detect the electrical condition of the secondary battery under the

f bl dition. The 46th i ti i h i ng, i t according
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char gi ng equi pnent according to the 43rd ntion, e out put
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plurality of stages with an increase of the potential ‘across one end and

the ot heaidngowértsepshy tcienoidamebdetecyeal bgrthdessi@rdedcti@diar gi ng.
According to this charging equipnent, it is possible to keep the power
suppl y apphnedtoothdemsmitahivgl resgnatneduilcy thai Ehangynaneoriordeegadnse
condition of the switching neans in the favorable condition. In this
event, béeWATE-t hACcoordaR@ %3 thilsl ehagdiagvedainegmentt has plem@lagy of
stages, only simplified 30 . . . . . . . . .... .. .. .. .. . . control
i s requi PEBCFBACCORRFYR Y aFrmplatege 16 £hgi electric charge storage

means, voltage of the charging power supply to be fed to the

secondary battery in detecting by the detection means can be

brought to the voltage lower than the voltage for controlling

the switching means, and the condition of the secondary battery

can be detected more favorably with the still lower voltage

applied.

The 49th invention is the charging equipment for
charging the secondary battery to be charged by the constant
voltage charging voltage, comprising a constant-voltage means
for feeding the said charging voltage to the said secondary
battery, a battery condition detecting means for detecting the
said secondary battery condition, a charging control means for
controlling charging by the constant-voltage means, and a timer
means which operates when the said battery condition detecting
means detects the specified condition of the said secondary
battery, wherein a specified time passes from the start of

operation of the timer means, the charging control means is

designed to start charging by the said constant voltage means.
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The 48th invention is the charging equi pnent according to the:43rd
invention, wherein a charged | oad.st:0kage.nBans is connected across the
sai d power supply circuit and the sgisd :-ehargj Ng. control neans, and to

| ower the output potential of thé*.said .povwet® sapply circuit when detected
by the said detection neans to the m nimum voltage at which the charging
control neans |lowers. According to this charging equipnent, as |ong as

el ectric charge is accupulated jn the electri¢ charge storage neans,

vol t age BFCPREIRHaFYi HLH WAL B ISAH SPGB tredtt St ReSSERERAry battery in

d i b he d I .b t h | t | o) th

The vol 1 S68LabREaoRhe HITR I iR HBeRothe, DAREO TR SRt it he
d i f i Bl

vol tage taBoFhEYongPdedt AR SGE (B hendiVl 1L hhDabitedidd (i Yo

char gi ng¢hBet $REOPREH Yot Aty i &%ﬁ&%@@egsbxhéh@iﬁenf%gﬂrea%@ e

chargi ng vol tage, conprisinhg a constant-voltage neans eedi ng the said

char gi nghyetbagerdoat @il RO ¥1eRRIEBRY, condfti6h Y HONd tion
detecting neans for detecting the said secondary battery condition, a

char gi ngspesifobdneans ddded £ Wiy RecuRang BemBYtihe KerSEanne/ol tage
means, and a tiner neans which operates when the said battery condition

det ect i npatteapsreetens std hehes padilf-ichd rgeddcbndit 96nt deesai £l Secandar y
battery, wherein a specified tinme passes fromthe start of operation of

t he ti mepcapnaasinthize chetragtnigore ot tdle aameriyscodést jord damd sttarits char gi ng
by the said constant voltage neans. 31 .. . . 0000 see *0

Accor di nBos81bheste hRFeyert it tijon Pf'éégéhﬁﬁéftﬁﬂttery
characteristics caused by the continued full-charged condition.

The 50th invention is the charging equipment according
to the 49th invention, wherein the said battery condition
detection means is designed to detect the condition in which the
secondary battery voltage attains a specified voltage.
According to this charging equipment, it is possible to
accurately detect the lowering of battery voltage with the
charging voltage set as a standard, enabliﬁg accurate control of
the secondary battery condition.

The 51st invention is the charging equipment according
to the 49th invention, wherein the said battery condition
detection means is designed to detect the condition in which the
charging current attains the specified value when the specified
voltage is applied to the above secondary battery. According to
this charging equipment, it is possible to properly control the
charging condition of the secondary battery based on the
detection of the current value.

The 52nd invention is the charging equipment according
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designate the time fromthe tinme when the battery once attains the
full -charged condition (or neardsy.ful ke charged. condition) to the time when
charging is restarted as the t{me redquiyrted foy:the battery to attain a

seee

specified electrical condition wmth a..speci.tied time added, thereby
securing sonme tine before the battery returns to the fuII-charged
condition even if an error occurs in the detection of the battery
condition, and possible to prevent deterloratlon of secondary

battery 8h§P§c@éFps%P¥%nEa%%ed” ]ife tOEnCPRTERNF LV PL Eﬂ%?g%%rcondltlon

The 50th th t di to t 49t

nventi of %ﬁﬁ%&%ﬁn@ﬁﬂ%é%ﬁt%e ShePR Aoy BLERER TRares] Pieidiyned
L0 et eChe! 38a000LhE 0L ISt GoRaEaRLYSDahheLYs YOLoAGER AL L NS 2
specifie age ccordin s C glng equil pmen S pOSSIb|e to

accurate%l% gCkoLh ré%‘ﬁéf .‘g‘%?fléj%etsq ewokbage Qg"];éa E8e cfbarging

vol tage set as a stahdard, I ng accurate contr the secondary

battery gpadifian. vameaéésappm/&ntwrwes shhe §Bébﬁ&89 egiaft according
to the 49th invention, wherein the said battery cond| ion detection nmeans

i s desi gnedotraidgt g6t thhe oy ingrequipnene) heiscpasgibUectsrent attains
the specified value when the specified voltage is applied to the above

secondar fabatrhbily. séecbhdi vgl tage tdpr icdaagi sheeqimpnedt pré¢hasghopsi bl e to
properly control the charging condition of the secondary battery based on
t he detection offheh&3cdr irvenvidnels Tie @bﬁdgﬂngeaQumpmeattﬁercharg|ng
equi pment according 32 .
. . charging the secondary battery in which charglng takes place by
constant voltage charging voltage, comprising a constant voltage
means for supplying the said charging voltage to the secondary
battery, a battery condition detection means for detecting the
said secondary battery condition, a charging control means for
controlling charging by the said constant voltage means, and a
timer means for operating when the said battery condition
detection means detects the nearly charged condition of the said
secondary battery, wherein the said charging control means
allows the said battery condition detection means to detect the
condition of the said secondary battery every time nearly a
specified time passes from the time when the said timer means
begins to operate, and when this detected condition falls in the
specified condition, charging by the said constant voltage means
is designed to be restarted. According to this charging
equipment, it is possible to keep at least a predetermined time
open for the specified period from the time when charging is

stopped once full-charge condition is attained to the time when

charging is restarted, thereby enabling preventing of
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to the 49th invention, wherein the constant voltage for pre-charging | ower
than the said charging voltage d.s.dgsigned Lo .be fed as the said constant
vol tage means and this constant :vol.ttage<for-pfe-charging is designed to be
used for the specified voltag&.Applited Lo t.be said secondary battery.
According to this charging equipnent, it is possible to favorably set the
vol tage applied at the tinme of precharging. The 53rd invention is the

chargi ng .equi prent .for _chargi ng the secondary battery in which charging
t akes pl Q@geﬁgor%f’@{‘aﬂf TR% t RGARYginAd LRSIt SHRT2EERPEF RIS a const ant

| t f ' t i d ch [ .vol t to th d
battery. a battelyecoann HBReRbtel 1o Ko aNa i eAbLP PGt AEOE
char gi ng By PReoSaf ot itbenelon " ARELE RUERIG VZERS, Gbe BN STt
operat i ngewhen; khee sah fe H41L ALY GPYdd 19 o ARG RE! hQOsEAPS ﬂeéﬁgi%%ﬁ ©
nearly charged condition of the sai secondary bgttery, Wherein The said

char gi ngweent tAk Spassridd ! @k ithesaid d'%%bb%a.COﬂé&ék@ﬂng%&%ﬂﬁ’ means
to detect the <condition of the said secondary battery every tine nearly a

speci fi eghbirgBngasgesphens) the id PoWidld ke maird LEfBELIRADS shafids to
operate, and when this detected condition falls in the specified
condi t i omhechamgi hgfbyethe satukeonst ame YalllaghakBansond st s i gnedd o be
restarted. According to this charging equipnent, it is possible to keep at
| east a perdeliwvprpviedth¢ neffapend graventsdetefriedapionoof fitloen t he tine
when charging is stopped once full-charge condition is attained to the
ti me wheReCEREAFY npatseresebatantenisdrigsy enabl i ng preventing of 33 ..
A "The 55th invention is the charging equipment according
to the 53rd invention, wherein the said battery condition
detection means is designed to detect as the specified condition
detection that the charging current exceeds a specified value
when the said charging voltage or voltage lower than this
charging voltage is applied to the said secondary battery.
According to this charging equipment, it is possible to
aCcurately detect the secondary battery condition from the
charging current.
The 56th invention is the charging equipment according
to the 53rd invention, wherein the said battery condition
detection means is designed to detect as the specified condition
detection that the battery voltage of the said secondary battery
attains the specified voltage. According to this charging
equipment, it is possible to accurately detect the secondary
battery condition from the battery voltage.

The 57th invention is the charging equipment according

to the 56th invention, wherein at least the energy required for
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. e e e e o . . ... ..0f .. .. .. . deterioration of the secondary
battery characteristics. The 54th.i-aventiaon.is, the charging equi pment
according to the 53rd inventipn: whereir cglgrgktng by the constant voltage
means is restarted after a speti.fled ti'ne.’gas’ses fromthe time when the
specified condition is detected. According to this charging equipnent, it
is possible to nore effectively secure the tine before it returns to the

full-ch diti dto nore inprove the effect to prevent .
dgter?o?r %8%%3Pbthgg ggﬁBﬁH&r@” 2&?45%?(ﬁi§r§@P€%F§FPBQ?r hRagEeRyiFenti on

_ fitafg i _ PSEPBUACTHRESEERY i Hye
a1 d bat EBPYILBHarD) B CHRFET: th Thenredtaldl BREhEFS RErthy Getinl
Speci 11 0% e oA AT TR Mo {0 e b OB LR BT Tan i

char gi ng peRlcb@geyvol 8agBPALEL A&k the: '| | Qxﬁegg(%@aﬂeﬁﬁgagg e ﬁordi ng to

this charging equipnent, it is possible to curate ct the secondary

battery e®agigingnibr A6tt Rest&PE@] NSy tbhen28t Bhhpyengion is the
chargi ng equi pment according to the 53rd invention, wheréin the said

battery egudipineas, @etestpossiBbanso effesitdredyt préoeaet ths dderspacidd ed
condition detection that the battery voltage of the said secondary battery
attains tremaipéagf relitagbtageseddnormipegttingt Hesechdogi af tkeubprinty it is
possible to accurately detect the secondary battery condition fromthe
battery ¢onfdgéonThvesytspeqivbind drinies t he chargi ng equi pnent according to
the 56th invention, wherein at |east the energy required for 34
The 58th invention is the charging equipment for

charging the secondary battery, comprising a first voltage

supply means for supplying the first voltage to the secondary

battery, a second voltage supply means for supplying the second

voltage lower than the said first voltage to the secondary

battery, a selection means for changing over the charging

voltage applied to the said secondary battery between the said

first and second voltage supply means, a switching means for

ON-OFF controlling the application of the output voltage of the

first or second voltage supply means selected by the selection

means to the secondary battery, a detecting means for detecting

the electrical condition of the said secondary battery, and a

control means for controlling the selection with the said

selection means and ON/OFF control by the said change-over means

in accord with the condition detected by the detection means.

According to this charging equipment, it is possible to select

the first and the second voltages for the voltage applied to the

secondary battery, and at the same time, to be able to carry out

ON-OFF control of the application of this selected voltage, to
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.. detecting the battery voltage in the said secondary
battery |s deS|gned to be char.gec. Lnuxha.secondary battery by the contro
of the said charging control npaps *When ‘tha-sai.¢. secondary battery voltage
does not attain the specified welftagé..and.’ *clfarging is not restarted.
According to this charging equipnent, it is possible to effectively
prevent the decrease of remaining voltage caused by repeating detection of

t he batter condition eve specified time. The 58th {nvention is the
chargingpééﬁﬁﬁﬁeﬂ%s?g?rgﬁ %WmﬁPqtR?F%@EHhGSr§h8a?P%F9ln%dﬁ%ﬁ?%&?mf%gq|rst

I f I h d
bat t o'y, Y80 eﬁﬂage?ﬁ%t%&t%%%%émh 5he Sbgf“a?;%ﬁ%vﬁ@aé%&%ﬁ“’?of‘i 2ge
| h f t.o t it ti
moans {0 ShaRGT AR ovehStel! G i BrRER Ui relTHAS 4 T Socondary

battery BeLuRAR-hIBaelLey dhest Nt ecaRd kel Lo G Uoaky A hattery

swi t chi ng neans contr e appli cation o outp

vol tage ot Lheowbll6b BE v£cf. vol tage supply neans sel ected by the
selection neans to the secondary battery, a detecting neans for detecting

the electrical cendi 5ben fhvéheisriih KeRORMAR )glhgt éq&ypméﬂei dccSPMAP!
means for controlling the selection with the sai Sel ecti on nmeans and

ON OFF cebot thé bgthhénsentichangemier wieanshei Saddcosnitndl hnddigs condi ti on
detected by the detection neans. According to this charging equipnent, it
i s possibhdgee tbhecthetdlwafgedtvainue lod sbeoadconiiangasatoery hies giweage
applied to the secondary battery, and at the sane tine, to be able to
carry oultha(y\lthFFSE@mfmdd\foJctme,ameu catidoawatchihng Bedretisl uined®n to

35 ..
"and at the same time the first voltage supply means is selected

by the selection means to apply the first voltage to the
secondary battery for charging, and when the said control means
judges that the secondary battery is charged to the specified
volume, the said switching means is turned off, and at the same
time the second voltage feeding means is selected by the said
selection means, and when the said control means judges that the
secondary battery voltage is lower than the second voltage under
the state that the second voltage feeding means is selected, the
switching means is turned on by control of the said control
means- to apply the second voltage to the secondary battery for
charging. According to this charging equipment, it is possible
to effectively prevent wasteful discharge from the secondary
battery and at the same time to be able to charge the second
voltage to the secondary battery free of detrimental effects
when charging is restarted.

The 60th invention is the charging equipment according

to the 59th invention, wherein for the said control means to
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e e e i e e e e prevent discharge fromthe battery
to the charging circuit side wlen.ghargisng.voltage lower than the battery
voltage is established, thereby: preyenting-wasieful discharge of the
secondary battery when vol tage.appht&d*ta*the secondary battery is all owed
to be varied. The 59th invention is the chargi ng equi pnent according to
the 58th invention, wherein when the said control neans judges that the

charged volune of the secondar attery is_lower, than the specified
Vol ure, DRESESFRR R rFaP IS HA YGRH SO T6R9Sa 1S AOVEFe RAME RS e  he

7% VoRbRBBSCHEE SRk S0 Sl BRSO ERGTRALE PRy
contro! SRafcpbudbessaaty e steonaty PaLLEsY LS Ehgpoerile Lo

time thegg@&%ﬂ%%{c’iéé@@ S5Ed I b TRANS Vol 138/ 5CHoR¥rt PRaf At e S&&GEIT ON

nmeans, a en the said control neans judges that the secondary battery

vol tage is1tayel thaBotden§eac®nthwdldnaaeinddetuiphenstaie tdapoddprecond
vol tage feeding nmeans is selected, the switching nmeans is turned on by
control @b thargei theosdcohdanedns texryapfith the second voltage witer hehe
secondary battery for charging. According to this charging equipnent, it
i s possi beeontiargfbattevel yobrayenits \pastigfiveldi 3olargehén ovné heesmobndar y
battery and at the sane tinme to be able to charge the second voltage to
t he secom@atpgbagndryofrestayft dHtanging anderf sbes favheabiaazemdigtian
restarted. The 60th invention is the charging equi pnent according to the
59t h i nvéRePoAf dRBREIArIBENg HhS HeFardryobaftars-to 36

The 61st invention is the charging equipment according
to the 59th invention, wherein it is when the secondary battery
voltage is the third voltage lower than the second voltage that
the second voltage feeding means -applies the said second voltage
to the secondary battery for charging. According to this
charging equipment, it is possible to restart charging under the
favorable condition free of deteriorating the secondary battery
only by judgment of the battery voltage without counting passage
of time.

The 62nd invention is the charging equipment according
to the 59th invention, wherein the potential difference between
one end and the other end of the switching means is detected for
judging that the said secondary battery voltage is lower than
the second voltage. According to this charging equipment, it is
possible to accurately judge the battery voltage at the restart
of charging;

The 63rd invention is the charging equipment according

to the 59th invention, wherein it is judged whether or not the
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<. .. 46 00 000 go judge that
the secondary battery voItage rs Jomer than"the second voltage is when it
is judged that the voltage is i ower.sthan, ghe isgcond vol tage again in a
specified tine after it is jqu detite ! €a8E.ONCE that the voltage is | ower
than the second voltage. According to this charging equipnment, it is
possible to charge the secondary battery with the second voltage when the

secondary battery volta e i ositively lower than the second voltage and
to restagﬁlghé?ﬁgﬂﬁaﬁﬁ %EP VRIGPAS &ScORUPEi BhanttRe idiet’ianst ati ng

h he ch
;L‘ﬁofS?ﬁgdi‘%g?ﬁt SOVHT S b bk SR SPASTBRY (EC LSt ”‘?i"ﬁdamery
voltage kg %Qelwé@t}\{&ﬁtf@eeé ‘Q?{fle%a%u&%nge ? 0111&?9&%% gthe second

vol t age I'ng means app FesHhe sa1d “Secon e secondary

battery LogeEhehgl MGandCEONdlislikd O S 6hBLEL Y u&l’?f?gl%h%fgi possi bl e

to restart c arg ng under t favorabl e con on free orating

the secoggal ymbat| eéryar@md %dé&@htﬁ:hé@e@éﬁ&%éﬂﬂ&éé age d/axtﬂl@at

counting passage of 62nd i'nvention is the chargi ng equi prent

accor di ngutt énlewh&h htlhé\\/cﬁfﬁlfélft pleigign ihhenpol 8ad | @l ret { £ erencsiet ween
one end and the other end of the switching neans is detected for judging

t hat t hethahdthecopelal §iddttaue Yddraggampleowen thancasdeosaaand vol t age.
According to this charging equipnent, it is possible to accurately judge
t he batteigindtyagt zerehe arebtidr tis @bsshaﬁgrhg pfeeeﬁerchangangran1a s the
char gi ng equi pnent accordi ng

low voltage when the load current exceeds the specified value.

The 64th invention is the charging equipment according

to the 59th invention, wherein the potential difference between

one end and the other end of the switching means is detected

when the said secondary battery current is judged lower than the

specified current when the said switching means is turned off

and it is judged that the said secondary battery voltage is

lower than the said second voltage. According to this charging

equipment, it is possible to judge the restart of charging by

accurate voltage judgment based on the potential difference

between one end and the other end of the switching means only

when the current flowing in the load current is lower than the

specified value.

The 65th invention is the charging equipment according

to the 58th invention, wherein when the said control means

judges that the charged volume of the secondary battery is lower

than the specified volume, the switching means is turned on and

at the same time, the first voltage feeding means is selected

with the said selecting means to apply and charge the first
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to the 59th invention, wherein it is judged whether or not the 37 said
secondary battery voltage is |owes..than.the.said second voltage when the
current of the said secondary batte;y is3q,ydgeqd:. to be | ower than the
speci fied current val ue when the®&al .. sw't'clti ng neans is turned off.
According to this charging equipnent, charging processing at the second
voltage is carried out only -when the current flowng in the load circuit
is | ower ihan t he specified. valuye (for exanple, in the case of the

Vi G ni LyVBHt38R YO SRl THCTRAIY, SRR o PRAVEREN CHAP TORFERL &A% vol t age
when the.l gad current, exceeds 1he.specifli val ue. .The 64th invention is

t he char §F§8e%q %ﬁe’hlfe accc%ao]'srjgtﬁqlné' OJIugnet ﬁg gg?hs?ﬁggﬂﬂ%nt,’a%eel%iw t he
potentia i renc I . an h ts i t chi ng
nmeans i séag%é%(?edg %%%%sleﬁ%c]Q’sog'cr&glr?da??gbg‘f’gﬁ@{%‘g;}?%%s ilgsejtﬁl gnee | ower

than the,egpeghdied G reile WGR the %@'beggﬁt,&f@g g f@é&‘?ni%nﬁ‘&{{s”% of f

and it is judged that the said secondary ery voltage i ower than the

sai d secgafle¥obl Age- e U el tlifigs meRALYi B8 €Re! B Jd1ta5dPagsi bl e
to judge the restart of charging by Taccurate voltage judgnment based on the

pot ent i ahppliéerencehe haiomrnmgndatrergndot BRangbethenshd witeh M chi ng
means only when the current flowng in the load current is | ower than the
speci f i eswyathing Theadttunmaderin @y ithet henthal gofHigt e urguerdl aeemisdi ng to
the 58th invention, wherein when the said control nmeans judges that the
char ged vbénnehefcuheeredomiaing at téeysesohdary batkery hes spetgedd ed
volume, the switching neans is turned on and at the sane tine, the first
vol t age f@aNnkP n%%n]go"i’%r s itdhe spechAfipd ¥alde sat ekeasiy edd® to apply

and charge the. first 38 )
pecified time after the control means judges that the current

flowing in the secondary battery is lower than the specified
value with this second voltage feeding means selected.
According to this charging equipment, it is possible to
effectively prevent wasteful discharge from the secondary
battery as well as to judge the restart of charging based on
judgment of the current.

The 66th invention is the charging equipment according
to the 65th invention, wherein the current flowing in the
current path connected to the said secondary battery different
from the current path fed to the said secondary battery via the
switching means is detected for the current flowing to the said
secondary battery. According.to this charging equipment, it is
possible to detect the stable current value not subject to
fluctuation of voltage applied.

The 67th invention is the charging equipment according
to the 58th invention, wherein the first and the second |

switching means are provided in parallel as the said switching
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C e e voltage to the secondary battery, and when the control
means judges that the charged.volape..ok.d&he. secondary battery is charged
to the specified volume, the swijch{pgsregnss.iis:turned off, and at the
sane time the second vol tage feetl.ay atans ‘is selected by the said

sel ecting neans, and the second voltage is applied to the secondary
battery to change the sane with the sw tching neans turned on by the
control of the control neans. when the current flowing in the secondary

battery MEAPHIFIRY 2 LRRFEIY TGN CURRHEt BEABPedf f TRUNSSTRE R Yheast in
th ifi ti ft th t jud th th t

lovi g PRl SfRchiag mdaHer PHA Snalic ERen GHeFREa cpotude caf W8 e with
b . | SheC . \

cqui pronteePiERtP ISl 655 Nk TRAR L RCEE Sone e b Al b e Eisir oo T rom
the secopgiife, Pehd of ¥ &S WPldcifhd Rebdogst PErhE!ahtaflh Chardldspased on

judgnment of the current. The 66th T nvention 1s the chargi ng equi pnent

accor di ngwitenihg REIks | 1 &idiy oMFCr 8hA hbecryrs8nd €1 ming i tdhe
current path connected to the said secondary battery different fromthe

current pelbafedféadimg reeinb j:‘i%c@@Q@b‘f_ehabyetueVé@lé&\@in%%é&’fﬂ R Means is
detected for the current flowwng to the saird secondary battery.
Accor di ngppbyt&md cleargp nheediiigsrerbltaei 8o phs ssdtendargdasietihe asidabl e
current value not. subject to fluctuation of voltage applied. The 67th
i nvent i ovheés the etrtrphgneaqs prdgesatbetdihg chargédd E@tume rofertheon,
wherein the first and the second sw tching neans are provided in parallel
as the s8PECBIRFY PGty .is charged to, the specified volume, the first
and the second switching means are turned off and the second
voltage feeding means is selected with the selecting means, and
when the control means judges that the second battery voltage is
lower than the second voltage with this second voltage feeding
means selected, the control means controls to turn on the
second switching means and to turn off the first switching
means, and the output of the constant current output means is
'supplied to charge the secondary battery. According to this
charging equipment, it is possible to achieve favorable charging
by constant current.
The 68th invention is an integrated circuit for
controlling charging of the secondary battery in which control
is carried out for selectively supplying the first voltage and
the second voltage lower than this first voltage to the said
secondary battery, and when the secondary battery is judged to
be nearly fully charged based on the judgment of the detected

charging current while control is being carried out for applying

and charging the first voltage to the secondary battery, control
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means and a constant current output nmeans is connected to the second

swi tching neans, and when the eharged.yolsind of the secondary battery is
judged to be | ower than the specifred ¢volure,:.s.he first switching neans is
turned on and the second swi t'eli’™ng’ hedns &'t urned off, and at the sane
time the first voltage feeding neans is selected by the selecting neans to
apply and charge the first voltage to the secondary battery, and when the

(s pud t hat t h, d I f the, secondary battery is
Char god 15 CREFLRACOTT ofP LA GV 50 CARCePRUIGRLOAY S i ng Means

i ' I dwthth
el ect | ngeneatsPOhraE FEH sy kéiﬁfsf?a%é‘m%e Si%heicséetice :rggg it ggy
- T%ﬂ scand . S MO
\r/rggtngggeFégit:%gye% te co %@gﬁémsans a\é%k){er%g %%OB?EE%]?%n %Crﬁ%ﬂusn gg%%s,a\ﬂet chi ng

means angat8qt YNkl fiddinddt Y D RLBG APARSro A dfteraut
§elo iy

Rt L he
constant current output neans I's supplied to charge’the secondary battery.

Accor di ngoherbhi 6 SHSTE Mg 1Al MRRnd kb1kagBOSS| B End QREIANE favorabl e
.charging by constant gﬁ?ggnt. The 68t h inve%tion i's 5% integréfed circuit

for contontrohgishedgi i Wut Morsetendanhy Bebtety tie AP e dPlor 1S
carried out for selectively supplying the first voltage and the second
vol t age tbeefitsarnvaehiagd itsttheolsagpmdaayt hatsary. eeasething ad tegriy, and
when the secondary battery is judged to be nearly fully charged based on
t he j udghRhegnated e deqwict edondiralgifog chargnngwhe | she ahitlloichagdeci ng
carried out for applying and charging the first voltage to the secondary
batt ery, CeBALE&PN Ay | Ghe firsdd velitaper ishaagrigd ovet amly hwhegppibiecat i on of

the second voltaqg to the secondary batterx, and when the secondary
remalining pattery volume lowers to the specified volume.

Consequently, after the battery is charged to the full-charge
condition once, charging to the full-charge is repeatedly
carried out every time the battery lowers to the specified
battery charging remainder, thereby maintaining the secondary
battery condition constantly to the nearly full-charge
condition, and at the same time, because except when charging to
this full-charging is carried out, the second voltage lower than
the first voltage is applied to the battery, the secondary
battery does not reach the full-charge condition continuously,
enabling favorable charging control in which deterioration of
the secondary battery performance caused by continued
full-charge condition can be prevented.

The 69th invention is an integrated circuit according to
the 68th invention, wherein when the temperature is higher than
a specified temperature based on the judgment of the detected
temperature inside or in the vicinity of the secondary battery,

control is carried out for applying the third voltage across the
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battery is judged to have a specified battery remai ning voltage based on
the judgnent of the detected charghng.ﬁuuaent while control of applying
this second voltage is being underway,o-eqntf ol.;is carried out for changing
over to the application of tha. Tr.r.st..\?ol.rage' to the secondary battery.
According to this integrated circuit, control for charging to the

full -charge condition by the first voltage is carried out only when the
remai ni ng.battery vol une dggfrs to the sge0|f|ed vol une. Cbnseq:ently,

after thtlhSFt¥P t?%ec?féq SEE Qs EﬁaFBeth%o%%???%reraet & gi ng
to the f

Lo the sBeerfashd e b Hedtnanss Sty 1B S ot bl S g he C"°
secondar ;favaééﬁf{,yﬁpgg'éat%h% yg%&tkgltaﬁ%fsa&gg%%gééln&;a{&e this

condi ti on ause exce argl
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vol tage 1s applied attery, the secondary reach

the ful | tenpepeLepPEdidOHLAUHd HauelYy. enabling favorable char gi ng
control in which deterioration of the secondary battery performance caused

by continued fufhechotgeimenshidoiscan hatphereatedirdher 6 dotMaPtdPN s
an integrated circuit according to the 68th invention, wherein when the

t enper at the 6%thi ireent ham, wheseeici fthedthénmieval tage hibs atbryrdlieed wdgnent
of the detected tenperature inside or in the vicinity of the secondary
battery, bec@ﬂlﬁtbﬂlU@@Sb}ar\raleic?d)thanGdr oapphegi ngdgéd témpelratitege across the
41 .. . . first voltage and the second

vol t age ReCORGiBGCEMmdiS Udt‘%eegrrwtedA€é§€§th thetphargimegrelittayeicasui t, it

is possible to
be finely controlled in accord with the temperature at the time

and charging can be more favorably carried out in accord with
temperature.

The 71st invention is an integrated circuit for
controlling charging of the secondary battery in which control
is carried out for selectively supplying the first voltage or
the second voltage lower than this first voltage to the said
secondary battery, and when the secondary battery is judged to
be nearly fully charged based on the judgment of the detected
charging voltage while control is being carried out for applying
and charging the first voltage to the secondary battery, control
is carried out for changing over to the application of the
second voltage to the secondary battery, and when the secondary
battery is judged to have a specified battery remaining voltage
based on the judgment of the detected charging voltage while
control of applying this second voltage is being underway,
control is carried out for changing over to the application of

the first voltage to the secondary battery. According to this
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favorably carry out charging control while suppressing the deterioration
of performance of the secondary. baitesy..dua.to tenmperature rise of the
battery. The 70th invention ig gn 1qtqua1ed ¢jsrcuit according to the 69th
i nvention, wherein the third vol't'age..S..cbhtfolil ed to be continuously
varied based on the judged tenperature. According to this integrated
circuit, the charging voltage can be finely controlled in accord wth the

t t t d ch b f b d out
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secondary be nearly | y=charge ased on the
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out for applying d charging t st vo e to the secondary ttery,

control cbhd§@ibhegned} émr?ﬂ@g{@&&vehmocme g8PRLi sepéedly the second
voltage to the secondary battery, and when the sécondary battery i s judged

to have aagpaedf ot babteryimedidibygteayt ageerbasedtns §peci eigrent of the
detected charging voltage while control of applying this second voltage is
bei ng untetweyy changing remxnderd tdwirebyr malhangindgngvehe t seddredary
application of the first voltage to the secondary battery. According to
this 42 batsgratednditiontconprantly ftor thikangandyt 6ul hechargechar ge
condition by the first voltage is carried out only when the remajning
battery ¢6RdAtipBwedBdtat (ke s5AREe ftilde v Hegause epaspfuehen Chafqiang thiee

battery is.charged to the full-charge
this full-charging is carried out, the second voltage lower than

the first voltage is applied to the battery, the secondary
battery does not reach the full-charge condition continuously,
enabling favorable charging control in which deterioration of
the secondary battery performance caused by continued
full-charge condition can be prevented.

The 72nd invention is an integrated circuit according to
the 71st invention, wherein when the temperature is higher thaa
the specified temperature based on the -judgment of the detected
temperature inside or in the vicinity of the secondary battery,
control is carried out for applying the third voltage across the
first voltage and the second voltage to the secondary battery.
According to this integrated circuit, it is possible to
favorably carry out charging control while suppressing the
deterioration of performance of the secondary battery due to
temperature rise of the battery.

The 73rd invention is an integrated circuit according‘to

the 69th invention, wherein the third voltage is controlled to
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condition once, charging to the full-charge is repeatedly carried out
every time the battery lowers {8, the¢ spngeisfised. battery charging remai nder
t hereby maintaining the secondary -°battery, eongdijion constantly to the
nearly full-charge condition, -ant.df.i’Re.*San®e ti me, because except when
charging to this full-charging is carried out, the second vol tage | ower
than the first voltage is applied to the battery, the secondary battery
does not _reach the fu]l-charge.condition. continuqusl enabl i ng favorabl e
SRS iR
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the third voltage across the irst voltage and the second voltage to the

secondar ycbatd ekich Asgsumitigd.0 this integrated circuit, it is possible to
favorably carry out charging control while suppressing the deterioration

of perfornmance ofhé hedskcimdantyidmtitseran dueeyypatba@nperad it efét se of the
battery. The 73rd invention is an integrated circuit according to the 69th
i nvent i onenthel kimg tdleandingl ofolthegeecondenyrbhteeryp whkrein the .. ... ..
$00 go be continuously varied based on the judged tenperature. Accordin

to this dategred ecrlue i tthe Ipotemsigilngcvobsagee camd dred ftiheelotheantend! | ed
in accord with the tenperature at the tine,  and control of charging can be
nor e favgﬁagm? switehing megns for controlling start and stop of the

supply of the charging power supply to the secondary battery or
the potential across one end and the other end of the secondary
battery is judged while control for supplying the low-voltage
charging power supply to the secondary battery is being carried
out, and when this judged potential is a specified potential,
control for turning on the switching means is carried out and at
the same time control for setting the charging power supply
supplied to the secondary battery to the specified potential is
carried out so that control for starting the charging to the
secondary battery takes place. According to this integrated
circuit, it is possible to control the switching means and to
detect the secondary battery condition based on the detection of
the potential across one end and the other end of this switching
means or the potential across one end.and the other end of the
secondary battery, thereby enabling accurate detection of the
secondary battery condition as in the case of conventional
pre-charging. Consequently, it is possible to precisely detect

the secondary battery without providing a charging circuit
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accord with tenperature. The 74th invention is an integrated circuit for
controlling charging of the secondasy .bajtery, .wherein the detected val ue
of the potential across one end gnde.the othbr e&nd of the switching neans
for controlling start and stop'of'the..supphy'oﬁ t he chargi ng power supply
to the secondary battery or the potential across one end and the other end
of the secondary battery is judged while control for supplying the
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control for starting the charging ary battery ta ace.

Accor di ngh074bhSihPéRE G edvhdiidiGlithe tbtbetB@SSAPEE 40 Gt R edititnl
switching neans and to detect the secondary battery condition based on the

det ecti oacebsst bre pohi@indltiReaderoeadedd 8nd sdComddey wnckafy tditer
switching neans or the potential across one end and the other 'end of the

secondar yhbas ded ychahgi e \beiale iisg jadgedat andetestion D dderiseeandary
battery condition as in.the case of conventional . pre-charging.
Consequethol yaise the matwmtial of whecicbergidgt pover thepskeaidary battery

wi t hout providing a charging circuit 44 .. speci al i zed for

pr e- char @FAgrdandei vith thessingreass sitnphef judaed potentiakonfiapamstingn of
the chargi ng equipnent. The 75th invention is _an integrated circuit
accor di ngot N1 ENTRYFAL R SHETHEE whEr dSnPPRE1IREE b dtPIthe droveade

potenti al across pne end and the other end of the sec,ondarf/ battery after
supply applied to the switching means nearly uniformly, thereby

enabling the control for maintaining the switching means to a
favorable condition.

The 76th invention is an integrated circuit according to
the 74 invention, wherein the detected value of the potential
across one end and the other end of the secondary battery after
the charging begins is judged, and control for raising the
potential of the charging power supply by varying it in a
plurality of stages in accord with an increase of the judged
potential. According to this integrated circuit, it is possible
to nearly uniformly keep the electric power applied to the |
switching means, and it is also possible to keep the switching
means to the favorable condition. In this case, since voltage
is allowed to be varied in a plurality of stages, a simple
control is only required for control of the voltage circuit.

The 77th invention is an integrated circuit for
controlling the charging of the secondary battery, wherein if it

is judged that the battery reaches a specified electrical
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t he said charging begins is judged, and control is carried out to raise
the potential of the charging pewer.supply in .,accordance with the increase
of the judged potential. Accorﬂing-,fogﬁhLéd‘dgggrated circuit, it is
possi ble to hold the power supp!e.appli.ed*tg the switching neans nearly
uniformy, thereby enabling the control for maintaining the swtching
neans to a favorable condition. The 76th invention is an integrated
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circuit, it Is possible y “uni y keep t rc powe

appl i ed EenkR8ntS¥b1€RGAY SRSy i N but and iltSQspgﬁabéhetlﬁ&t kegp the
swtching neans to the favorable condition. In this case, since voltage

i s all owedcbadheyvbatesry réadiad alHd Yefr 15t #ge$ -chasy8al €ondidw) is only
required for control of the voltage circuit. The 77th invention is an

i nt egr at edneirvtuis ¢arriedmbuvldo ngpstdeetclthrgchgrolinghepeesohoiaryf aid ery,
wherein if it 1is judged that the battery reaches a specified electrical 45
Y secooddryi batbexseda Drex e spesdiffiedd temecpassas fievmcthion dat a
related to the secondary battery after carrying out the control for

st oppi ngJBAEMEREr 9f nghbpesRRG Bhiath&d esharigiadgcopaihierbn YcchinGirto
voltage is carried out and it is judged that _the secondarg battery reached
t he nearFPlFuFPtﬁﬂﬁ?B%@ ottt ot 1S possible to designate the time to

restart charging once it comes in the full-charge state (or
nearly full-charge state) to the time in which a specified time
is added to the time for a battery to reach a specified
electrical condition, and even if any error exists in the
detected battery condition, it is possible to secure a certain
time for returning to the full-charge condition, and it is
thereby possible to carry out favorable control to prevent
deterioration of characteristics of the secondary battery caused
by continuation of the full-charge conditions.

The 78th invention is an integrated circuit according to
the 77th invention, wherein the said specified electrical
condition is judged by judging that the battery voltage of the
said secondary battery reaches the specified voltage. According
to this integrated circuit, it is possible to exactly judge the
condition of the secondary battery by the judgment of the
battery voltage.

The 79th invention is an integrated circuit according to

the 77th invention, wherein the said specified electrical
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control is carried out to restart the charging operation of the secondary
battery after a specified time passees.dr.om this judgment of this specified
el ectrical condition. According to e thitd«i feegrated circuit, it is possible
to designate the tinme to restant* chargi.ng *Qircetit cones in the full-charge
state (or nearly full-charge state) to the tinme in which a specified tine
Is added to the tine for a battery to reach a specified electrical
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vol tage of the said secondary battery reaches the specified voltageée.

Accor di ngondl £t i &h Sby N eimired oA &%@ibhakbihg Pessée € to exactly judge the
condition of the secondary battery by the judgnment of the battery voltage.

The 79th inventiDhei80ah imteagridredsciancintegeabedi dfréwit tdecoriihg to

I nvention, wherein the said specified electrical 46 s Y Y - .
s r the479th comdint ion i svhamgaed controdigisgnadatte repmlhartdieng adidr r ent
reaches a specified current value when a specified voltage is applied to
t he secofpafyfibedteeltage dor dihey segondiasyi hatery edvhich is lower than

the charging voltage of the said constant voltage. According to
this integrated circuit, it is possible to detect the secondary
battery condition by the voltage lower than the charging
voltage, and to properly detect the battery condition with a
load applied to the secondary battery reduced.

The 81st invention is an integrated circuit for
controlling the charging of the secondary battery in which
charging is carried out by constant voltage charging to judge
that the secondary battery reaches the nearly full-charged
condition, and after control for stopping the charging operation
is carried out, the specified electrical detection data related
to the secondary battery is judged every time a specified time
passes from the stopping of this dharging operation, and when it
is judged that the battery enters a specified electrical
condition by this judgment, control is carried out for
restarting the charging operation. According to this integrated
circuit, it is possible to keep the time open at least for the
specified period from the time when charging is stopped once

full-charge condition is attained to the time when charging is
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circuit, it is possible to exactly judge the secondary battery condition
by judgnent of the charging cupsgntss THg-80Lh i nvention is an integrated
circuit according to the 79th‘|mventlcn:uwhernrn control is made to apply
the said specified voltage to'4hée$éedndery.battery, which is |ower than
t he charging voltage of the said constant voltage. According to this
integrated circuit, it is possible to detect the secondary battery

dit by th I h th t dt
detect 't RE? arréré‘)‘e%ﬂ%%w 3%&?%@% St Lo A8 aPE 8V ERETbachar y bt t er
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nearly full-charge condi tion, after co for stopping t har gi ng

operati ORhel 8168r 1h®&nO¥én, txh?e:?@ﬁ?'édrﬁdiﬂ' g6t eaeeheéeéeettenr&@wﬂr el at ed
to the secondary battery is judged every tine a specified tine passes from

the stopphagg@hgt Afsethar ghHagi Ped aliin@) padd@sWieBm thei €ihddgiesh that the
battery enters a specified electrical condition by this judgnent, control

IS carri egeodfibdreleestacal ngprdie: icdarig adgeer. at Rooordéngr€h nghi this
integrated circuit, it is possible to keep the tinme open at |east for the
speC|f|ednpegmeueﬂronIGhett|IM3Nﬂuposﬂmhiy g merst eppedtiveky éeddnmharge
condition is attained to the tinme when char is 47 . . .. . .. ... .

the timesbaferd, it Hegtabsnerablthey f@gﬂrﬂbarm cen@rtew@marwg the
deterroratron of the secondary battery characteristics. The 82nd invention
i s an i nf@gRaiBATEVRCENE @EERF iR RESVent deterioration of the

secondary battery characteristics.

The 83rd invention is an integrated circuit according to
the 8lst invention, wherein the specified electrical condition
is judged by judging that the detected charging current exceeds
a specified value while control for applying a constant voltage
or specified voltage lower than this constant voltage is being
applied to the said secondary battery. According to this
integrated circuit, it is possible to accurately detect the
secondary battery condition from judgment of the charging
current.

The 84th invention is an integrated circuit according to
the 8lst invention, wherein the specified electrical condition
is judged by judging that the detected secondary battery voltage
reaches a specified voltage. According to this integrated
circuit, it is possible to accurately detect the secondary
battery condition from judgment of the charging current.

The 85th invention is an integrated circuit according to

the 84th invention, wherein control is carried out so that at
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‘the 81st invention, wherein control is carried out to restart charging
after a specified time passes fqomgle, f--rpewpien the specified electrica
condition is judged. Accordlng ho tiﬂs‘“Tn!%gtated circuit, it is possible
to nore effectively secure the t'hi'E befefbe it freturns to the full -charge
condition and to nore inprove the effect to prevent deterioration of the
secondary battery characteristics. The 83rd invention is an integrated
circuit accordi t he 81st dFventlon wherejn the specified electrical

Condi {1 oLeast Shel RRPTGY i red HOr fRBeqbiog; the JHaT RN, Yakhada Biceeds
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circuit according to the 8Ist invention, wherein the specified electrical

condi ti 0fol t&gé Ukee eird udgiing n&a&ebl&ard@aﬁct@@wﬂﬁr@a{d thatst ery vol tage
reaches a speC| fied vol tage According to this integrated circuit, it is

possi bl eihbegeatedtiel nowlied ecit tilze ppeedbllar yo datieryutt ashidasin forom
judgnent of the charging current. The 85th invention is an integrated
circuit efﬁecd1vgﬂ¥cpr¢¢unﬁﬂhd1uhevdabreasembérEemarmmmg(ﬁoltaggammmsédout SO
that at 48 . . least the energy required for
det ecti nthh%p%uIeg ;demﬂqwlgm iorf tﬂiﬁebsatarze@@m@atyorba\t@’yy specdddiegned to

be charged to the
time.

The 86th invention is an integrated circuit for
controlling the charging of the secondary battery, wherein
control is carried out for selectively supplying the first
voltage and the second voltage lower than the said first voltage
to the secondary battery, and detected value of the electricai
condition of the secondary battery is judged, and in accord with
the judged detected value, the first voltage and the second
voltage are selected for the voltage to be applied to the
secondary battery, and ON-OFF control is carried out for
applying the selected voltage to the secondary battery.
According to this integrated circuit, it is possible to select
the first and the second voltages for the voltage applied to the
secondary battery, and at the same time, to be able to carry out
ON-OFF control of the application of this selected voltage, to
prevent discharge from the battery to the charging circuit side
when charging voltage lower than the battery voltage is
established, and to enable the control for preventing wasteful

discharge of the secondary battery when voltage applied to the
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secondary battery when it is judged that the detected value of the
secondary battery vol tage doegeqob-gt-t a¢+n- {Regspecified voltage and
charging is not restarted. Acdonmlu;tthht?..hntegrated circuit, it is
possible to carry out control *$Or e ehpeobl Vel y lpreventing the decr ease of
remai ni ng voltage caused by repeating detection of the battery condition
every specified tine. The 86th invention is an integrated circuit for

controlling the chargln t seconda battery, wherein control is
carried BEFORORTEPRELFLAEI s’*\l}éﬁ"ﬁﬂ%éot YRFL8d- vol t age and the second
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sel ected voltage to the secondary battery. According to this integrated

circuit, sbboh8apPpsSsabter 0 Selertjudded thast ta8dsébEonseepWhiadtadges for
t he voltage applied to t secondar’y battery, and at the sane tinme, to be

able to enatyequto ﬂNaQ:Elr_e@i)ﬂ’hléd)|vd1funfe|)etﬁ§p‘sé66hdosﬂoptf.a diis spileeited
vol tage, to prevent discharge fromthe battery to the charging circuit

si de whandcharghagsame ttage lcwirdlihdort harhahyeo§f viohd agepl cateisdmbkifi shed,
and to enable the control for preventing wasteful discharge of the
secondar yhbat vel yaghero vidie Eprcapidtyedatseriie a49d oftot o judged that to a*
to secondary battery is allowed to be vari ed.

under this condition, the secondary battery voltage reaches

below the second voltage, control for turning on the application

of the second voltage to the secondary battery is carried out.

According to this integrated circuit, it is possible to

effectively prevent wasteful discharge from the secondary

battery and at the same time to be able to control of the

charging of the second voltage to the secondary battery free of

detrimental effects when charging is restarted.

The 88th invention is an integrated circuit according to
the 87th.invention, wherein to judge that the secondary battery
voltage is lower than the second voltage is when it is judged
that the voltage is lower than the second voltage again in a
specified time after it is judged at least once that the voltage
is lower than the second voltage. According to this integrated
circuit, it is possible to charge the secondary battery with the
second.voltage when the secondary battery voltage is positively
lower than the second voltage and to restart charging under the

favorable condition free of deteriorating the secondary battery.

The 89th invention is an integrated circuit according to
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The 87th invention is an integrated circuit according to the 86th

i nvention, wherein when based ,on thg, v Lughgment sof the detection val ue of
the electrical condition of tHe sard: &sttelttagyi.battery, it is judged that
the secondary battery is chargedeto #he+$peci fi ed vol ume, the second
voltage is selected and at the same tinme control for turning off the
application of this voltage to the secondary battery, and if it is judged

t hat under is condition, the secondar attery.vol.tage reaches bel ow
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is an integrated circuit according to "the 87th invention, wherein to judge

that thecseeandar ytbas tgsysinmd tt&QQ:e!sS:aJIQV\@haﬁrﬁiﬁgt findeeceond FaldaaRId S
when it is judged that the voltage is |ower than"the second voltage again

in a speontiiedohi fice@fdLrdetieriogatdged the keashdangebabeéry henmpldyage s
| ower than the second voltage. According to this integrated circuit, it is
possi bl e judgmhat gef t tiee Sotioreiey Wwdldtager wiwhbhtt heunsingnpayedgaget when t he
secondary battery voltage is positively lower than the second voltage and
to restattmghargi ng under the favorable condition free of deteriorating

t he secondary batterg. The 89th invention is an integrated circuit
according to 50The 90th ipyRNBIRH 5 \AEhaNFRITAKEAerATFRLE sagPRFAIRY j kO

j udged that the econdary battery volta i.s the third volfage | ower than
{heg tge %7th fnventfb ’ ﬁ%erefﬁ it 1sg%udged that the sa{dg%econdary

battery voltage is lower than the said second voltage when the
current of the said secondary battery is judged to be lower than
the specified current value when voltage application to the said
secondary battery is turned off. According to this integrated
circuit, charging processing at the second voltage is carried
out only when the current flowing in the load circuit is lower
than the specified value (for example, in the case of the
vicinity of zero), and it is possible to prevent charging at a
low voltage when the load current exceeds the specified value.
The 91st invention is an integrated circuit according to
the 87th invention, wherein when the secondary battery current
is judged to be lower than the specified value when application
of the voltage to the secondary battery is turned off, the
potential difference between one end and the other end of the
switching means for carrying out the ON/OFF control is detected
and the secondary battery voltage is judged to be lower than the

second voltage. According to this integrated circuit, it is
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second vol tage that the said second voltage is applied and charged to the
secondary battery. Accordlng143I+ws.vnregr&ted circuit, it is possible to
restart chargi ng under the favorabre- &Sﬁghrhdnufree of deterloratlng t he

secondary battery only by judgnenr ok ehe battery vol tage w t hout counti ng
passage of tine. The 90th invention is an integrated circuit according to
the 87th invention, wherein it is judged that the said secondary battery

voltage is |0 r than he said second volhage when the current. of the said

secondar PORELPLRVEP TRy SP] FarFaTdneE € 91Pﬂeb¥p%ﬁ94¥%ﬁﬁcﬂﬂ#ﬁ§ﬂ? val ue
wh I I h d d t t ff
Acﬁé‘ré?néﬁﬁﬁméﬁ?sfv%%%égé‘%it@aé el GREPGTRECR beteen Pl i Pbond
voltage {ReCathlpldend'br AN MIRRHING GUALENG {,Owﬁ&g L L O8-LaAd ol reult
is | ower than e speC|f|ed val ue or ex anppe 'Rt he case of

vi ci ni tyf%w;ﬁgoin and 1dad }Sﬁgﬁegiéﬂl% hg 56 gh €h r%&&lﬂe@ vah% vol tage

when the | oad Current excee speci 91st T nvention is an

i ntegrated circuirheassRl difgedion NS &t hnttag%aibencw@ﬂ@&bma &q
secondary battery current is judged to be |ower than the specified val ue

‘when apphecastBnin@ént hen yaliags i thbhelseignﬁadge@aﬁﬁ@tf YeHes dHirREG of f,
the potential difference bet ween one end and the ot her end of the

swi t chi ngolmemasof othe asegomipmutbatte rPNiSFFovent tivdn i sheledmeiicftiedand t he
secondary battery voltage is judged to be | ower than the second voltage.
Accor di ngolumehi conrehrig ethmiiesliout ifori subfing.on the .applicatian of .
. IS . possible to judge the restart of charging by
accuratetbélngEage to the secondary battery to charge the same with the
first voltage selected, and when it is judged that the secondary
battery is charged to the specified volume, control is carried
out for turning off the application of the voltage to the
secondary battery with the second voltage selected, and when it
is judged that the current flowing in the secondary battery
again at least after a specified time after it is judged that
the current flowing in the secondary ‘battery is lower than the
specified value with this second voltage selected, control is
carried out for selecting the second voltage and turning on the
applicatién of the voltage to the secondary voltage for
charging. According to this integrated circuit, it is possibie
to effectively prevent wasteful discharge from the secondary
battery as well as to judge the restart of charging based on
judgment of the current.
BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 is an explanatory diagram showing one example of

charging characteristics of a lithium ion battery.

FIG. 2 is a structural diagram showing one example of a
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j udgment based on the potential difference between one end and the other
end of the switching neans only*sten,thgrseyrrent flowng in the | oad
current is lower than the spegifjels¥aftiés™deB2nd invention is an
integrated circuit according toé* t*he *86t%t ittvention, wherein when it is
judged that the charged volune of the secondary battery is |lower than the
specified wvolune, control is carried out for turning on the application of

the voltage to the secondary battery to charge the same with the first
vol t age §gf‘¥8{1569n3id09\?15911€{91 ‘?%”jﬂ%*é‘é"d that the secondary battery is

h dto th ified I l. is,. i ed t f t i ff
char ged 10 the SReg, ! hos R M SRl BiaBhedpoBhol Shalariu 1 ot
vol t age gﬁ%gﬁ%ggrigggcghgg‘éﬁ%égéngﬂgggg that the current flowing in the

secondary y~ agalrn at er a Spécified tine after it is judged

that the currengrl owi ng 4ns AgcSESONRRG R %%m’(&;gn{aﬁzeﬁﬁekhéﬁam

specified value wth this second vol tage sel ect ed, rol 1s carried out
for sel eplfi BHet B8nFEALNENYND| dieiey Bt dqulipmBdton the application of the
voltage to the secondary voltage for charging. According to this
integrated circurtG.ib is poskatdeteritigld edibigrahy shoRYagt chasd Eidil

di scharge fromthe secondary battery as well as to judge the restart of
char gi ngchasedtenistidgnehttlod dxwenpdier oEnFIGBREEF DESCRI PTI ON OF DRAW NGS
FIG 1 is an explanatory diagram show ng one exanple of charging
characteristics BffiGa bi i4i ancharadatistic Aiggram shawingueharekamplagr am

showi ng one exanple of a 52
of the recharging condition of the conventional lithium battery.

FIG. 7 is a structural diagram showing a charging
equipment according to the first embodiment of this invention.

FIG. 8 is a flow chart showing charging processing
according to the first embodiment.

FIG. 9 is a characteristic diagram showing the charging
condition according to the first embodiment.

FIG. 10 is a flow chart showing charging processing when
full-charge detection is carried out by another proceséing in
the first embodiment. |

FIG. 11 is a flow chart showing charging processihg when
full-charge detection is carried out by still another processing
in the first embodiment.

FIG. 12 is a flow chart showing charging processing when
full-charge detection is carried out by still further processing
in the first embodiment.

FIG. 13 is a flow chart when control of charging
processing at the time of full-charge of the first embodiment is

carried out by temperature.
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conventional charging equipnent. FIG 3 is a characteristic diagram show ng
charging characteristics of t.hP. aroyml ercofeFkG 2. FIG 4 is a structural
di agram show ng anot her exanplse s of» %hé"(f@ﬂVer!ta.onal char gi ng equi pnent .
FIG 5 is a characteristic dlagranfshmmwﬁg vharglng characteristics of the
exanple of FIG 4. FIG 6 is a characteristic diagramshow ng one exanpl e
of the recharging condition of the conventional lithiumbattery. FIG 7 is

it L) A SR LAl
b ocese! Bl ARERE AOGARIDS hiat BB MR, S 30ty CONRISEH oL

di agram sho argl CONdiPEI6h ~accor

FIG 10 is a fl%@haﬁ f%oémﬂg)vﬁ%ra@tngh%ﬂﬁ Séhggct;#i'g?gr Sttgéesr%r%_rge

detection is carried out by anot processing In i ment .

FIG 11 h&c8rdiny &hate Md&geﬁ@aagmaatprocess' ng when full-charge

detection is carried out by still another processing in the first:

enbodi nent. FI Gri@.is6aid |é)\&_rﬁif’&rcite%h.@\&ilﬁgdﬁa?fgmngh@sﬁﬂ&ﬁfstﬂié]Q:H/HIQJI g
full -charge detection is carried out by still further processing in the

first enbondireidn dddeordihg cathkeoweebadt embedimemt r ol of chargi ng
processing at the tinme of full-charge of the first enbodinent is «carried
out by tenperatuFEG. 17 is a flow chart showing the charging processing
when voltage is varied in the three stages by temperature in the
second embodiment.
FIG. 18 is a structural diagram showing a charging
equipmént according to the third embodiment of this invention.
FIG. 19 is a flow chart showing charging processing
according to the third embodiment.
FIG. 20 is a structural diagram showing a charging
equipment according to the fourth embodiment of this invention.
FIG. 21 is a flow chart showing charging processing
according to the fourth embodiment.
FIG. 22 is a flow chart showing charging processing
according to the fifth embodiment of this invention.
FIG. 23 is a structural diagram showing a charging
equipment according to the sixth embodiment of this invention.
FIG. 24 is a flow chart showing charging processing
according to the sixth embodiment.
FIG. 25 is a characteristic diagram showing the charging
condition according to the sixth embodiment.
FIG. 26 is a structural diagram showing a charging

equipment according to the seventh embodiment of this invention.
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53 S. . :090000 . as . FIG 14 is a structural

di agram showi ng a chargi ng equi.pirent . .according to the second enbodi nent of
this invention. FIG 15 is:a ?onchanggsthLng char gi ng processing
according to the second enmbodiment..FlG *L6 s a characteristic di agram
showi ng the charging condition according to the second enbodinent. FIG 17
is a flow chart showi ng the chargi ng processing when voltage is varied in
the three stages t erature in the second enbodinment. FIG 18 is a
Structural d sor Efsham i & Cher et ietly SlestaoehPaRng Fhe: HRATd NG
enbodi ne L. thlS. ] ion. Rl G i |l qw chart show ng chargi ng
processi%éngéggg i%%8¥§&%%§'??n?%?eﬁﬁgéﬂtﬁb%FL°§%E§“€o is a structural

di agram show ng arghapgi ng aeg?%ﬁg%ﬁgequE%ggaﬁﬁShgﬁ%pgigogﬁgp%es odi ment of

this invention. FIG 21 is a flow chart s ng pro i ng

accor di ngqh@phbatf 28&bPd 8RGO Y e iififeh dbbaimehto¥rchis SRR DN,

chargi ng processing according to the fifth enbodi ment of this invention.
FIG 23 is a strepcturab diagrarshanwdly & fiandshewiaguaPeBatgaggording to

t he sixth enbodi ment of this invention. FIG 24 is a flow chart” show ng

char gi ngefiuépmeatngpptied did e diretlsiexibodéneadi 6enthié| avaliticn a

characteristic diagram showi ng the charging condition according to the

si xth enbodi nent FIG. 30 is a flow chart showing charging processing
according to the ninth embodiment.

FIG. 31 is a characteristic diagram showing the charging
condition according to the ninth embodiment.

FIG. 32 is a flow chart showing charging processing when
full-charge detection is carried out by another processing in
the ninth embodiment.

FIG. 33 is a characteristic diagram showing the charging
condition according to the example of FIG. 32.

FIG. 34 is a flow chart showing charging processing
according to the tenth embodiment of this invention.

FIG. 35 is a characteristic diagram showing the charging
condition according to the tenth embodiment.

FIG. 36 is a flow chart showing charging processing when
full-charge detection is carried out by another processing in
the tenth embodiment.

FIG. 37 is a flow chart showing charging processing when
full-charge detection is carried out by still another processing
in the tenth embodiment.

FIG. 38 is a characteristic diagram showing the charging

condition according to the 11th embodiment of this invention.
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FIG 26 is a structural diagramshow ng a charging equipnent according to
t he seventh enbodi nent of thi.s i.aventian... 34 FIG 27 is a
characteristic diagran1shomﬁhg§théfcbé&gﬁnggicondition according to the
seventh enmbodi nent. FIG 28 i.s* a.struc,aral di'agram showi ng a charging

equi pnent according to the eighth enbodiment of this invention. FIG 29 is
a structural diagram showi ng a chargi ng equi pnment applied to the ninth

nbodi nent of this i tion.  FIG 30Q i fl hart show ng. char gi
brocessi ng accoP 4Png Por? b HHRTE LA MBRED PREViny foSHebRMidct ar i ot i c
di | h ' di-ty ol i nt h enmbodi t.
Fl o 32 PattbRPal, SrErRiBiathe S A sREE R EER, 5P HAEs " e ™"
det ect i . ad ‘. y . : . . ‘.
FG 33 1s a charheterlsitee dh oy anaonon A Chazbfiatb eb0eErsas HP"
accordi ngLLo1bhs ExEOPIfe. FIG 32. FIG 34 is a flow chart show ng
charging processing according to the tenth enbodi nent of this invention.

FIG 35 is a charaetesisis Cadmgﬁajna&#w\yfhwih@ecﬁaegﬂhﬁgcoﬁ@ﬂﬁliéﬁqsy _
according to the tenth enmbodinent. FIG 36 is a flow chart show ng chargi ng
processi agewhodifiad | exdapDe ciettdet il@th embadimedtout by anot her processing
in the tenth enbodinent. FIG 37 is a flow chart show ng chargi ng
processi ng when Fi@ll| 42has ge stetwctimsl idsaganam etdowihgby shatgimmot her
processing in the tenth enbodi nent.
equipment according to the 13th embodiment of this invention.
FIG. 43 is a flow chart showing charging processing by
the 13th embodiment.
FIG. 44 is a structural diagram showing a charging
equipment according to the 14th embodiment of this invention.
FIG. 45 is a flow chart showing charging processing by
the 14th embodiment. 1
FIG. 46 is a structural diagram showing a charging
equipment according to the 15th embodiment of this invention.
FIG. 47 is a flow chart showing charging processing by
the 15th embodiment.
FIG. 48 is a structural diagram showing a charging
equipment according to the 16th embodiment of this invention.
FIG. 49 is a flow chart showing charging processing by
the 16th embodiment.
FIG. 50 is a structural diagram showing a charging
equipment according to the 17th embodiment of this invention. .
FIG. 51 is a structural diagram showing a charging

equipment according to the 18th embodiment of this invention.

FIG. 52 is a flow chart showing charging processing by
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FIG 38 is a characteristic diagram show ng the charging condition
according to the 11th enbodi rent..of..t bi,s inyention. 55 .. ... .. ... .. .
oot imiietiibee b f. 0 0 FIG 39 is a structural
di agram showi ng a chargi ng ‘egqui.pnent.,accqording to the 12th enbodi nent of
this invention. FIG 40 is a flow chart show ng chargi ng processi ng by
the 12th enbodinment. FIG 41 is a flow chart showi ng charging condition by
the nodifjed xamgle of the 12th enbodinent. FIG 42 is a structural

di agr am Ehﬁm}gbha YIS - equi prent according to the 13th enbodi ment of

; Eésléi‘ﬁﬁﬁ%%?ﬁ%ﬁ%& <ttt DS BIRRE o Show ho & ahar o1 ng
. . _ . ‘agram showi ng a charging
Flow char t show S €harGi b o cARRe U ol knd TpbBUERG AL Tt 26 7™

a struct ypabrdhag @ s v e & Y gireg 7@@@?9@@; according to the 15th

enbodi nent of this invention. FIG 47 is a flow chart show ng charging

processing by thegl5hiendoshdmotaidyram 48owing £heUSHT fuLhepspshow ng
a charging equipnment according to the 16th enbddi nent of this invention.

FI G 49 tBeachhpyifdiasduSimantI @ ig eabpaemess| nghdye Adepdvidh supply

enbodi nent. FIG 50 is a structural diagram show ng a charging
(about 100V-240V) from a commercial AC power supply 11 is
supplied to a transformer/rectifier circuit 12 to provide a DC
low-voltage power supply. This DC low-voltage power supply is
supplied to a constant current circuit 13 to produce an output
of constant current. And this constant-current output is
supplied to a movable contact 14m of a change;over switch 14.
First and second fixed cohtacts l4a and 14b of this change-over
switch 14 are connected to constant voltage circuits 15 and 16,
respectively, and a specified voltage is outputted from the
constant voltage circuit 15 or 16 on the side to which the
movable contact 14m is connected. In this event, the constant
voltage circuit 15 is designed to output 4.2V, while the
constant voltage circuit 16 is designed to output 4.0V.

To the positive electrode side of a secondary battery 17
loaded on this charging equipment, the output voltage of the
constant voltage circuit 15 or 16 is applied. 1In this event, in
this example, a lithium ion battery is used for the secondary
battery 17. The lithium ion battery used here must provide
characteristics in which the battery voltage is 4.2V when the
battery is 100% charged (fully charged).

Then, the potential difference between the positive
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equi pnent according to the 17th enbodi nent of this invention.. FIG 51 is

a structural diagram show ng.a chargi og.egui,pment according to the 18th

enbodi nent of this invention. :FrlF §2.«i,§-aifiow chart show ng charging

processing by 56 T YL the 18th

enbodi nent. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON Now, the first

enbodi nent of this invention will be described wth reference to FIG

7-FIG 13, FIG 7 is.a blic di a ran1sh%ﬁﬁng tgg configuratjon of fthe
EFETR

char gi ng®8GFPRSRE SLEe 13 difi ve powef Shipphis segridary
100V- 240 ial AC. I 1.is,. lied.t
transforﬁ%F;éggl???ggﬂﬁéééék%dﬁfﬁﬁﬁg%éP%gggggaéﬁﬁéngaﬁe +%§ﬁﬁtggﬁnrfgﬁbply.
Thi DC t I i i t t ci it
13 1o pr 8uaeSL  PAR ROl deocercll B s PRI e S Sl et

output ig;raype! igdié Os@poél%’i’e:’cplt% Cao@o%&&f}é@&?i:?%tc?f‘”ﬂgﬁé’f’edeﬂfﬁéﬁ 4.

First and second ftixed c acts 1l4a an 0 I's change-over swtch 14

are connected torganségativeldpde fideWilde b *Rd d8configspesiively.1and a
specified voltage is outputted fromthe constant voltage Circuit 15 or 16

on the sigecbonubted tbechamvalsrarimGectdmics 60n8eet etk Jin this event,
the constant voltage circuit 15 is designed to output 4.2V, while the

const ant cupkréagedetection Ifes sstdesilgned formuapohadgivg dirddie: posidheve

el ectrode side of a secondary battery 17 | oaded on this charging

equi pnmensecohdaout patteny tlihe dasede oncthet potenbliaigditienendce Hetoreeht i s

applied. In this event, in
one end and the other end of the current detection resistor 19,
the current flowing through the resistor 19 is detected by a
current detection circuit 20. The current value detected by
this current detection circuit 20 corresponds to the charging
current supplied to the secondary battery 17. The data of
current values detected by the current detection circuit 20 is
supplied to the control circuit 21. This control circuit 21 is
a circuit composed by a microcomputer with integrated circuits
for controlling the charging operation, and based on the

comparison between the data of current values detected by the

current detection circuit 20 and a current value I; stored in

advance in the control circuit 21, the connection condition of
the movable contact 14m of the change-over switch 14 is

controlled. 1In this event, for this current value I;, the

charging current value when the secondary battery 7 is 100%
charged with the chérging voltage 4.2V is used.

By the way, there is a case in which a load circuit 28
may be connected to the secondary battery 17.

Now, referring to the flow chart of FIG. 8, processing

58



this exanple, a lithiumion battery is used for the secondary battery 17.
The lithiumion battery used.here. nust..pr avi,de characteristics in which
the battery voltage is 4.2V Wwhene]he;batéery. is 100% charged (fully
charged). Then, the potential.dl.fferepce *hetween the positive 57

el ectrode side and the negative el ectrode side of this secondary battery
17 is detected with a voltage detection circuit. 18. The data of voltage

I d ted by this voltage detegtion <c¢ircuit 18 is, supplied.to a
control  EPPBFEe Hepardar YRz, (LD THBAPR B LFEEY } it hafoest ‘i

' , . f / ifi [ it 12
Vo chPran Ry ly, %%ufvﬁé‘%”rgC&ﬁ%%ﬁ?s‘?ﬁﬁgegéﬁ{ ng ol rcuit of the d
Perit” gt Ferhre:
and the ot her onbiBrt (6 S0t GHle Gl Rettof Febik o derelPhatiiany

LLOM N9 LROPYODS Lt O SRIr L et dSl 991 8 R¥eacpUL T ol Rl Gpld aF gl cult

The current value detected by this current detectioh circu

correspongdaaéq dRetkdasil il nd WouipmedPBE! gt} O( $8&p SeLoNpar yrpat tery 17.
The data of current valdggjletéitg%lby t he cu?rghgé%etectfon é??cuit 20 is

suppl i edpteséheeContfid wAttdtyt 725s Faugeaobyrolebirehl ddeddktich,Circuit
conposed by a mcroconputer with integrated circuits for controlling the
char gi ngsopkbr as | deteanibmasie d hen baheergonpatagenahet se e tde dathmndfcal
current values detected by the current detection circuit 20 and a current
val ue | 1deterbdonn ard\erden detiectdont isl actepaltlel, the connection
condition of the novable contact 14m of the change-over switch 14 is
Based on the detection results, whether the battery is

present or not is judged (Step S102), and if it is judged that

the battery is present, the movable contact 14m of the change-

over switch 14 is connected to the fixed contact 14a, and with

the 4.2-V charging voltage V; outputted by the first constant

voltage circuit 15, charging of the battery 17 is carried out
(Step S103). And in this event, charging current is detected by
the current detection circuit 20 (Step S104), and judgment is
made on whether the detected charging current value is lower

than the specified value I; previously set or not (Step S105).

In this event, if the current exceeds the setting value

I,, the flow returns to Step S103 and charging with 4.2V
charging voltage V; is continuously carried out. When it is
judged that the current is lower than the setting value I; at

Step S105, processing for stopping charging is carried out (Step
$106), the movable contact 14m of the changeover switch 14 is
changed over to the second fixed contact 14b from the first

fixed contact 1l4a, and the 4.0-V charging voltage V, outputted
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controlled. In this event, for this current value I,r the charging current
val ue when the secondary battery.s 4.s.LQ0% .charged with the charging
voltage 4.2V is used. By the way:.§h¢fe its d case in which a load circuit
28 may be connected to the ‘setandaLy.hattery: 17. Now, referring to the
flow chart of FIG 8, processing 58 .. .... . . .. Coe e S
C e e . when the secondary battery (lithiumion battery) is
charged with this chargi ng equipnment will be. desdribed. First of all, the
contr ol %AFP@UT’}Peﬂe%%IB ccf%g%?gﬁé’ro”% Ei?:gutlﬁefget’:%n%l%?]yl%tft%rﬁpel7 or
not (that i ther, 1§ i 1Qaded..an .t he charging equi pnent or not) (Step
e&Sth@i Qﬁit#£¥he dgﬁ%%}%ﬁﬁi).

S101). Thé~"presence 0 S judged by electrical detection,

detocton, and ol TReF antectmy itk SRR CuRReft AR TRERAR oy,

detection, and either detection iI's acce as e

resul ts, cpbetherehdead@ddeIon I rdyigs ot (@Eeﬁoﬁlb§%3gtg§ddé§ce&édsloz) , and

if it is judged that the battery Is present, the e contact 14m of

the changrargveg sitistt alive agnAgcteflphfed eidh xak ¢ ddusi{asegnd with
the 4.2-V charging voltage V1 outputted by the first constant “voltage

circuit %??cgﬁ§é8!55hﬁg 1,N§ sha tgﬁﬁ9ize%§%§ff{¢§gjéﬁgag#ﬁa”@%r§£g%)' And i n

this even argi ng current i ete e curr deteéction circuit
20 (Step._S104), and . ud t i made. on whet her_the_ det ected charging
current Vﬁiﬂ% z %%nﬁﬂWégﬁaﬁqnt%EesBEEFFP%dV Huet 171 EBre il BHsFUBRS 6¥O not
(Step S105). In this event, if the current exceeds the setting val ue

Step S108, and current detection is continuously carried out.

If in this current detection, the current value I, exceeds the
setting value I; (that is, I, =z I;), the movable contact 14m of

the changeover switch 14 is changed over to the first fixed
contact 14a from the second fixed contact 14b, the 4.2-V

charging voltage V; outputted by the first constant voltage

circuit 15 is applied to the secondary battery 17, and charging

is allowed to take place with this 4.2V charging voltage V;(Step

S110). Then, the flow returns to Step S104, and the charging
current is detected by the current detection circuit 20.

As shown in the flow chart of FIG. 8, contrqlling the
charging operation with the control circuit 21 allows charging
to take place with the characteristics shown in FIG. 9. FIG. 9
is a characteristic diagram in which charging current/voltage is
plotted against the elapsed time, and constant current charging
with the charging current I set as a constant current is carried
out from the start of charging until the battery voltage attains
a specified potential (in this example, the arrangement to carry

out constant current charging is omitted), and then, charging is
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1, the flowreturns to Step S103 and charging with 4.2V chargi ng vol tage
V1 is continuously carried out...\WWen (4&,is ,judged that the current is

| ower than the setting value Il a}: Ste :8105, processing for stopping
charging is carried out (Step.®'SI0G);.Lhe, moviabl e contact 14m of the
changeover switch 14 is changed over to the second fixed contact 14b from
the first fixed contact 14a, and the 4.0-V charging voltage V2 outputted
59 00 egos 60 e e M i .o . . . . fromthe
second CORSRARE QBT AR TOTSHATE-NetacRFRRERLRG. | RAd ChAEHIRG FART ery 17
(Step S107).. . Under this di;tion, chargin urrent i s detected by, .the
current Hi%g%twﬁﬁﬁc*fl?%ugf tcﬁg(?h(aﬁgelﬁlgsf@%) 29Fn 1'de$]3-bet SFEM R RF %Brlﬁent
value 12 is coggared with the previously set. specified value 11 (Step

S109), af@nFEaRReVRhERYE i afishCanggsysheobpEtererol tage thedet ti ng

alue 11, the.flow returns to Ste 108, and current detection is
\éon? i nuoGSEycide r‘\févéiaho e charqing g(iojté‘lgﬁr §ht kb‘g‘i e@}% &%artgr’ré"gcﬁ’ﬂllréﬁf‘tval ue

12 exceeds the setting value I. (that is, 12 > 11), the novabl e contact
14m of Theraduabbtywiecrsises BNG $hehghgsdingecurrenhel fheconds xdw

contact 14a fromthe second fixed contact 14b, the 4.2-V charging voltage
V1 out puY@tBeplovee Fhanrithe pieyiousdit 868 currenttvabue sliappMhed to the
secondary battery 17, and charging is allowed to take place with this 4.2V
char gi ngchiatgage i Stmp resclifing Ehenyvaflbe lbwerrehamnshio Steen$l04, and
the charging current is detected by the current detection circuit 20. As
shown i nvaheef Ioupeaig tthat the seCORAATY PR ¥RLY helithium ion battery)

is 100% charged.
At the timing when the secondary battery is 100%

charged, that is, at the timing T; when the charging current
becomes lower than the current value I;, the changeover switch

14 is changed over from the first fixed contact 14a to the
second fixed contact 14b side, and the charging voltage is

changed over from 4.2V (V;) to 4.0V (V;) (charging voltage V,

shown with a broken line in FIG. 9). The charging voltage
becoming 4.0V in this way prevents the secondary battery 7 from
being charged because the battery voltage V is 4.2V, and
charging current is prevented from flowing.

Leaving the secondary battery 17 under this condition
causes the battery voltage V to gradually lower due to
self-discharge of the battery (or discharge to the load 28
connected), but when the voltage lowers to 4.0V, the charging
voltage, charging current I begins to fiow through the secondary
battery from the charging circuit side. For example, if the

battery voltage V lowers to 4.0V at the timing T3 of FIG. 9,
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charging operation wwth the control circuit 21 allows charging to take
place with the characteristies shown (n.F.G, 9. FIG 9 1is a characteristic
di agram i n which charging current] o} tagé 4 . plotted against the el apsed
time, and constant current char@ing.®w.th,the charging current | set as a
constant current is carried out fromthe start of charging until the
battery voltage attains a specified potential (in this exanple, the

char of ngoharggng Curert 1. 13" 5BRerEea and ik i ugpene 2 "
constant-vol tage charging, and charging takes place with the 4.2V charging
vol t age ¥3.dgheces@cat e sfunnand: degastann osreaye khar githg-hidusyenthe
battery voltage V to, coincide with . the charging voltage V1, but the

char gi ngléufPenthargipe RIS tdder &8s€QMP t"f‘F%rbH'&egiR’F@Véﬁ’ruﬁéNt Sethecones
the wvalue |ower than the previously set current value |I. The charging
current ceac@nhgvahee Vil aad desegrehbartthan cire egttivg wallue Aganshé hat the
secondary battery (lithiumion battery) is 100% charged. At the tim ng

when t hecReEGNAG Yo bedd& s ichakfe¥ ovBar gedm 4 hey £6,.4 afv t(ivdrddHdg okl When
t he charging current econes | ower than the current value 11, the

changeovehasyihghvoldadgs whahget wVeh &rerokde fidestinf ipxed ogntaey 1l4a to
the second fixed contact 14b side, and the charging voltage is changed

over 11 oghds2Vi4Y1ds tond MNeroiBly (@REGLTHS| brgeqMy sliihiit h a broken

line in FIG 9). The charging voltage “becom ng in this way prevents
t he secopdatiebatii®readed raya Jdheirddnghdngesd pesaeise whwen hatd ergogvol tage V

is 4.2V, and charging current is prevented fromfl ow ng.
charged condition is approached by this charging, the charging
current decreases as in the case of the initial charging, and

when the charging current I becomes below the setting value I,

the charging voltage again lowers to 4.0V, and charging
operation stops.

The secondary battery is efficiently maintained in the
nearly 100% charged condition by carrying out the charging
operation of the secondary battery, the lithium ion battery, in
this way. That is, when the charging operation is carried out,
charging is carried out at 4.2V, the proper charging voltage,
until the battery is 100% charged, and at the same time, after
100% charged, the charging voltage becomes 4.0V, voltage
slightly lower than 4.2V, and when the battery voltage V lowers
to 4.0V by self-discharge (or discharge to a load), charging
voltage rises to 4.2V again, and the operation to 100% charge
the battery is repeatedly carried out. Consequently, after the
battery is charged to the fully charged condition once, every
time the remaining battery volume lowers to a specified volume,

charging to the full charge is repeated, thereby maintaining the
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Leaving the secondary battery 17 under this condition causes the battery
voltage V to gradually |ower.dus.fa. sglfsdi,scharge of the battery (or

di scharge to the load 28 cgnnec )3 sbut--wien the voltage lowers to 4.0V,
the charging voltage, chardimng.cur.cent*t,begins to flow through the
secondary battery fromthe charging circuit side. For exanple, if the
battery voltage VIowers to 4.0V at the timng T3 of FIG 9, 61 1t .

h [ t 12 i t ed L hi har gi t 12 is detected
't he CBRREALPECTRYEERORI PELRE JOLENIPR fog BPRRELY PPRERBNERM P gl
t 121 dwth. th Vi | t t | l . d
or cat or BRARLYNSULHY 11 PoEoar Jon o Al S, BrEgs e’ Craet over

f 4. j f i ng..volt it br ok
[ino in EPER GpEdeGharaas g end Ol Ahalhel 90cHP IR0 Opt! Phd Pro "

current batEHE?h€6l£Q§ée@§@@ LR AR REH Ehﬁ%eatx@ﬁ@.ﬂﬂﬁe¥9996

charged condition i s approached by this charging, the charging current

decr easeguds-tRathe 68SenOfpdiecty) t4.3lv char dbpdicando ¥REMbABELPArHNY
current | becomes below the setting value I, r the charging voltage again

| ower s t ehdr§¥ngatife € adEi tgke QeI wQit i9t @he. biBeeE9COOURYe DBEWEFY H
efficiently maintained in the nearly 100% charged condition by carrying
out the thasgén@v; opensequenioly t hehes ddardamy ibat batyeryh@oés timptim i on
battery, in this way. That is, when the charging operation is carried out,
char gi ngcpstéanpiedlyoentex the\fullhehargesk condiging endit dgeeriamdtion he
battery is 100% charged, and at the sane tine, after 100% charged, the
char gi ngofolihhéuBetomeiaistery RAFIfggance due to the continued

full-charged condition can be prevented.

In this example, the charging current I, detected at the

time of recharging is designed to be compared with the current

setting value I; used for charging stop judgment, but it is
allowed to compare the charging current I, detected at the time

of recharging with the current value set separately from the

setting value I; and to change over the charging voltage to 4.2V

when the current value exceeding this set current value is
detected.

In the example described above, the secondary battery 17
is judged to be 100% charged when the charging current becomes

lower than the specified value I;, but judgment of full charge

is allowed to be made in a specified time passed after the

charging current becomes lower than the specified value 1I;.

That is, as shown in the flow chart of FIG. 10, when the
charging current I detected by the current detection circuit 20

in Step S105 becomes lower than the specified value I;, a timer
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slightly Iower than 4.2V, and when the battery voltage V lowers to 4.0V by
sel f-di scharge (or discharge.to..a Inad%w charging voltage rises to 4.2V
again, and the operation to 2100% chaj$ge, ithd battery is repeatedly carried
out. Consequently, after the..batttny, J! gharged to the fully charged
condition once, every tinme the remaining battery volune lowers to a
specified volune, <charging to the full charge is repeated, thereby

mai nt ai ni_.n [ condi tion of

he 62 . ... ... ... e 00
(he | 1t NPURCHR Eipide jHhe ferisrdl, cisciis zﬁeéFl‘;S?ﬁ?i?c/gjL%r%gflé&ﬂdi tion.
d j h i ; i
oo g BfipRfE LhTe SXGEPCi AN ARSI 3b081 b ELle) oY %492 (i e
f f ||~ h t i
Ohar g ngSna598uEh {olonold &S Yoedh SYo7 BalPBL) FOLP LE AflidiNg A

4.0V, copgegHgat f¥om Ve td WL UM i ap fpat tsege\bsdes trh%t £16QNEHAYPUSEYFEQT er
the full-charged condition and deterioration I'tthiumion battery

R

recharglﬂg &§. designed to be conpared with the current setting value I1
used for %arglng stop judgnent, but it is allowed to conpare the charging

current 12 detecigdegd é%ﬁi@%é&fﬁé@h%&b@g ¥hihi1bbe &ﬁ%&% val ue set

separately fromthe setting value I'1 and to change over chargi ng _
vol t age &6ndiYonWenidsiegfad H:Qﬁbevqhblgeﬁxﬁﬁedéf@cﬁﬂbﬁ Selt AR Wl ue is

detected. In the exanple described above e secondary battery 1
current, but it may be designed to detect the 100% charged
condition by detection of battery voltage using the voltage

detection circuit 18. That is, as shown in the flow chart of

FIG. 11, after the charging voltage is set to V; in Step S103,

it may be designed to detect the battery voltage by the voltage

detection circuit 18 (Step S113), and when the voltage V;, the

voltage value corresponding to full-charge, is detected (Step
S114), it may be designed to allow the processing to move to

Step S107 to lower charging voltage from V;to V,. In other

steps of the flow chart of FIG. 11, processings same as those
described in FIG. 8 take place.

When the 100% charged condition is detected by the
battery voltage as in the case of the flow chart of this FIG.
11, it may be designed to judge as full charge the time when a
specified time passes from the time when a specified battery
voltage is detected. That is, as shown in the flow chart of

FIG. 12, after the charging voltage is set to V; in Step S103,

battery voltage may be detected by the voltage detection circuit
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is judged to be 100% charged when the charging current becomes |ower than
the specified value 11, but j.u nt. of..fW I, charge is allowed to be nade
in a specified tinme passed aft eclehgfghng current becones | ower than

t he specified value |I. That ‘i.s shown*in the flow chart of FIG 10, when
the charging current | detected by the current det ecti on circuit 20 in
Step S105 becones | ower than the specified value I, r a timer 63 circuit

i nside t ntro i CUIt 2 era step and this tinmer
circuit Eguzg§98 éﬂ)ié fl%’&dt W& VPs 1-%\/\%%1"?%1:?%,{\;’@%’@ &hep
S107 and to | ower the chargin voltage fromVl to V2. In other steps of ,
t he flowdekgetsothe @1‘@99 $ fp?ldtélﬁmg?,h@arréhasvphegqed*e@bw bed in FIG
8 take place. In the n@i escri bed above, the 100@6char& condi tion
i s desi gﬁ@ﬁr?SPBBdﬁBGQEG Byl bt b9 S5em: fd 1éhar dtndgs 3uAFeAtORR it nay

be d t 9. det ect 10096 h d di t de f batt
Vol tage. BUIAGETAEOBRPAGENS AT e%ln}agggp'vfgongg?p AE6h SR T Tho

s103. 1+ Eradyipd Hettgnedhed b e A % A5, nbytc?'ﬁg FPPRge

detection circuit 18 (Step 5113 and when the voltage Vir the voltage
val ue coPfe$p8ndifYy ¢ a?EI?fdﬁﬁggé-'|§”H€F§@ﬂ@65(89@9 ag1ghgseit may be

designed .to al.l ow t he ocessi.n to nove to Step S107 to | ower charging
vol t age g?ﬁﬁf@# ﬁ%l@ngé % Q of the flow chart of FIG 11

Char ged condi 11 oAt ENHGPERPEaCH éb o s, Softheboas Pn L he BALA A the

flow chast, ghyt Bésdgéﬁgne&%of ttr{moqeta%%sang@egot 81£g99fyafow&!'tocma}{eqe the

charging voltage V, at Step S107 but to detect temperature on

the surface or inside of the secondary battery 17 and to select
voltage values to be lowered in accord with the detected
temperature. That is, in place of Step S107 of each drawing,
processing of the flow chart of FIG. 17 may be carried out. The
processing of FIG. 17 may be designed to judge whether some
temperature sensor provided in the charging equipment detects
temperature higher than a specified value (here set to 50°C) as
surface temperature, etc. of the secondary battery 17 (Step
S131), and if it is 50°C or lower, to lower the charging voltage

to the voltage value V, described above (for example, 4.0V)

(Step S132), and if it exceeds 50°C, to lower the charging

voltage to a voltage value (for example, 3.9V) obtained by

subtracting a specified value AVa (for example, 0.1V) from the

above-mentioned voltage value V, (Step S133), and to move to the

next step. Designing the processing in this way enables the

proper setting of the charging voltage corresponding to
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specified tine passes fromthe time when a specified battery voltage is
detected. That is, as shown in & .f.Ip,W.char.t of FIG 12, after the
charging voltage is set to V1 niebos.lg)&_ {.dattery voltage nmay be
detected by the voltage detéectii‘onGhitgutt,64:. . . *00 so 18 (Step S113),
and when the voltage V3r this detected value .Vl detects the voltage
slightly lower than the voltage value corresponding to full-charge (Step

S114), it is judged to_be . full-charge and the processing nay nove to Step
S107 andtePEeEERIFG! ng G E TR ot GRePEHCPEBRY VAS (LRBALS B of her st eps

of the f f 2 ro i_ngs s .those escribed . i.n FIG
8 take pi:%?(@’%&%%ﬁ{%es rrﬁa‘e’s%prééqdv% ﬁ%gl\%v Ehar y§i‘g$9§| ‘Ea‘r%‘?l‘iogoﬁl‘%e’h‘?ﬁ?tfé{g it
may be designed for the voltage, not to directly |lower to.the charging

vol t age \tlganogF%%eS}i StV 5 GERdct™ ijrﬂé?;é?ﬁr'éoohhet%’er%‘tﬂéﬁfe ‘i nsi de
of the secondary battery 17 and to select voltage values to be lowered in
accord wyth the detected tenperature. That is, in place of Step S107 of
each drawi ng, processing of the flow chart of FIG 17 may be carried out.

The processing Rbwl| £ fdrr iRy e Fiesi guedte [1udgehshebbehd S@ibdiment
tenperature sensor provided in the chargi ng equi pnrent detects tenperature
hi gher tdénthispecvdnteiby adild Hecdessetibed.500 €lsis sedmglke [ edfeer at ur e,
etc. of the secondary battery 17 (Step S131), and if it is 50C or |ower,
t o | owerbahtecyaremperamintags dedectiedvobt ugey vehaechir glasg nidlechgbate (f or
exanple, 4.0v) (Step S132), and if it exceeds 50C, to |ower the charging
vol t age theatimetafaesdiargnidr addafpeecha3rgyng obaaipreenthyis sidnfrigstrady a
speci fied val ue Ava (for exanmple, 0.1V) fromthe )

as shown in FIG. 14. In FIG. 14, parts corresponding to those

previously described with reference to FIG. 7 are denoted by the

same reference numerals and their detailed description is

omitted.

In this example, the output of the constant current

circuit 13 is fed to a movable contact 22m of a change-over

switch 22, and the first, the second and the third fixed

contacts 22a, 22b, and 22c of this changeover switch are

connected to constant voltage circuits 23, 24, and 25,

respectively. Now, the constant voltage circuit 13 is a circuit

in which 4.2V constant voltage output is obtained, and the

constant voltage circuit 25 is a circuit in which 4.0V constant

voltage output is obtained. The outputs of respective constant

voltage circuits 23, 24, and 25 are fed to the positive

electrode side of the secondary battery 17, a lithium ion

battery. The current flowing through the current detection

resistor 19 connected to the negative electrode side of this

secondary battery 17 is detected with the current detection

circuit 20, and the detection data of the current value is
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above-nenti oned voltage value V2 (Step S133), and to nove to the next
step. Designing the processing 4.f. t.Ri sovay gnabl es the proper setting of

t he chargi ng vol t age correspon:diﬂ}g'f'hti)'"53(}()’g Q 41 0009

tenperature. In this event, "kt" ‘s’ het: sa:.-y'iio" prepare a tenperature

sensor and a constant voltage circuit for generating the voltage value (V2
- Ava) in addition to the circuit of FIG 7. Now, referring to FIG

14-FIG 17, th econd. enbodi nent f this inventiqn will be described. In
this oxanBheslencvIpls vEr HLAERr it s “srb ebvb e Hranand Bnar of no
voltage at the tine of recharging, and the charging equipnent is
confi gur e@ntaglsastipuih 4 Gand based-og the cpapasisenreepbhes ngdhe t hose
previousIK described with reference toq FIG 7 are denoted by the sane
r ef er encENABABPYPE SWUtEMets HRGANEPIdESCr i PhroANPide GHRTRYEALYLL 17 s

le, th tput of the constant current _circuit 13 is fed to a novable
cont At SINTBFCc CRRRGRLBYEOL A (BB aaXaPERESTY LT come kbt and the
third fi: t f. this_c eover. swt are
connect eits SEALOENT SARtndR A nefEesdeusy T BRSNS W ® now,
n . 5 13 Qs .acirou : : v
o son BAFERMBFPBLELEUT 27 A Al S8 be HOLEN oy 2 GasAre

circuit tBnuBLCH74. LNaCcoRSI@Ma HPldiROBCREERE LemPRERLRRL 1d r&'es%ﬁ}ﬂ&'its of
respective constant voltage circuits 23, 24, and 25 are fed to the
posi ti vetoebeckuppeisd deo 0fhd hvriaeaNddrysubat D6l Yadd, b@séd tdh WAL on
judgment whether the detected temperature is the set temperature
Ta or higher, the change-over condition in controlling the
changeover switch 22 is varied. For this set temperature Ta,
for example, 50°C is designated.

Other portions are configured in the same manner as in
the case of the charging equipment shown in FIG. 7. Though it
is not illustrated, in the case of this charging equipment, a
load circuit may be connected to the‘secondary battery.

Now, referring to a flow chart of FIG. 15, operation
when charging is carried out by the charging equipment of this
example will be described. 1In the flow chart of FIG. 15, the
same processing in the flow chart as shown in FIG. 8 takes place

up to Step S109 (that is, step in which the charging current

value I, detected after the battery is 100% charged once is
compared with the setting value I;) and the description thereof
will be omitted. However, the charging voltage V; set in Step

S103 is 4.2V voltage by the constant voltage circuit 23 (that
is, the movable contact 22m of the changeover switch 22 is

connected to the first fixed contact 22a), and the charging
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battery. The current flow ng through the current detection resistor 19
connected to the negative el ectrode.side af ,this secondary battery 17 is
detected with the current detectton §eis;éui .20, and the detection data of
the current value is 66 conparedeWth.tLhe,.urrent value 11 set for the
standard by a control circuit 26, and based on the conparison results, the
changeover switch 22 is controlled. The inside tenperature or surface
tenperature of the secondary battery 17 connected to this charging

equi prrenYogFaB‘érT%érsﬁturJé’ isr?etpn§1\9i7c¥ﬁi £y0%1 veherge b i Fanstasity 17 i s
designed to be detected by a tenperature sensor 27, and the data on the
det ect edVPehpaRaELF@ULS %%sﬁ*'drﬁefd ig,o the sgppbledcentadt 2mtebithsg rcuit 26,
and based on the judgment whether the detected tenperature is the set

t enper at GRBNIFIVEF FYHHER 24 N GRINGEISFeEOcbREi EhRdi RixemhtGatadty t he
changeovgé witch 22 is varied. For this set tenperature Ta, for exanple,
50C i s désFdnated. O her portions are configured in the sanme nmanner as in

the case of the o] i 0 in .7...Though jit i.s not
illustrated, in ﬁﬁ%ﬁc{é@% (g%%&?%rhzlp]g}g%&peégbgnéﬂg}cggego‘él&a%itrr&ehi t may be
connecte Y, w. referyl fl hart _of FIG
15, operg(ta%gﬁjcg(\?m%ﬁg% ar icndﬁilﬁ{:ﬁar]ilﬂngGUeré b@f%%ge%ﬁ:ah?agr} r?gl\geéﬁi%‘p'ﬂrgﬁt of
this example will be described. In the flow chart of FIG 15 the same
processi KPR Ind Hiawichdet = alt shdhi® dRterEedgteRReEapIER LT (i'Q 0 Step
S109 (that is, step in which the charging current value 12 detected after
t he bat t EePPEEaALBDG, 2eRSYed brce Jusigedonpadedudgnant his seade mp wdlaidelrl)
and the description thereof wll be omtted. However, the chargi ng voltage
V1 set ihhetdptecied FQMDLIArYLS tiggdighernehannkhantel cremrar ativtaita 23

t hat
( (for example, 50°C) (Step S121). 1In this event, if the detected

temperature is higher than the set temperature Ta, the movable
contact 22m of the changeover switch 22 is changed over from the
third fixed contact 22c to the second fixed contact 22b, and

4.1V charging voltage outputted by the second constant voltage

circuit 24 (this charging voltage is designated to V,- AVa) is

applied to the secondary battery 17, and charging is carried out

with this 4.1V charging voltage V;- AVa (Step S122). Then, the

processing returns to Step S104 where charging current is
detected by the current detection circuit 20.

If the detected temperature is less than the set
temperature Ta in Step S121, the movable contact 22m of the
changeover switch 22 is changed over from the third fixed
contact 22c of the changeover switch 22 to the first fixed

contact 22a, and 4.2V charging voltage V; outputted by the first

constant voltage circuit 23 is applied to the secondary battery

17, and charging is carried out with this 4.2V charging voltage
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is, the novabl e contact 22m of the changeover switch 22 is connected to
the first fixed contact 22a):- amee t-Reshai.giong 67 .............. S

e e e e et g s ts . .. . VOltage V2 set in Step
S107 is 4.0V voltage by the 'edrstane’ ..udPi.&gel circuit 25 (that is, the
novabl e contact 22m of the changeover switch 22 is connected to the third
fi xed contact 22c). Wen the conparison in Step S109 indicates that the
det ect ed_char gi curre value 12 is greater than the setti val ue 1.
(that +svaboish WAL Thelt: Ehel Brpdedr bie Trt e N mamaite ¥Brse: 7
i's judged, and judgnent is nade on whether the detected tenperature is

hi gher thBf €hergingt@mpeenk ure dpfectedr bxhhpl ursowy qeheqti®Ipl). In this
event, if the detected tenperature is higher than the set tenperature Ta,

t he novaBflECUe¢bnt@ct 22m of the changeover switch 22 is changed over from

th third fixed t 22c t he second fixed coptact 22b,. and 4.1V
ch:rgi n;;rvoliggeA%Sg%%‘g?eﬂngve? Be& tCB#S?éEﬂ‘ ggrt%‘@’étr%jrlr{:%‘?tt}ﬁ (this

char gi ng L1 a i esignated.to V1- Ava).is_ .appki t o the secondary
bat t ory D58 4R8 oBetFELOT LA e i Re i A Ee AP B i b e
V1- AVa p )i t Is ns._ t t S1 r

chargi ng{:%gr%};‘%ggSngeﬁg}ﬁ g(]ﬁgya%{t%gagﬁrlrggntgﬁég{‘e% i%\ébﬁjsc'ui ?Fwﬁlf theh
detected;te i -tahﬁrg e r TAd p S121, the
novabl e élgnfgg%l?@%%%rf%ﬁfst%gé%clhanggg\%rt ﬁs%mh?gﬁﬂgg ?éf%%étng’eddﬂoa?g? fromthe

third fiyedete@nageing2acd dip=carraaeyeindeieindZ sk tditaddimef ifsl xed

» L

carried out at 4.2V charging voltage V; once constant voltage

charging is established after the start of charging. Execution
of this constant voltage charging allows the battery voltage V

to coincide with the charging voltage V; but the charging

current I gradually decreases, and when the charging current I

attains the preset current value I; or lower, the secondary
battery (lithium ion battery) is 100% charged. At the timing T,

with the battery 100% charged, the changeover switch 12 is
changed over from the first fixed contact 12a to the third fixed
contact 12c¢ side, and the charging voltage is changed over from

4.2V (V) to 4.0V (V) (lowering of charging voltage V, shown

with a broken line in FIG. 16). By the charging voltage
attaining 4.0V in this way, charging to the secondary battery 7
is not carried out because the battery voltage V is 4.2V, and
the charging current is prevented from flowing. Up to this
point, the condition is exactly same as that described in
connection with FIG. 9.

If the secondary battery 17 is left as it is under this
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contact 22a, and 4.2V charging voltage V1 outputted by the first constant
voltage circuit 23 is applieé t-e.d he secandary battery 17, and charging is
carried out with this 4.2V ¢hargi;ng vyok} dge: 68

V1(Step S123). Then, the prdeessi‘Mg.Yatutnsd tio step S104 where the
charging current is detected by the current detection circuit 20. As shown
inthe flow chart of FIG 15, controlling the charging operation by the

i i | | h i k I ith th h teristi
Choun i nSphditieh? fhe RN éUoﬁﬁfgagCh t°l tvte%rgpﬁe?ﬁ?a 9%%% c?qéct?%?r&eﬁé' o
/ d i nst, t ti i i ing that chargin
oo on y Pey e B abbEl SN NE TR ellshﬁié%%ﬂ%%ﬁﬁfi TR it gi ng
: ) h _ ) ) ' : f ant
I'S eStabih\%Q?.Q abterot etlﬁée Q{)ﬁaﬂmﬁ“\%oﬁttggg @E@gﬁggﬁ s fld s 1%5“5 an

vol tage charging allows atter heide Wth tfie .
charging voltage V1 but the chargin urrent | gradual l.y decreases, an
Wnengt hgcgﬁﬁgbﬁﬂgc%’fﬁ?%h 3 Sgﬁf{:gi Wg v ttt%qu‘éﬁleéﬂl GEEF4Lor | ower,
the secondary battery (lithiumion battery) is 100% charged. At the timng
Tl withSifie battke ysaeodanakiddenyhd 7echafféoblis sthaeding dqurreghadged
over fromthe first fixed contact 12a to the third fixed contact 12c side,
and the thadgtagted|hygehe cuwhangedeteet ibnogirdu2y 10/13nd cohgdredv2)
(lowering of charging voltage Vo shown wth a broken line in FIG 16). By
t he chargihh vbhétsgeting teniend14a0 if ihiss wdye sEtarigingaflaet g secondary
battery 7 is not carried out because the battery voltage Vis 4.2V, and

t he chargighet|rpedtessing exenrLdd Lo thawgngg ¥p1t&gd his$ carried out,

but depending on whether or not the detected temperature of the

temperature sensor 27 in this event is the set temperature Ta or

higher, either V;(4.2V) or V, - AVa (4.1V) is selected for the

changed-over charging voltage.

That is, if the detected temperature in this event is
the set temperature Ta or higher, 4.1V is selected for the
charging voltage, and the battery is charged with this 4.1V
charging voltage until the battery voltage reaches 4.1V (the
condition of battery voltage Va shown in FIG. 16). Because this
condition in which the battery voltage is 4.1V provides a
potential slightly lower than the battery voltage 4.2V when the
battery is 100% charged, charging stops with the battery charged
with a volume slightly lower than 100% (for example, 90%). And
if the detected temperature is less than the set temperature Ta,
4.2V is selected for the charging voltage, and with this 4.2V
charging voltage, the battery voltage becomes 4.2V and the
battery is 100% charged (condition of battery voltage Vb shown

in FIG. 16).
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point, the condition is exactly sanme as that described in connection with
FIG 9. If the secondary battery.Jd?.is.lefit,as it is under this 69 so ego
condition, the battery voltdge Vegradisal iy Eowers due to the {

¢ 600

sel f-di scharge (or discharge.i'd.ife.1 Qad*connected), but when it lowers to
4. OV, the charging voltage (timng T2 in FIG 16), <charging current 12
starts to flow fromthe charging circuit side to the secondary battery 17.

And this charging current 1 i § detected bé thg current detection circuit
20 and conpared Wi YREYHRI s %i%r\%%vﬁlt HE FPTi FeTChard R a54RF val ue

put *depohti ol SREGHE it BHORY: R0 AECEERcH. PRApaY At i Thdts °“th’
et "o . A
of ther - VAEGrSUaEho ordbdgy Bl bRckEytitol SRR Bala oo

char gi ngight eddBird Sis IHidhe dahecied LROReLpd %&n{%&éiﬂﬁe gyent is
the set tenperature Ta or higher, 4.1V is selected for the charging

vol t age, h2gf, t fife AL €181 0 |11 ARGREYWHEE hhiss4addht&Har Td Rehied t age unti |
the battery voltage reaches 4.1V (the condition of battery voltage Va
shown i nchhfaciéyisBisasmdiimtiodndichaenisp vodedt ide datdringivne tage is
4.1V provides a potential slightly lower than the battery voltage 4.2V
when t hecapatieyy wised QPO dvageed ohangsngose opsiaklyn tiheen ket ttdiey char ged
with a volune slightly lower than 100% (for exanple, 90%. And if the

det ect ednoempiriatne e ard lidssist et prefesabilenpercharge e batdenys teel ect ed
for the charging voltage, and with this 4.2V charging voltage, the battery
vol t age beesresNaw\imidhe [gase &ttt hysi §X§IDB%cHa1F%féchl‘(%d?ﬁﬁﬁqrdn of battery

vol t age Vb shown ) , , . . .
temperature is high, charging is designed to be stopped right

before 100% charging takes place, thereby preventing
characteristic deterioration due to 100% charging at high
temperatures. Because when the battery temperature is not high,
the battery is designed to be 100% charged, the battery is
charged to the point in which the capacity of the secondary
battery is able to be utilized to the maximum when no protection
due to temperature is required, enabling highly efficient
charging. With respect to the charging operation when the
temperature is lower than the set temperature Ta, exactly same
charging operation of one embodiment described in connection
with FIG. 9 takes place, providing the similar effects as in the
case of the one embodimenf.

In the example described in connection with FIG. 14—FIG.
16, the charging voltage at the time of re-charging is changed
over between two types based on the judgment on whether or not
the temperature is the set temperature Ta or higher, but

charging voltage may be controlled more finely based on the
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in FIG 16). 70 By varying the charging voltage for re-charging after

fully charged in this way in.aceesrd.Wdbb L.he battery or its surrounding
tenperature, the battery prgtectton ib-géf-r,iigq out when tenperature is
high. That is, when the tenperdtura.ts.*h.gh,: the lithiumion battery has a
di sadvantage in which characteristic deterioration (that is, reduction of
charging capacity) when 100% charged occurs nore quickly than at the
normal tinme d it is not preferable to char e batterg to 100% Now,

o he ckBaulfs; ar ctotnfir et & iR gt mete, ipescrarhied; ook offer

h i i desi d b d right bef. 100% ch i [ ,
Char oby  BrBUBEE: SR phare ot M ernatdtus o RaEmane o6 ShoneSiaf gfrh:gpa? Ee
high t t Lt i i , t
bt or v TRE £ 8l oana e AHSLraPer, (i A ARY LETBRCELERG &1 £80e MOT, ("¢

poi nt I ngwhlehsihe capagifys&d cSrhetrn%e?%I’ag;ﬁbYlgdb%hﬁéi‘a%ﬁré% tig, be

utilized to the nmaxi mum when no protect e to tenperature 1s required,

enabl i ngjhagbhyigf £Ww6i §Pdge s ey G Wit Rnkesneqt chart her chag 9ing, apey ation
when the tenperature is ?ower than the set tenperature Ta, exactly sane

char gi ngtapechargingf voneagertodi trRntt iGes offi b@dcharﬁﬂﬁgaﬁéj{% aMdtydd G 9
takes place, providing the simlar effects as in the case of the one
enbodi meover| nnt hbrexasphgeslescri bed in connection with FIG 14-FIG - 16,
the charging voltage at the time of re-charging is changed over between
two types based Bhathasj uagnemwmrimhdtehdiloor chert ofieFTI@npeT at fiiest of he
set tenperature Ta or higher, but charging voltage may be controlled nore
finely basdd ondgmentiis made on whether or not the temperature detected

by the temperature sensor 27 is 50°C or higher (Step S124), and

if it is higher than 50°C, further judgment is made on whether

or not the temperature is 60iC or higher (Step S125). And if it

is judged to be 60°C or higher, [V, ~ 2AVa ] is set for the

charging voltage (Step S126). In this event, let V;be 4.2V and
AVo be 0.1V, 4.0V is set (if V, is 4.0V, charging voltage will
not vary).

If the temperature is judged to be less than 60°C at

Step S125, [V; - AVa ] is set as charging voltage (Step S127).

Here, assuming the values of the V; and AVa, 4.1V is set.

When the temperature is judged to be less than 50°C at
Step S124, V; is set as charging voltage (Step S128). Here,
assuming the above-mentioned value for V;, 4.2V is set.

Controlling the voltage more finely in accord with the
temperature in this way achieves an effect in that protection of

the secondary battery by temperature is able to be carried out
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A results of tenperature detection nore finely carried out. For
exanple, in place of the tenpgratyre, j.adgrent at Step S121 in the flow
chart of FIG 15 and setting gf nhargvng.votxage at Steps S122, S123 based
on the judgnment, tenperatureésqdys'be." jeuitihell in two stages as shown in the
flow chart of FIG 17, and the charging voltage at the tinme of re-charging
may be changed over in three stages. That is as shomn in the flow chart

' or not

f FIG 17, f t of ~all,_jud I
Cemmer at BPECRFEREREe1By 1 Hh SR db CeRdaPOrSeMEeEORuEs FGMEISY st ep
S124 d h th 50C d d whet h
o oo T bbbl S AL g SR SR i RO
905 0ok Bualgty I’%@%e‘%nz-@/adfdz‘ff 2GrkBerEoRd! PSSR (SI°P |
4. OV, charging VWEEﬁbfe%é&t wtsp@éﬂm 'Jo&ﬂ%u&%%a%habwehés judged to be
| ess than 60C at Step Va] is set” as charging voltage (Step

S127).  Hemperastvsi 88nsbe yalm da‘tédtqn\éltémgei\yauré d¥ iBe S€dcontigry t he
tenperature is judged to be | ess than 50C at tep S124, V1 is set as

char gi ngbuekeage7 ( Shepp&t2Biul derdascragsiiminng st hadabnyee et oned val ue for
V1, 4.2V is set. Controlling the voltage nore finely in accord with the
t enper at iempenathre s@ysardi el emmows foectf ignrakabnprnbapche capplied he
secondary battery by tenperature is able to be carried out 72

For example, the surface temperature of the secondary battery

may be detected by an infrared sensor, or the inside temperature

may be detected by a terminal for temperature detection equipped

to the secondary battery, and in addition, using some kind of

temperature detection elements, temperature in the vicinity of

thé mounting portion of the secondary battery may be detected.

Now referring to FIG. 18 and FIG. 19, the third
embodiment according to this invention will be described.

FIG. 18 is a block diagram showing an arrangement of the
charging equipment of this example, in which AC power supply
from a commercial AC power supply 41 is fed to a rectifier
circuit 42 comprising a diode bridge to provide a DC power
supply. This DC power supply is fed to a primary side control
circuit 43, and specified processing is carried out at this
primary-side control circuit 43, and the then is fed to a
primary-side winding 44a of a switching transformer 44. And on
a secondary-side winding 22b of the switching transformer 44,
low-voltage DC power supply converted to specified low voltage

is obtained. 1In this event, on the primary side of the

switching transformer 44, an auxiliary winding 44c is provided
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nore accurately. In addition to changing tenperature stepwise in this way,
the voltage value at the tine. okey 6+chasgi.ng may be continuously varied in
accord with the detected tenperatuyes**Wih, easpect to specific
configuration of the tenpereat'ds€ seheet*27 flor detecting tenperature of
the secondary battery 7, no particular description is made here, but
tenperature sensors of various configurations may be applied. For exanple,

f the d b be d; b
o oaleE CorPES TS e 1B RIS Bhhaating; el b%ﬁwﬁﬁa%?—%} ninal
f i i d sto.thes 1d . t , i
Lot ¢ oPEORLERT SEEEEIL o O ”'q"o%%ggﬂ-;%eégg%a:?éﬁ%‘?é‘éfﬁ 2 ey, ure
Acd Lo . ; N
ot ect ed SREULY o o8 N BT S8 Aot Cde B e AR Vi P O ot
accor di nghteotBihg1bAVENt :cag{a WHd Repdesebibsde £ C‘a? t dF1&a b Pk 20r am

showi ng an arrangenent of the charging equi pnent o I's exanple, 1 n which

AC pomerw§aﬁp£uisfé&ﬂafbpqa%pﬁgLal AC power supply 41 is fed to a rectifier
- circuit 42 conprising a diode bridge to provide a DC power supply. This DC

power supply is 6sd éndeopriimrsectindargontin@ingCitbubt ¥idis afvehi tsdieigid i ed
processing is carried out at this primry-side control circuit 43, and the
then i s fednsbommeprddrars/ csimectedditbgtidaanbda o d dwigcHirensfiodeer 44.
And on a secondary-side w nding 22b of the switching transforner 44,
| ow vol t 45e OB pohercatipple aforphdist ddotle 4peanfikel ddhvervdndge the
obtained. In this event, on the primary side of the swtching transforner
44, an aBRFPRARTY WHHHIHY AP ageprenngetedsby a switching capagigior 46
controlling the switching condition: To the prinmary-side . .
to provide a DC Iow-voltage power supply of "a specified voltage.
The anode of the diode 45 from which the low-voltage DC
power supply is obtained is connected to one end (positive
electrode) of a secondary battery (here, lithium ion battery is
used for the secondary battery) 47 loaded on this charging
equipment, and the other end of this secondary battery 47
(negative electrode) is connected to the other end of the
secondary winding 44 of the switching transformer 44 via the
source and the drain of a field-effect transistor (FET) 48, a
switching means for charging control. In this case, the
connecting direction across the source and the drain of the
field-effect transistor 48 is such that the current flows from
the secondary battery 47 to the other end side of the secondary
winding 44b when this transistor 48 conducts, and the current
flowing from this secondary battery 47 to the other end side of
the secondary winding 44b is restricted when it does not

conduct. Across the source and the drain of this field-effect

transistor 48, a parasitic diode 49 is generated in which the
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control circuit 43, a control signal is supplied froma control <circuit 50
on the secondary side |ater éesesd bedsevi 2.as photocoupler 52, and the
output voltage is controlled i;n |accorde, it B.ethis control si ghal. One end
of the secondary wi ndi ng 44B.3f.¢'Hies’ swl tehidg transformer 44 is connected
to the anode of a switching diode 45, and the cathode of this diode 45 an
the other end of the secondary w nding 44b are connected by a sw tching
capaci tor 46 toairovide DC, | owvpl t age power supgly of ecified

vol t age. CRRECRR0GECEF 1Rethf FHrast1an, ISRt ke ﬁkQFF?gbii ‘DPomer

‘ ly i [ [ d .end Ltive. tr a
sebontar SoBRE Bl EherEREPORE T, Pl A e i BikpéEaoRoES WAL chear y

b d j ' [ this
cecondu §EEeRE EY9HR prom ERETOUE S ARIbe S BOSORAREL "Dl L’ o

the secgudaty ¥hadhegadtvefeldersid Q¥ MGl rs@@%fr@lggygbéét&g 4p. source

and the drain of a fiéeld-effect transistor (FET) ~sw tching neans for

charging control Aninfbhi & €266uit e EHESL i JlakRCHiFORKAET £88nd NS SOUr Ce
and the drain of the field-effect transistor 48°7is such that the current

flows fra®, the srapgingycdetiel yHrtdix e iet bebveaddsi denefcidweysgpondary
wi ndi ng 44b when this transistor 48 conducts, and the current flowing from

t hi s secondarplbaiteunyt 450 taompei sihemn emndegirdeedl citbaisesnddis y W ndi ng

44b is restricted when it does not conduct. Across the source and the

drai n of cohhected| tinestebta manmey sty t4@ sagpadasbtatnddoce @S i s

generated in which the 74 ~J _ *149 000 4 4000 a** 0 to O
secondary side of the switching transformer 44 is supplied as a
power supply. That is, the cathode of the diode 45 and the
other end side of the secondary winding 44b are connected to the
charging control circuit 50 respectively. From this charging
control circuit 50 to the gate of the transistor 48, the
switching control signal is supplied to control the current flow
as described above (that is, control of conduction and
nonconduction), and at the same time when it is brought to the
nonconducting state, the impedance across the source and the
drain is designed to be controlled to be high.

In the present example, a voltage detection circuit 51
is provided for detecting the potential across one end and the
other end of the charging current path of the field effect
transistor 48, that is, the potential across the source and the
drain, and the data of the potential across the source.and the
drain detected by this detection circuit 51 is supplied to the
charging control circuit 50.

The charging control circuit 50, based on the detection

data of this voltage detection circuit 51, controls the
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current flows in the direction reversal to the direction to control the
current flow (that is, the déveetd on deme Whi eh the current flows fromthe
ot her end side of the secondany W:ncﬁ'ng.:‘4415.:to t he negative el ectrode of
the secondary battery 47). And #0r'«a oktbult Sto control the gate of this
transistor 48, the charging control circuit 50 is provided. The charging
control circuit 50 conprises an integrated circuit and is connected in

h f t i | _obt ai h d i f th
cuch 2 TBRGEc2% 4h sl el A ANGH on e BESSISLIn LA U g0
t hod . dj 45 I . da i, nd
canod 9L 40 88 4% e OHiGeGEopL05) o 405, EERIOGY, Wil 1o

this chaggLngy GRIEA %aﬁcié@aﬂr{ ggﬁﬁggttigﬁcgﬁt gggfﬁg@ac%é angl ®d Ao 48, the

swi tching Control signal Is su rrent flow as

descri beéoﬁ@%a](*&@_aé 15gn€ @i aGendusthofompeis egcangluction), and at

the sane tine en it is brought to the nonconducting State, the 1npedance
across t protodbeglancts2 he a driagjht irecdasiiggedlénehe SPtfot [sbdicribey hi gh.
In the present exanple, a voltage detection circuit 51 is provided for

det ect i ngighe podentheallpghtossniond rgndiadd she odt tiets epitbiadcddiel exha&2gi ng
current path of the field effect transistor 48, that is, the potential
across the sooneetaddte Hehe diimgryasddeheodaral ofirdmeipot Bntdalthedr ade t he
source and the drain detected by this detection circuit 51 is supplied to
the chavglhggeorererokisianal sutpmidedhBygrhg ebdfg g (TRl Ql B0 raydsed on
the detection data of this VOlt%gf detection circuit 51, controls the 75

p . . 50 CRRRRtiARYIEIRY (hoa e PEAMABY Thee FRMEFPY GHiftdt 48 -rcuit 50

The primary side control circuit 43, based on this voltage
control signal, controls the voltage of the power supply
obtained for the secondary winding 44b of the switching
transformer 44.

Now referring to the flow chart of FIG. 19, operation
when the secondary battery 47 is charged with the charging
equipment of the configuration of FIG. 18 is described with
special emphasis on the pre-charging operation when charging
begins.

When the secondary battery 47, the lithium ion battery,
is charged, processing called pre-charging is carried out, and
then, processing for detecting the condition of the secondary
battery 47 is carried out (Step S201). For pre-charging
processing in the case of this example, first, by the control
signal to be supplied from the charging control circuit 36 to
the gate of the field effect transistor 48, the impedance across
the source and drain of this transistor 48 is brought into the

high state. 1In the case of this example, for the secondary

76



is designed to supply the voltage control signal (that is, the signa
which varies in proportion testdhe weliageevglue to control) to a |ight
emtting diode 52a conprising i thg$ phvtpfoupler 52. A light receiving

el ement 52b for receiving [igHee¥Romshteright enmitting diode 52a of this
phot ocoupler 52 is connected to the primary side control circuit 43, so
that the voltage control signal outputted by the charging control circuit

itted he pri id | cirguit_43. The pri
o6 ConDRGEEEY Bhr ¢ ChS oRESEEt FHe e dngagel Seah PBI £ s?Hrihen cORT61 €
h I f .th | bt.ai ned f th d i ndj 44 f
the swi t SRERGES %%é’%%‘@? et Nigie te’f“b7 An B ePRESE B B TOEFAHR &F 15,
i . t WLt h t char
bt prrentRgT Potek (SupBER T AR L Yit! JeBoRRAEGPH g Db B
enphasi s sQB tERenBr €r SRS SF MG OPET @ld UL iR 1C Baﬁlgug}gca?faa nf%;?wegsbv&éle

secondary battery 47, the lithiumion battery, s” char ged, ocessi ng
cal | ed pe@p?mgr)gi@gsés €814 | B¢ ita WNdadehenighegessi8s £RandetBeting the
0

condi tion the secondary battery 47 is carried out (Step S201). For
pre-chargi ng pruoadesi ahisnconeichse, afhd Kol taxyenpkeoski £Bé, sbyrédbeasont rol
signal to be supplied fromthe charging control circuit 36 to the gate of
t he fi el dhef irafint oAnshetHhielB efifert MredsiceoactB8sss ddeested cen artk drai n
of this transistor 48 is brought into the high state. In the case of this
exanpl e, vbdtaghedstechtianycizgruit 51 (Step, S202)~ .And the detekteBi 6 6

voltaéé is judged by the charging control circuit 36 to judge

whether or not the voltage is the standard voltage or higher

previously set to the control circuit 50 (Step S103). And if

the voltage is the standard voltage or higher, processing to

lower the input power supply voltage by the voltage control

signal supplied from the charging control circuit 50 to the

primary side control circuit 43 via the photocoupler 52 (Step

S104), and pre-charging operation is allowed to continue under

this condition (Step S105).

When the voltage detected by the voltage detection

circuit 51 is less than the standard voltage, pfe—charging

operation is allowed to continue at the input power supply

voltage as it is.

After this pre-charging is started, the condition of the

secondary battery 47 (such as battery voltage, etc.) is

detected, and when the battery voltage etc. is brought to a

specified state, the high impedance state is changed to the

conducting state across the source and the drain of the

transistor 48, and the secondary battery 47 is charged with an
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battery 47, the one with the battery voltage of 4.2V when fully <charged is
used, and at the tine of prgsghargjemgss-the yoltage of the power supply
obtained in the secondary wiindi nt, #4b*°0f $t°hé.s.swi t ching transforner 44
(hereinafter sinply called i mpuweponkrs:’ Supplly) is set to 4.2V or a vol tage
slightly Iower than 4.2V. Under this condition, the voltage across the
source and the drain of the field effect transistor 48 is detected in the

vol tage detection circuit 51 (Step S202).. And the detected voltage is
j udged byPPHE Eﬂ‘e{?ﬁi%?%%t%lc%‘?&c&ﬂttl‘)%Yt Arg8gEuUT HRBE nER- Br Hbkr t he

I [ h dard |t hi [ ly.set to th trol
Circurt BYLPNTRE SR0G CH U (o AN e aPe: RBEY iar d vol L age of
hi gher, i ' t by th | t
Control "signal Sparrehipee ARt ooty TPEE YRekaPRs Yol (et {700

primary 6:Ed€h§9né§91ik%fé,rcéﬂiovfﬁ§1d’iiﬁlet %a&mfrlgcggggghtfﬁiéﬁt% Sy . _and

pre-charging operation i1s allowed to conti'nu I's condition (Step

S105) . V\EQEebﬁetYQhéﬁﬁ@oﬂ@IE!?,Cté?(immtdﬂl@lgV_ﬁbhﬁgefgﬁté_éﬁi:%llfﬁ(?C&Hé 51 is
| ess than the standard voltage, pre-charging operation is alTowed to

conti nues@hrthefi dipatgPpoyerhelpply theohtigpe iapetibnts. stht&reddiies
pre-charging is started, the condition of the secondary battery 47 (such
as batt epyevohaagéngeby.g smalldetmutest,, and whencohéibbdvh esy tiad t age etc.
is brought to a specified state, the high inpedance state is changed to
t he condaecondgrythaetexy obs ndvntssunisce abde thebdratounitehe ddtreartsidst or
48, and the secondary battery 47 is charged with an 77 i nput power
suppl y oRngoRpar@Rareiyg |undRr dhe ddghcdmgpedanye state with the power

supply voltage lowered to allow the charging current to flow

achieves pre-charging with loss reduced at the field effect

transistor 48, thereby enabling highly efficient pre-charging.

Now referring to FIG. 20 and FIG. 21, the fourth

embodiment according to the present invention is described. 1In

FIG. 20 showing the configuration of the charging equipment of

the fourth embodiment, parts similar to or corresponding to

those previously described with reference to FIG. 18 which shows

the configuration of the third embodiment are denoted by the

same reference numerals, and their detailed description is

omitted.

Turning now to the configuration of the fourth

embodiment, in this example, as shown in FIG. 20, the anode of

the diode 45 from which the low-voltage DC power supply is

obtained is connected to one end (positive electrode) of the

secondary battery 47 (lithium ion battery) loaded on this

charging equipment, and the other end (negative electrode) of

this secondary battery 47 is connected to the other end of the
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allowing it to carry out so-called rapid charging. As described above,
according to the charging eqed pments, oke tdti § exanpl e, allow ng the charging
current with the field effdcty ttansi®rptedSi.a switching neans for
controlling the start of cher'geaig e hebt deh tohe hi gh-i npedance state
enables pre-charging by a small current, and the condition of the
secondary battery 47 nounted is able to be accurately detected. And

re-chargin nder the hi nce state with the power sypply voltage
Ioower ed %J%C‘%PCFW HE PG gqll?g ﬁnfw%‘ba}i‘}’b‘ivtrfd’rﬁ rpr4é YHEr @Fﬁ@sm th
l oss re ced ar_{ he field ffect nsj 8l 4 enabl hi ghly
efficieqﬁlpre éhé%g|ﬁB%‘ ?&Pe?? %5 fﬁieé%? ﬁﬁgTﬁourth

nbodi t de ri F 20
Show ng e L anftslfrd nicdBsPERE Chab BYER Ak ach (0% t‘?ﬁ% c %s(t%ﬁ’e
enbodi Mg nndd i1y shméc%rlotnoae&ogewe&é PESENY drf temé%rra i6Vb@ughy described

wth reference to FIG 18 which shows the configuration of the third

enbodi neftead-e denal adaiy ilher 48MEs I hEH Sl HHE (RrSendN¢ 1608 Ergﬁt ailed
description is omtted. Turning now to the configuration of the fourth

enbodi neytie devdriaryetatplesy a3 sbowhe i dtlidiSendD s itdee odnede @Ecohbgrfi ode
45 from which the | ow voltage DC power supply is obtained is connected to
one end Wipoking vdlelwhetr atidy tfahhistsecohdaonddeais eandd 2hel ctibirenti on
battery) | oaded on this charging equipnment, and the other end (negative
el ect r odelowsing tfyiom m@naapyndaryebthry st T omddeedthert kedoshde efd of

the 78 ee
the secondary winding 44b is restricted when it does not

conduct.

And for a circuit to control the gate of this transistor
48, a charging control circuit 54 is provided. The charging
control circuit 54 comprises an integrated circuit and is
connected in such a manner for the signal obtained on the
secondary side of the switching transformer 44 is supplied as a
power supply. That is, the cathode of the diode 45 and the
other end side of the secondary winding 44b are connected to the
charging control circuit 54 respectively. From this charging
control circuit 54 to the gate of the transistor 48, the
switching control signal is supplied to control the current flow
as described above (that is, control of conduction and
nonconduction), and at the same time when it is brought to the
nonconducting state, the impedance across the source and the
drain is designed to be controlled to be high.

In the present example, a voltage detection circuit 53
is provided for detecting the battery voltage, that is, the

potential across one electrode and the other electrode of the

79



0406 secondary wi nding 44b of the switching transforner 44 via across
the source and the drain of ,td)e+fs e deeet fs@ck transistor (FET) 48, a

swi tching nmeans for chargi ng@ @ontJs0ls*Pnst*hes.case, the connecting
direction across the source esds¢'Hestral redf Sthe field-effect transistor
48 is such that the current flows from the secondary battery 47 to the

ot her end side of the secondary mﬁnding 44b when this transistor 48 ]
conducts, and .the ent Iomnn his secondary battery 47 to the

ot her end§e§ &836V gFﬁgegﬁc cEﬁ%P QHﬁiiﬁﬁ pét@egﬁr¥3?eﬁa it does not

conduct . li(g t.he gate of is trans

t I t a
char gi ng contalgol d%F%cw :: éﬁrﬁoecfé:olonT érEH&FgE’H lsc%‘ﬁ??i)fecgﬁ%tﬁlie 54
conprlseghggﬁ e@&ﬁﬁfglcé{f&ﬁ qﬂp is connected in such a manner for the

si gnal obtai secondary side of the switching transformer 44 is

supplied as a pqweghéugggy €aéoﬂ€ﬁolt Q%f%; odq o}, Lhg ghogﬁ%% and the

ot her end side of the secon ng re cdnnected to t char gi ng

control @bltébtlt&oﬁ4dé€§p6ﬁttl‘{§é Yol a8 daitecehandbAgcusens0legdrecuit 54 to
the gate of the transistor 48, the switching control signal is supplied to

control tbaddtdoandffthe teenstesws ed isbevatibhabdl s, TeONEELE g g
conduction and nonconduction), and at the sane tine mhen it |s brought to
the nonconduofli agretuates4 tie damigrent ¢casnppiyt hResool te&gantbrithel drain is
designed to be controlled to be high. In the present exanple, a voltage

det ecti ofighprdure BBe Priprgwisate faontdelectiragithé3baia etlye vol t age, that

is, the potential across one electrode and the other electrode of the 79
photocoupler 52. 1In the primary side control circuit 43, based

on this voltage control signal, the voltage of the power supply
obtained for the secondary winding 44b of the switching
transformer 44 is designed to be controlled. Other portions are
configured in the same manner as in the case of the charging
equipment shown in FIG. 18.

Now referring to the flow chart of FIG. 21, operation
when the secondary battery 47 is charged with the charging
equipment of the configuration of FIG. 20 is described with
special emphasis on the pre-charging operation when charging
begins.

When the secondary battery 47, the lithium ion battery,
is charged in the circuit of this example, processing for
detecting the battery voltagevby the voltage detection circuit
53 with the impedance across the source and the drain of this
transistor 48 held in tﬁe high state by the control signal
supplied from the charging control 54 to the gate of the filed
effect transistor 48 is carried out (Step $201).

And the detected voltage is judged by the charging
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. secondary battery 47 nnuntedy aqg.the data of the battery voItage
det ect ed by this detection circuitt :53.its suppi<egi:to the charging eontro
circuit 54. In the charging contfol *ci‘reui4.5%,.° bdsed on the detection
data of this voltage detection circuit 53, the condition of the transistor
48 is controlled. The charging control circuit 54 is designed to supply

phot ocouBPBFE8D. CFFeERb B ke qedﬁfri%ﬁﬁ%o?r?ﬁpﬁ"%rZ%Of%aié%iﬁs i tvcimf"‘s;he
t
econaar v VALRS ShERe RV Ae R i 2007 oROfoy ot VP LERE T & be
t
case of Fhe %gﬁé.ﬁﬁééée%*?pﬁéﬁ#%s S P EPGoRE RE T AR e 11 ow
chart of shbfiy2de1 ORGE &4 Q:Ehrﬂ"ﬂfd'&d’teb'i;e%‘?t@débitgﬁétééﬁ{tﬁgl'&ﬂhﬁhr ged with

the charging ~equi pnént of the configuration of I's destribed with

speci al eappased Promhendren &ﬂ?@hwn&@e&abueaumemct@rawgprﬁmws Wen
the secondary battery 47, th iumion battery, is charged in'the

circuit eﬁdéhcenem.‘l:rpd:ercﬁ@omsmg ther phdebeoctiphgrt 2 pstéers2vy) t agrl by
the voltage detection circuit 53 wth the inpedance across the source and
t he drai prefchhrgingrepaiation 4% kdlldwed thechhyhnsé atmddny tthies cont r ol
signal supplied fromthe charging control 54 to the gate of the filed
effect tfandition ¢3tep Tdli-ed out (Step S201).

When the voltage detected by the voltage detection
circuit 53 is not the value close to 0V, processing to continue
pre-charging operation is carried out at the input power supply
voltage as it is.

After this pre-charging is started, the condition of the
secondary battery 47 (such as battery voltage, etc.) is
detected, and when the battery voltage etc. is brought to a
specified state, the high impedance state is changed to the
conducting state across the source and the drain of the
transistor 48, and the secondary battery 47 is charged with an
input power supply of comparatively large current (e.g. 1A),
allowing it to carry out so-called rapid charging.

As described above, according to the charging equipment
of this example, similar to the third embodiment described
above, the charging current with the field effect transistor 48,
a switehing means for controlling the start of charging is, held
in the high-impedance state which enables pre-charging by a
small current, and the condition of the secondary battery 47

mounted is able to be accurately detected. And pre-charging
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And the detected voltage is judged by the charging 80 . . . . . . . . .:..
control circuit 54 to judge whether .e¢. Rot.dehe..veltage is OV or the value
close to OV (Step S212). And if tthe voliage*is*Ov.qr the value close to
QV, processing to |ower the input.gowet ..Supply°voltage is carried out by
the voltage control signal supplied fromthe charging control circuit 54
to the primary side control circuit 43 via the photocoupler 52 (Step

- char gj i ' |l ti der thi
condl 1 ofinAeRc e, Ragh  IRERSEHee i Syl EOecHOBST: REPRLY HGEE 4R act i on
. . . I Y . ti
br ¢ char GOHST8Rora: FoROT st HRrPTP Ot HETRRE FRpbeoBotEr etppl y vol tage as
it is. [ - € i LS. ted he . dj. k] f condary
batt oy BrrSharoABupyEbR 08 Al lenb 2 83 LELEE Sradaifee GRC

bat tery wel! anezeby. ehabDAOqNTy eapachl plostakegidde N oh | mpedance

state is changed t0 the conduc state across t ource and the drain

of the transist@bwiBredddriRg 6CONKANWPRNERY 047 FIIE . CHAI OERa Wi FLidn
i nput power supply of conparatively large current (e.g. 1A), allowng it

to carryenbbdimenal bedthappre st gim@ntAsndescabbedipbaye, 1RceRs digxp t o the
charging equipnent of this exanple, simlar to the third enbodi ment
descri bedf abevéiftheenbadgnemt cuwhesecdnthryhbatteryd effeiciut rivsi stor 48,
a sw tching neans for controlling the start of charging is, held in the
hi gh- i npba&hesyst as echarged dnabites ghae-gdlngr gangpibgnt ofmeh¢ «rawitt, and
the condition of the secondary battery 47 nounted is able to be accurately
det ect edCORAdIPFaténnrgf nghe third embodiment mentioned above, and
processing of pre-charging by the control of the charging
control circuit 50 is carried out as shown in the flow chart of
FIG. 22.
That is, at the start of charging, pre-charging
operation is started with the field effect transistor 48, a
switching means for controlling the start of charging brought
into the high state (Step S221). 1In this event, the charging
control circuit 50 is controlled to bring the power supply
voltage obtained in the secondary winding 44b of the switching
transformer 44 to a low voltage (Step S222). The voltage in
this event should be the minimum voltage that can operate the
charging control circuit 50 formed with integrated circuits (for
example, 3.0V) or the voltage slightly higher than that.
Under this condition, pre-charging is carried out (Step
S223), and the potential across one end and the other end of the
transistor 48 in the high impedance state is detected by the

voltage detection circuit 51 (Step S224), and at the same time,

the time in the charging control circuit 50 is operated (Step
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81 . . . : ... under the high-inpedance

state mnth the pomer supply voItage--Lowered to allow the chargi

ng current

to flow achieves pre-charging wistht | oss reduged:at the field effect

transistor 48, thereby enabling “hi‘dhty .ef§i.tT oAt Ppre-charging.

Now,

referring to the flow chart of FIG 22, the fifth enbodinent of the

present invention is described. In the case of the fifth enbodi

ment, the

ZEE?B?QL E230) ¢ noked 1S i ety oF Sgﬁga%ﬂgfagé?éﬁéﬁ%ﬁ%%%ned
cont r o a‘s‘ﬂ?cé’#%’ﬁ@%?%l Falha it FE R (Bt Ro0RE | Thud chb g o diage 2o

That 1o 48 phaCeRRIAL O oI 0 ARLRLCIREG' B LOPFTEL] Dol S Aldh W 1D

the field I ansi Swi t¢hing means for controryi

start Oftshaégwa bawgﬁtgocésrg éme.-. @e%rateatgogg%gpcﬁ&@% 'anttgle event,

the charging confro curt 50 is controlle ring
vol tage ghpgined in the secondary w nding 44b of the switching

e power pply

transforner

44 to a low voltage (Step S222). The voltage in this event should be the

m ni mum vol t age wheh tani®ppidded tifte bec hkegishgnaantr 0bleageubt
wth integrated circuits (for exanple, 3.0V) or the voltage sli

He med
ghtly

hi gher thanstéptS2hdeaftdn stheondinteroowpematedhat gbtgpi $28hrid eskapped St ep

S223), and the potential across one end and the other end of the

transi st ¢6tep $A26he dHhergeiddit e ffeatte tirandéstor edi4 bys timeougyiot tiage
detection circuit 51 (Step S224), and at the sane tine, the tinme in the
charglngtBGn@©@¢u@t¥%@|Qt§KF|Q9(ﬂﬂﬁﬁ%ﬁ@@ tBeegharging current, and rapid

charging is carried out (Step S227).

And if the condition in which the voltage is detected to

be lower than the standard voltage at Step S225 continues, it

must be determined whether or not it has passed 1 hour since the

timer began to be operated at Step S231 (Step S232), and if one

hour has passed, it shall be judged that something wrong occurs

in the secondary battery 47 at this time, and the transistor 48

shall be brought into the nonconducting state to stop charging

(Step S233).

Carrying out processing at the start of charging in this

way enables the detection of the condition of the secondary

battery mounted with the field effect transistor, a switching

means for controlling the charging, brought into the high

impedance state before rapid charging, and highly efficient

detection processing of the battery condition is achieved

similar to the third embodiment. 1In this example, lowering the

output voltage of the power supply circuit (switching power

supply) at the time of precharging under the condition for
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82 .. ... . . .... S231). And it is judged whet her
or not the detected voltage |s the st.andane ol fage or higher (Step S225).
And if the voltage is the st andar @ vnhtage or-lneer, the battery voltage
is judged to be low, and proces$ifid.d’S.¢’abuthetd tto pre-charging at Step
S223. When it is judged to be the standard voltage or higher at Step S225,
after the timer operated at Step 8231 is stopped (Step S226), and the
field effect transistor 34 is brou into the,conducting state to

i ncr easeIPRECERAAGFRY R %gﬁt &o EFSr&FH@mF@ et ?Efl%ﬁnﬁ?¥%¥m
t tect { r
Chan  he Dparhar 8108 T RbERG 'S 500C shB) 1EEEaHREEE SRRt Gnlt rﬁeﬁﬁ'ﬁd
h t t
R Sl BB B0 e iy ALY B 15
that SOMBhAi 86,4 PAg OBk Sndi 6 reCoRGREY DAt LRkYqdtaaby s Lime, and

the transistor 48 shall be brought 1nto the noncondutti tate to stop

char gi ngchbSyeRg SBSst rofak {vdui: G, Férnacﬁa%ébﬂgré‘in?hfs séRab1ed Ehesgi ng in
this way enabl es the detection of the condition of the secondary battery

mount ed whehcobheitiehdvefl ete tIARSS tv@uta@esm/ﬁpm_meagto e SsdWndar
controlling the charging, brought into the hig i npedance state before

rapi d chhagtagy.antohseipientelyf i dciterits pdesdbleotopdetessi tige aforidia iaf t ery
condition is achieved simlar to the third enbodinent. In this exanple,
| ower i ngofhehe osepondany tkafetaxy e hpdher mdopphp burdenttd swiie chi ng power
supply) at the time of precharging under the condition for
secondary battery or the circuit, thereby enabling the detection
of the secondary battery under the favorable condition.

In this fifth embodiment, the potential across one end
and the other end of the field effect transistor 48 described in
the third embodiment is detected and is applied to the
configuration in which the battery condition is detected, but it
is possible to apply to the configuration in which the battery
voltage is detected described in the fourth embodiment. That
is, in the configuration of FIG. 20 described in the fourth
embodiment, the power supply voltage at the time of precharging
may be brought to the minimum voltage that can operate the
charging control circuit 54.

Now referring to FIG. 23-FIG. 25, the eixth embodiment
of the present invention is described. In the case of this
sixth embodiment, the secondary battery (lithium ion battery) is
charged by the charging equipment of the circuit shown in FIG.
23. 1In FIG. 23 showing the configuration of the charging

equipment of the sixth embodiment, parts corresponding to those

previously described with reference to FIG. 18 and FIG. 20 which
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83 .. ... .. ... . . . . . . . . .... detecting the battery condition tb
the m ni numvol tage at which the.chasgi.ng..cont.rel circuit 50, the
integrated circuit, can be operated carryes, pui:pre-charging at the

m ni mum vol t age under the conditid.iMat® arabl.és it he control of charging
by the charging control circuit 50, and precharging is enabl ed under the
condition with the | owest voltage applied to the secondary battery.

Consequently, it is.possible t etect the condition of the secondary
bat tery ARPH BhEOREHPRERFbYR dEh TP il SROSRYTBREL 8F5 @Fnewed dy diha

t hereby enahl ing the detecti of secandar, attery.under the
favorablgaﬁ nﬁ??FBEPC?nn?%ﬁﬁéi%ft%PiJﬁﬁ? Inéﬁg?lgﬁg é%?%%fPE}O%CFbSS one end
and the BEEEEeQDd of the field effect transistor 48 described in the third
enbodi ment 1's detected and is applied to the configuration in which the

battery conditi Oﬁekér%hﬁ%@dﬁxé’ytzjﬁ tHeS c@i%i?i@éfg%tﬁégﬂgh)é o Elgfsl, " the

configuration in which the battery Vvoltage | escri be

fourth eshagpmenis dbeérib&d. i mHd@ igenfitgurarian 98 FAS tRO gesediped in
the fourth enbodinment, the power supply voltage at the time ‘of preécharging

may be bsdadghtft bhé hewii dth g tiedisfeg ridiat 4caniepenat £nd ene &t ng
control circuit 54. Nowreferring to FIG 23-FIG 25, the sixth enbodi nent
of the psepphy ouvputian tle dosidralbed; powetrheuppie 0§ diitSinsd Xh the

enbodi ment, the secondary battery (lithiumion battery) is charged by the
char gi ngdéqdephbnandftheecapacitiar dtowennrcEeG. to28he | seddr@aB sidawi ng t he
configuration of the chargin equi pment of the sixth enbodi nent, parts

cor r espoNdRAgng ot hoseTheyreat yﬁ£é§€rﬁb@éemﬂﬁhwhé¢@rtﬁuﬁhe(PGWGI 18 and

FIG 20 which )
output of one electrode is connected to the positive electrode

side of the secondary battery (lithium ion battery) 47 mounted
to this‘charging equipment, and at the same time, the negative
electrode side of this secondary battery 47 is connected to the
other end side (the side to which diode 45 is not connected) of
the secondary winding 44b via the field effect transistor 48
which is the switching means for charging control.

And a voltage detection/charging control circuit 55 for
detecting the voltage across the terminals of the secondary
battery 47 and controlling charging in accord with the detected
potential is provided. To this voltage detection/charging
control circuit 55, one and the other terminals of this battery
47 are connected to detect the voltage across terminals of the
secondary battery 47 as well as to supply the output of the
switching power supply. And based on the detected battery
voltage, control is carried out on the gate of the field effect
transistor 48, on determining which state should be selected for

this transistor 48, from three conditions of conducting,
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84 .. . .. . show a configuration of the fourth

enbodi nent are denoted by the sane.rqfesenee -auperals, and their detail ed
description is omtted. Referripg:to Bl G*23the.chargi ng equi pnent of
this exanple is described. The Cis/Cui't’«ofeeF1G:" 23 has the prinmary side of
the switching transfornmer 44 omtted, and the power supply output as the
swi tching power supply is obtained by the diode 45 and the capacitor 46

i.de . winding .44b.. Th hod f [ 45
wni cn i s ehEopdief gLt @gqﬁ—wfa%‘é{e@%-3§nflsge§ﬂﬁ%‘%9§aget8 x%&j@é?ﬁe’ved
I d j . ] j t . nmount e
Soefh{g g %f%?ﬁ%9%5%$§%%ﬁggqgﬁg¥§%%?%§5§§%%E%?h§?5§%25€§%a |y ® el ectrode

side of gﬂggﬁéggggg@%hﬂatﬁﬁ%ﬂues cgg?egggsgﬁgﬁ wes%ﬁémeg ﬁgpfic%@e (the

side to 'S 'not connecte e secondary w ng 44b vi a

the fiel gnhef f6etthesdSintd Gestitrd apbpe.sw tchi ng neans for charging
control. And a voltage detection/charging control circuit 55 for detecting

the voltage across thestetdmiplied s tHe titA tageondatyolbatt ehy itdlting
controlling charging in accord with the detected potential is provided. To

thi s vol pagerdetpply doy citer gialgageodertebtibn¢ahtrgong omentansl tdiercatiker
termnals of this battery 47 are connected to detect the voltage across
t er m nal §50ist barried ondariyn lpatopemtidn &s wbél bastény supbtagd het attgrut of
the sw tching power supply. And based on the detected battery voltage,
control témearrTedesgride tthe gondigurakaon; ehdingfele serigsicinmuisg, on

determ ni ng which state should be sel ected for .
of "'resistors 56, 57, one end and the other end from which the

output of the switching power are obtained are connected, and
the connection middle point of these resistors 56, 57 is
connected to the base of an NPN type transistor 58. The cathode
of the diode 45 is connected to the collector of the transistor
48 via the light emitting diode 52a, of the photo coupler 52 and
the other side of the secondary winding 44b is connected to the
emitter of the transistor 58 via a zener diode 59.

Using the series circuit of resistors 60, 61, the
cathode of diode 45 and the voltage control terminal of the
voltage detection/charging control circuit 55 are connected, and
the connection middle point of the resistors 60, 61 is connected
to the base of a PNP type transistor 62. The cathode of the
diode 45 is connected to the emitter of this transistor 62, and
the collector of this transistor 62 is connected to the base of
the transistor 58 via a resistor 63.

In this kind of circuit confiquration, varying the
voltage value of the voltage control signal outputted from the

voltage control terminal in proportion to the battery voltage
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this transistor 48, fromthree conditions of conducting, 8 .. ... .. ..
co e 0o o L L es eser ae seee .0f. 00 0 000 nonconducti ng,
and hi gh-i npedance; and on chargifng: kp:FE&- 23, ! {he parasitic diode of

L]
‘e ¢0ee

the field effect transistor 48 is'..bh.ttad...fo.&*his point, the
configuration is same as that of the fourth enbodi nent descri bed above. In
this exanple, the voltage control of the swtching power supply by the

(o R R N R B el SORCLER SR B
h i LEcui f i 56., b7, .

o bR b AR APt 0B S MR 0 AR

(e comegl pgLddl e Pt o oS neoegs B8, off Lysconmgiatde (he

connect edyupB14NRoE0L 864 0FaEa ! Nend HARS B gedBeVEfot Boybi BipSy t1i ng

di ode 52a, "of “the photo coupler 52 and the other side of the secondary

wi ndi ng éﬁ?glie@oﬁﬁeﬁhédsé@oﬁck@ry Hadteafy @l tBevhiasglistor 58 via a zener
di ode 59. ing the series circuit of resistors 60, 61, the cathode of

di ode 45 and t henval,t pgecessingl at ethe maimedloft peechalragg in this
detection/charging control circuit 55 are connected, and the connection
m ddl e pexatmpdé fibedessribed sréfrritiing socaheedfiod chart hef HEE@. df4 aarfel\NP
type transistor 62. The cathode of the diode 45 is connected to the

em tter thetwpstagancharactepistin diagram of FIG. 25. First of all,

the transistor 34 is brought into the high impedance state, the
power supply voltage Va is brought to the minimum voltage (for
example, the minimum voltage that can operate the voltage
detection/charging control circuit 55), and precharging
operation is started (Step S241). And the battery voltage Vb is
detected (Step S242). 1In this event, the battery 47 is
gradually charged by this precharging, and as shown in FIG. 8,
the battery voltage VA gradually rises. At this point, control
for increasing the power supply voltage VA is carried out as
shown in FIG. 25 in proportion to the increase of voltage by the
control of the voltage detection/charging control circuit 55
(Step S243).

And whether or not the battery voltage VB attains the

predetermined standard voltage V,; or higher is judged (Step
S244), and if it is less than the standard voltage V,;, control

1s carried out for increasing power supply voltage in proportion
to the battery voltage at Step S242 and S243. And if it is

judged that the voltage attains the standard voltage V,; or

higher at Step S224, the transistor 48 is changed from the
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the collector of this transistor 62 is connected to the base of the
transistor 58 via a resistor 63. L@ fhis..kind of .circuit configuration,
varying the voltage value of the vol tage:éontrqli signal outputted fromthe
voltage control termnal in propdnt1nn tQ°the battery voltage 86 .

e e e e detected by the voltage
detection/charging control circuit 55 at the tinme of precharging vari es

t he vol tage contr condltlon at . the aontrol circuit on the prinary side

of the sIWFIRFIARCHNES SEDHISP FHE FPPHUFFAPEIStARR Rl RERFe T8 i he
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hi gh |npeg ce state, the power supply voltage Va is brought to the
mi ni mum & f?bge (for exanple, the m nimmvoltage that can operate the
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rises. AtohdisnPd) o rféaltlryolsamEaO&ebaireaﬂﬁg PRERREInG URRY %! tage VA

is carried out as shown in FIG 25 in proport  ncrease of
vol t age dyndheios Wt e afidilte ergbagerdflestbpM Nl NGy GRMingl Ccircuit

55 (Step S243). And whether or not the battery voltage VB attai'ns the
predet ermeaes, standss dnaioltadgedVah enehigherabse j astgeict i(c3t.ep

In this example, the battery voltage is designed to be
detected during precharging, but instead, as shown in the third
embodiment, the voltage across the source and the drain of the
field effect transistor 48 may be designed to be detected.

Now referring to FIG. 26 and FIG. 27, the seventh
embodiment of the present invention is described. In the case
of this seventh embodiment, the secondary battery (lithium ion
battery) is charged by the charging equipment of the circuit
shown in FIG. 26. In FIG. 26 showing the configuration of the
charging equipment of the seventh embodiment, parts
corresponding to those previously described with reference to
FIG. 18, FIG. 20, and FIG. 23 which show a configuration of the
third, fourth, and sixth embodiments are denoted by the same
reference numerals, and their detailed description is omitted.

Referring to FIG. 26, the charging equipment of this
example is described. The circuit of FIG. 26 has the primary
side of the switching transformer 44 omitted as in the case of

the circuit of FIG. 23, and the power supply output as the
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S244), and if it is less than the standard vol tage V21r control is carried
out for increasing power supply wol tage.d Repreportion to the battery
vol tage at Step S242 and S243. Apds:ife.itt °rsntjuﬂged t hat the voltage
attains the standard voltage V21°wf *sA*gltek."dt- 'St €p S224, the transistor 48
is changed fromthe 87 .. ..

*0 *Ce high- |npedance state to the conductlng state to |ncrease

i d h |
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switching nmeans, can be naintaine n the vor ab ndition. In this

exanpl e, et Bethatibery YOhADEd stcﬁe&teg@e@lt&veeetéetﬁsaedsm &8 the
prechargi ng, but instead, as shown in"the third enbodinent, the voltage

across tbecendace B&Iﬂtéhﬁ (e i 1Tdmebaﬂ:t@k%)eﬂ?eﬁbuﬁfé‘@stéttg{1348 may be
designed to be detected. Now referring to FI 26 and FIG 27, the seventh

enbodi neghaofiihheequigeent j rehtdtorhes sdaectihed. the ndgathee eldctdide
sevent h enbodi nent, the secondary battery (lithiumion battery) is charged
by the chadgi of this pseconddry fatdieryuid? ishownneot&d Go 2the |otifdiG. b
showi ng the configuration of the charging equipnent of the seventh

enbodi neffidepbihe side red pdnidimgliasie dséspnevi coshgctedrrobethen t h

reference to o . . . .
secondary winding 44b via the field effect transistor 48 which

is the switching means for charging control.

And the voltage detection/charging control circuit 55
for detecting the voltage across the terminals of the secondary
batfery 47 and controlling charging in accord with the detected
potential is provided, and based on the detected battery
voltage, control is carried out on the gate of the field effect
transistor 48, on determining which state should be selected for
this transistor 48, from three conditions, conducting,
nonconducting, and high-impedance, and on charging. To this
point, the'configuration is same as that of the charging
equipment of the sixth embodiment shown in FIG. 23.

In this example, control is deeigned to be carried out
in such a manner that the voltage of the switching power supply
by the voltage detection/charging control circuit 55 is varied
in a plurality of stages in proportion to the battery voltage at
this time. To describe the configuration, using the series
circuit of resistors 56, 57, one end and the other end from

which the output of the switching power are obtained are
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FIG 18, FIG 20, and FIG 23 which show a configuration of the third,
fourth, and sixth enbodi ments are.derat ed By.the.same reference numerals,
and their detailed description i3 qnitjﬁdzuﬁeie[:kmg to FIG 26, the
charging equi pment of this exanple *s& ‘deScrl hell. (The circuit of FIG 26
has the primary side of the switching transfornmer 44 omitted as in the
case of the circuit of FIG 23, and the power supply output as the 88 ..

sl € O
... . cophected, and thg; ¢ IWEH IS POINE 86t BhRRE BFStHOTH ode 45
[ d i d | ndi 44b. T
and, he sBPRs! 48T caREONE Ll e SecopdneL g8 P DR ME e
connect ednbOckiRoBAsE | Ve GG AP Y MonobckRA £3CEROUALYI LASLYr (yid i um
ion battery) 47 nounted to this charging equipnent, and a € same tine,

the negatir¥fsebestrogleyisidee ofid %nﬁ%‘%ﬁﬂgaﬁlo@ét§§£3’oﬁ7tlilé @%mﬁct ed to
the other end side (the side to which diode 45 is not connected) of the

secondar gouphdirng2 44nd i ehd herHdeldd Rf bgCthbr a8ebaEALy 4RiNdM & 4415 fhe

swi tching nmeans for charging control. And the vol tage detection/charging
control connatcted5tofolie datiBciemepft hevarhagesaeross Ve t1es ddids of the
secondary battery 47 and controlling charging in accord with the detected
pot ent i alipdeppdvi ded, and based on the detected battery voltage, control
is carried out on the gate of the field effect transistor 48, on

det er mi ni ng whi cEostheecatbrde Pk Gidsctddd Pae end of the resistor 60

is connected, and the other terminal of this resistor 60 is
connected to the base of the NPN type transistor 62. The
cathode of the diode 45 is connected to the emitter of this
transistor 62, and the collector of this transistor‘62 is -
connected to the base of the transistor 58 via the resistor 63.

And zener diodes 60, 65, 66 with different voltage
characteristics, respectively, are prepared, and the cathodes of
these three zener diodes 64, 65, 66 are connected to the
connection point between the resistor 56 and the base of the
transistor 62. The anode of each of zener diodes 64, 65, 66 is
connected to the other end side of the secondary wiring 44b via
a change over switch 67, and depending on the change-over
condition of the changeover switch 67, only the anode of either
one of the zener diodes 64, 65, 66 is connected to the other end
side of the secondary wiring 44b. The change-over of this
changeover switch 67 is controlled by the voltage control signal
voltage outputted from the voltage control terminal of the
voltage detection/charging control circuit 55.

In this kind of circuit configuration, varying the
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this transistor 48, fromthree conditions, conducting, nonconducting, and
hi gh-i npedance, and on charging. «kQ.iis. «poi R, :the configuration is sane
as that of the charging equipmept ;ofe,the *stxd°h, Rybodi ment shown in FIG
23. In this exanple, control is Yasi’gnédd te.Pa.tarried out in such a
manner that the voltage of the switching power supply by the voltage
detection /charging control circuit 55 is varied in a plurality of stages
in proportion to the battery voltage at this.tinme. To describe t

con1 gur SPRERSECephe (FE LY U CRRE cBimeri BabhET pdfaREEes’ Bt iy anc
t he ot he r ' uts f .SW Lehj t.ai ned
are 89 .§o$£ggg 88%t¥81(%h£$Ehéi s %IUEQElgggégc%gggggﬁﬁﬁHﬁ%ﬁ%%ﬁﬁg% i on

m ddl e pebnrch@fbala@éﬁyrr@éi@a %et%%te'wb'g_stﬁen{}sﬁseet@eéé@tf@éﬁ of the NPN
type transistor 58. he cathode of the diode 45 is“connected to the

col | ect Oéhﬁfgifig cbhersi sé e WA althenkl 8hfee8tt bi86h & QHeg 32 s tihe
photo coupler 52, and the other side of the secondary wnding 44b is

connect ed phuthieyi ¢t estafed hthd MlTageOtoh8ryi acdbheizemerat digde 59. To
t he cat hode of di ode 45, one end of the resistor 60 is connected, and the

ot her teconnhablo¢itdm bt rasitdieoprfary sddenec€t elet owitehbegedfert he NPN
type transistor 62. The cathode of the diode 45 is connected to the

em tter efpphysnotrihbistoatsd, amdd thieevodkhget of blhe tiwwer rapglst or 62 i s
connected to_the base of the transistor 58 via the resistor 63. And zener
di odes 68uPBb1e@etqi the FIFUHRTY Pottegy 4éhafaveeiedtinsy playpelitwalfy,

are prepggggésand t he cat hodes of

Now, processing at the time of precharging in this
example is described referring to the voltage characteristic
diagram of FIG. 27. First of all, the transistor 48 is brought
into the high impedance state, the power supply voltage VA is
brought to the minimum voltage (for example, the minimum voltage
that can operate the voltage detection/charging control circuit
55), and precharging operation is started. That is, a zener
diode whose Qoltage becomes the minimum by the changeover switch
67 (for example, zener diode 64) is connected. And the battery
47 is gradually charged by this precharging, and as shown in
FIG. 27, the battery voltage VB gradually rises. At this point,
when the battery voltage VB rises to a certain value, the
changeover switch 67 is changed over by the control of the
voltage detection/charging control circuit 55, and the power
supply voltage VA is increased by one step. And when the
battery voltage VB is further increased to a certain value, the
changeover switch 67 is changed over by the control of the

voltage detection/charge control circuit 55, and the power
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t hese three zener diodes 64, 65, 66 are connected to the connection point
between the resistor 56 and the bese«gf .t he.. {seapsi stor 62. The anode of
each of zener diodes 64, 65, 66 ts: cunecred:to:sibe other end side of the
secondary wiring 44b via a chan§e’dver.sWwe.sth.57,: and dependi ng on the
change-over condition of the changeover switch 67, only the anode of
either one of the zener diodes 64, 65, 66 is connected to the other end
side of the econ Adb. The han e-over of this  changeover

rn
owi tch 659PRI¥ORP B#%V%yh?w@%qsg&e YofttPoRCEPGREFE- ol tage aut put ted
f h | ft det rgin
ontr ol ol Dol deafaniheh LA BARLS Jdi%aof R’Eaﬁgtaﬁflgfftbon Sa?y?'nggt he 90
predetermined %44 ay@l%%]t(g‘ d %ebl o4 %e%onttht%' LgngL gut pytted

fron1the vol'tage contro erm na es N proportion

to the batte vol. t ecte by t he vol t age detectlon/ charging contro
circuit 58 SEXPﬂ%dtfﬁ%mdgh BRJangs; §§gFﬁ tg Bh%r%@?4$pYﬁn%t t he

vol t age %ﬁntr cond tio at t he control ci.,rcu si de, of

the swit chi ngpower 1%%pcp FHRI 1G9 F§ 4t 8849 ﬁﬁalflh‘gh%‘i’%rg%gln%g‘ialﬁeteéjom?r
t
suppl y Qﬂltﬁg %8wéPe Qﬁ§Xﬁ££%?f&ytﬁ% bélggééegz g? g§§ﬁ§ Ity ©

st ages. m/ processin pr echar ging’in le is
described referring to the voltage characteristic dlagran1of FIG 27.
First of “BrFI1R%e tranS|stor 48 |s brought into the high inpedance stat e,

exanpl o, the mi EAGRY V5198 CoRhTa 558 hoBerRE BEreigEs TS {n his
det ect | oLenaLgl Rhe 5oL ogov&.lf UPd1iedko 2R PLEFHALSEAG: WELAI AL g

started
constantly to nearly same level during precharging, and the

condition of the field effect transistor 48, the switching
means, can be maintained in the favorable condition. In this
event, in the case of this seventh embodiment, control of the
power supply voltage is carried out in a plurality of stages,
and control is able to be effected with a simpler configuration
than in the case of sixth embodiment in which the power supply
voltage is controlled nearly continuously.

In the case of this seventh embodiment as well, the
battery voltage is designed to be detected during precharging,
but instead, as shown in the third embodiment, the voltage
across the source and the drain of the field effect transistor
48 may be designed to be detected.

In this seventh embodiment, the power supply voltage
during precharging is designed to be varied in three staées, but
it may be varied in two stages or more than three stages.

Now referring to FIG. 28, the eighth embodiment of the

present invention is described. 1In the case of this eighth
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di ode whose vol tage becones the m ni num by the changeover switch 67 (for
exanpl e, zener diode 64) is connegted. And.ihe.battery 47 is gradually
charged by this precharging, and:a$ shewg shi) ¢ FIGs 27, the battery voltage
VB gradually rises. At this poini, -*When_'t he ba‘ttery voI tage VB rises to a
certain value, the changeover swltch 67 is changed over by the control of
the voltage detection/charging control circuit 55, and the power supply

| t VA A d t.he  batt | t VB
furt her en@bé&'g%ﬁfcea%ﬁ ceVe e s (4, (TRRga008R BaFLeRY b7 T <i% hanged

over byt t he v Ita e. det ect n/char e.coptrol .circuit_55,
and the POWE r§8§ by eRL &fiErgi Ry Efifi Sif fo g&Ftﬁ QWYALN | BIG h 38ased

by one nore step .when t er L.¢ t
pr edet er mi ned st gﬁ&é?glwgl ?gggf?/ﬁiébr |ég/(hyehr qqﬁhéBt %g]%?#ngflorg%thl% changed
fromt hee&bﬁﬁib”ﬁ?§dé§§€r§lt)é‘&e tord he o QildalicN@agh tﬁho 8 {:ﬁ'&r p\{)l v VA

charging current, and rapid charging is started e power

used fOfsbb@céobfaﬁﬁeVBBWé@rsdﬁﬁlfiVdﬂﬁﬁdﬁ N6 aCB1bYkNEoPH! wREEL Obwit the
time of precharging in this way can keep the power applled to the field

effect trgpessborpder comspbntdne tpraeardd: samerkevebnsuahdgvdrEesdrar gi ng,
and the condition of the field effect transistor 48, the switching neans,

can be mebntraengll fortdgenémwvormpltehe omditirigendulringhpseckaegingiand he case
of this seventh enbodi ment, control of the power supply voltage is carried
out in asprandl fepsbanttegbiage Hrhnamt’/2olforsggbkratdnpetleé freaktsaeni th a
simpler 8822h8u£géigncharglng In this event, the output voltage of the
first constant voltage source 71 should be the voltage lower
than the minimum required voltage for operating a charging
control circuit 75 later described. The outputs of these two
constant voltage sources 71, 72. are selectively supplied to the
positive electrode side of the secondary battery (lithium ion
battery) 33 by the change over switch 73. 1In this event, the
change-over of the change over switch 73 is controlled by the
charging control circuit 75.
And across the negative side of the secondary battery 33
and the constant voltage sources 71, 72, a field effect
transistor 48 as a switching means for controlling charging is
connected. The field effect transistor 48 is controlled by the
charging control circuit 75 composed of integrated circuits, and
is controlled in the three states: conducting, nonconducting,
and high-impedance. And the detection signal of the voltage
detection circuit 77 for detecting the battery voltage of the

secondary battery 47 is designed to be supplied to the charging

control circuit 75.
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than in the case of sixth enbodinent in which the power supply voltage is
control led nearly continuously. | the egse-of--this seventh enbodi nent as
well, the battery voltage is des$igned it @ ve, et &sted during prechargi ng,
but instead, as shown in the thifeé‘émdddi'ment .+t hé voltage across the
source and the drain of the field effect transistor 48 may be designed to
be detected. In this seventh enbodi nent, the power supply voltage during
precharging is designed to be varied in f.hree ages, , but. it.may be varied
in two stages or%RﬁrEﬁ?h%ﬂw?ﬁr%&?gﬁ¥uﬁ§§éaﬂﬂwpﬁg%e8§ihBetSh?$Q%n%8, t he

eighth e Laent, . pr.aese | v LQn | iped., In the case of
thi's o GRERCGBL, Ci£bull® s BERE Poddt BUB:1Y 531 EEER PE bt “shiSelt rht .  he
secondary b | L L hy i r i har i ng

cqui prontSofcsael Lo urin et Wh Alohp 7ETUHEE B SIS

char gi ng+8aULBIBR s Qb1 fodddPgaths o%e%ﬁ&bbeﬁargiﬁg_ SEnSESEBEAGAl Y
shows the supply source of the power supply voltage in a block form where
two types,oh PaPREitHPP!Y With RiERAredivelll 18tge08spadityold age source
71 for generating the voltage during precharging and a second constant
vol t age eotiheetdd.for generating the voltage during rapid charging. In
this event, the output voltage of the first constant voltage source 71
shoul d be the voFbageohbtwmel of hdmidisgriby the cbgugied wohtage dircuit
operating a charging control circuit 75 |l ater described. The outputs of

t hese twd5,cdRsCARTY Vol Qe RAheEging, the brensesberi4®|is suppidhed o t he

positive el ectrode side of the secondary battery (lithiumiaon
the high-impedance state, and then the switch 73 is changed over

as required to change over the first constant voltage source 71
and the second constant voltage source 72 as required. The
change-over frequency should be such that the condition in which
a sufficient volume of charge is accumulated in the capacitor 76
is maintained.

At the time of rapid charging, the transistor 48 is
brought to the conducting state, and the output of the second
constant voltage source 72 is continuously supplied to the
secondary battery 47. This precharging is changed over to and
from rapid charging based on the detection of the battery
voltage by the voltage detection circuit 77.

Controlling in this way is unable to secure a required
voltage for operating the charging control circuit 75 under the
condition in which the output of the first constant voltage
source 71 supplied to the secondary battery 33 during
precharging, but while the power supply is fed from the second
constant voltage source 72 (the voltage of this power supply is

the voltage big enough to operate the charging control circuit
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battery) 33 by the change over switch 73. In this event, the change-over
of the change over switch 73 is coantkal L.edsby sshe charging control circuit
75. And across the negative sideEoﬁ the seconpragy.sbattery 33 and the
constant voltage sources 71, 72, *a’fi&l*d.%=fLi®bs® teransi stor 48 as a

swi tching nmeans for controlling charging is connected. The field effect
transistor 48 is controlled by the charging control circuit 75 conposed of

integrategd ciycuit d _i.s controlled in the th tates: conducting,
nonconduit) ngt R RRRTEIRT it aanBATRd  nEOBBELERERY ) Hhale A he vol | age

[ ' ' ' h | f th .cond
ot tory ArEPRERE; et Tl SBns ke EntRG: B o8tne Srealielic Vs
93 . 1"th?hv8}t?ﬂ% e?Pu h tO'QPerat the §ha§g%gg'gﬁnt£@i éf?%&%%“#S %%pply

feedi ng pa e charging ontrol crrcurt ™ e pover supply ‘sel"ect ed
by the syhtghndd by SthesiiHigh hHyctrp iad éh aé‘ingd%,?‘lancf‘;t?rrdoqérci Ceuit

parallel to the power supply feedi'ng path of I's charging co

75, a cappskh@fgiRgWdit £8P &ldrtaled b@rtggycaﬁaca':ﬁxr%ngme@ﬁﬁd- For

control of charging by the charging control circuit in carrying out

prechar gcfigculibe7sransi stor 48 is brought to the high-inpedance state, and
then the swtch 73 is changed over as required to change over the first
const ant vol t ageBeocause e power reipgdgomdldagst dotriugl pagehsogicg &2 as
requi red. The change-over frequency should be such that the condition in
whi ch aablefteikatmads uknvey tdisar ddei yodtegruragedred foe epgradiing 76
the circuit in the charging equipment, the voltage of the power
supply fed to the secondary battery 47 during precharging can be
made extremely low, and favorable precharging can be achieved by
extremely low voltage. That is, because the power supply
voltage fed to the secondary battery 47 can be made low during
precharging, even when there is any trouble in the secondary
battery 47 due to some factor (for example, when shorting occurs
across terminals), damages on the charging circuit side
attributed to it can be suppressed to the minimum.

In the case of this eighth embodiment, two constant
voltage sources are provided for changing over between the two,
but as described in other embodiments, it may be configured to
vary the power supply voltage by the control of the primary side
of the switching power supply or others. 1In the case of the
sixth embodiment as well, the battery condition is designed to
be detected by detection of the battery voltage, but it may be
configured to detect the potential across one end and the other

end of the switching means (field effect transistor 48).

Now referring to FIG. 29-FIG. 33, the ninth embodiment
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is maintained. At the time of rapid charging, the transistor 48 is brought
to the conducting state, and the outeeut -ofssbheesecond constant vol tage
source 72 is continuously suppli@dsitordhes esggopdaLy battery 47. This
precharging is changed over to afé® “ks'OmYeap! telhar gi ng based on the
detection of the battery voltage by the voltage detection circuit 77.
Controlling in this way is unable to secure a required voltage for
operatingfthe char?ing cont r.ol CLrCéit 75 under the <condition in which the
°r

out put ofTthRerPFe nSTEERE AN 59 &eSEEEPEE- 71 supplied to the secondary
second’ const ant PU8T 1 age botnes e LT RGyR NG bR SoBbiRITeEiR A s
1€ 75y R Shar gl bR, Beba e BT CaRROh fonty "B uskhe, oo
opor at & Thar Thad of R Eaan ST e Cen eI gu e ha 1) T e charged

to the capagging ¥6 candidd QpR. precharging control is carried out by the
charging contro circuit 75. Because the power supply voltage during

precharging is nRbtettof el hpdshd euwrifighaatibe vel thgechgayingd for
“operating the circuit in the charging equi pnent, the voltage of the power
supply fequipmeire sowemdiar JFligat 26r yis4 dedaribgdpreldrs RO poaar ampprgde
extrenely |l ow, and favorable precharging can be achieved by extrenely |ow
vol t age. iFhsweppbiedetermea tdpamsawdals agppyweyosupply f&W t® & he secondary
battery 47 can be nmade | ow during precharging, even when there is any
troubl e pﬁapﬁ§o§@%{¢ﬁgggifier circuit 82 to provide DC low-voltage power

supply. And this DC low-voltage power supply is supplied to a
constant current circuit 83 to provide an output of a constant
current. And this constant-current output is supplied to a
constant voltage circuit 84 to obtain an output of a constant
voltage. 1In this case, this constant voltage circuit 84 is
designed to set 4.2V constant voltage output and 4.0V constant
voltage output. For this output voltage, either 4.2V or 4.0V is
designed to be selected by the control of a control circuit 87
later described.

On the positive electrode side of a secondary battery 85
mounted to this charging equipment, the output voltage of the
constant voltage circuit 84 is supplied. In this event, in this
example, a lithium ion battery is used for the secondary battery
85. The lithium ion battery used here must provide
characteristics in which the battery voltage is 4.2V when the
battery is 100% charged (fully charged). Then, the potential
difference between the positive electrode side and the negative

electrode side of this secondary battery 85 is detected with a
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battery 47 due to sone factor (for exanple, when shorting occurs across
termnals), damages on the charging.ciscu.dt side attributed to it can be
suppressed to the minimum In t:he case of -t Ries :ei ghth enbodi ment, two
constant voltage sources are pnov1ded f or.*changi’ng over between the two,
but as described in other enbodinents, it may be configured to vary the
power supply voltage by the control of the primary side of the swtching

bt cery EBABROPORETEC et 3%}%%%""5836 adhEctahang? RO bEevtry “%lruae?%ﬂ;ttte?g
n n
and the’ Ahertbant Pis SRR B R dRhe B b eChh ¢ %?ueﬁii ’5s). Now

referrin 33, the ninth enbodi nent a 09
to O g?h?ﬁgig?%égﬁgiﬁacentlon is described. FIG 29 is a block dlagram

showi ng the configgr ﬁéég&f‘l@é elde LY @ike %‘i“'tHgEEécéﬁﬁékgdb;S@té

enbodi nent, and using char gi ng equi pnent of the configuration shomn in

FI G 29,1sCB@ﬁﬂé6€edSt6at£Hé afr didformerSiredt idlibr EDecePpfaPurad ipn of the
charging equipment shown in FIG 29 is described, where AC power supply

is supplceﬂrénﬁndete@nmmmcméﬂlg¥bnumﬁemosmpphyaB&haﬁgﬁng circuit of the
transfornmer/rectifier circuit 82 to provide DC | owvol tage power supply.
And t hi ss®&ohdaryodbatagerpdter Aaseldy ons theppbiedtial adiftimsdrerd bettwesmt
circuit 83 to provide an output of a constant current. And this

const ant oe@r eBatapdtphe erheymid ef theacursastafdeteotieyaasishin 84 to

obt ai n an_out put of a constant
the current flowing through the resistor 88 is detected by a

current detection circuit 89. The current value detected by
this current detection circuit 89 corresponds to the charging
current supplied to the secondary battery 85. The data of
current values detected by the current detection circuit 89 is
supplied to the control circuit 87. This control circuit 87 is
a circuit composed by a microcomputer with integrated circuits
for controlling the charging operation, and based on the data of
the battery voltage detected by the voltage detection circuit 86
and the data of current values detected by the current detection
circuit 89, the supply from the constant voltage circuit 84 to
the secondary battery 85 of the charging power supply is
controlled. The control circuit 87 of this example has a timer
circuit (not illustrated) built in so that the passage of a
predetermined time is designed to be judged.

By the way, there is a case in which a load circuit 90
may be connected to the secondary battery 85.

Now, referring to the flow chart of FIG. 30, charging

processing of the ninth embodiment in which the secondary
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voltage. In this case, this constant voltage circuit 84 is designed to set
4.2V constant voltage output anmge4d:(V constant voltage output. For this
output voltage, either 4.2V or & OViis**'dgSl.gned to be selected by the
control of a control circuit 87 "d-afer -deser’i bed. On the positive el ectrode
side of a secondary battery 85 nounted to this charging equipnent, the

out put voltage of the constant voltage circuit 84 is supplied. In this

battery btk CTFER & fgybﬁ,a;gt;*egery;fgggghgggéd;gggégaﬁgg@iahfgi?%c°”daf_y
h st i ich. A t i.s.4.2V t attery is
T00% ohap gab it 5 ik e e W b B e 1T er ence bet Weenyé he
iti | ect i t t] el i d .t hi econdary
Pattery 85 1 def e onrngif IRHRids EniS' BRABTE £ Fablidd qudr ol

circuit ggseah@nd@ﬁé‘ Sond1 age iRl entraet @ﬂ:?gi{;—rﬂﬁ Ni gny AdApgHiet ection

circuit is supplied to a control circuit 87. e negative el ectrode

si de of thergesgnéiseyabodn &ieyidhs dndl enaNBatedry0it hendFqnsfy ner/rectifier
circuit 82 via a current detection resistor 88 to forma charging circuit

of the cecrvatargxbentpersy.Bb.iBadadwed tbebpobespuetedifian aiiee bet ween
one end and the other end of the current detection resistor 88, the
current ¢bosiagttvebuade tdierqueidi Sdorto88arsydetectens tynta vallbagent det ecti on
circuit 89. The current value detected by this current detection circuit
89 corr eshardsng o $¥ep chitlgi ng Andudugingstubps i etlatrginge ser omdrplbat t ery
85. The data of current values detected by the current detection circuit
89 is stppfrel 80 1MOeDthedthey tdegi bagreryhis twhty othagigedi(or87 is

nearly fully charged) or not (Step S302). The full-charged
condition is judged, for example, by judging whether the current
lowers to the charging current corresponding to full charge or
not based on the detection data of the current detection circuit
89. If it is judged that the battery is fully charged, the
output of 4.2V from the constant voltage circuit 84 is stopped
by the control of the control circuit 87 and charging is stopped
(Step S303). It is allowed to stop charging when a specified
time (for example, 1 houf) passes from the time when the current
or voltage corresponding to full charge is detected.

And after this charging is stopped, the battery voltage
of the secondary battery 85 is detected by the voltage detection
circuit 86 (Step S304). Here, it is judged whether the detected

voltage value is the voltage of standard voltage V;, or lower

previously set to the control circuit 87 or not (Step S$S305). In

this example, 4.0V is used for the standard voltage Vi, and for

processing at Step S305, whether or not the voltage is 4.0V or

lower is judged by the control circuit 87. If it is not 4.0V or
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a circuit conposed by a mcroconmputer with integrated circuits
controlling the charging operatian, --aner-Qased on the data of t

for
he battery

vol tage detected by the vol tage detecttan’tisntuit 86 and the data of

current val ues detected by the’twffeft.détectton circuit 89, t
fromthe constant voltage circuit 84 to the secondary battery
chargi ng power supply is controlled. The control circuit 87 of

I ' j ill d) built i t hat
of o' pr SaHPEs rFRERCEnR P e o o0 thdkgah SESPRE bt

he supply

85 of the
this

t he passage
there is a

case in i a ircuit 90 may be connected to the secondary battery
ERbParBatd ettt qus

~85. Now, errirn

ow chart of FIG 30, charging processing of

t he ninth enbodi t . ! t ! r : . ..
Ce bg§ e??ﬂ?¥?%%$ﬂ i on ga?ﬂﬁ?&)%ig gﬁéFagﬁ %%F%%t?%éméharging

equi prent o] £ N i ri-he T, i
egangle ?Eéga§??ﬁa g%fh %g@@g&g: tﬁ%ﬁﬁgﬁFﬁb?hgf9§ﬂgbg%%t{§3£%§%

when thegacbat gh80tREEFEL L& hRAWVIS ARG bhethahhesy {Be GO
certain extent, 4.2V is allowed to be outputted fromthe const

circuit 84ffereaceybetweswnsiiants ot Taa@ethéhbhgtéﬂ%(&bﬁﬁa@g@éteo%éﬁ dﬂtyri ng
er the pattery 1Is u

this charging, the control «circuit 87 judges whet

r.ofl -grﬂs
é&ﬁi g?, and
to a

ant voltage

1y

charged the votbafg detégtidmragieduidr 8totis( $udped302)thd heorftrtdl- char ged
condition is judged, for exanple, by judging whether the current lowers to
t he chargingugbr8ént aed reupdmi gy notf gthe vhatggeodif fertenes exkasedshe

detection data of the current detection circuit 89. If it is |

udged t hat

the batt8r9Vi@r{Retylehipd@rfl thearry out processing to judge whether

the battery voltage is 4.0V or lower.

Or for another comparison processing of the voltage at

Step S305, based on the grounding potential (that is, 0V), 4.0V

may be set to the control circuit 87 as the standard voltage.

And the battery voltage detected by the voltage detection

circuit 86 may be compared to this standard voltage (4.0V), and

processing for judging whether the battery voltage attains the

standard voltage or lower may be carried out.

And when it is judged that the battery voltage is 4.0V

or lower at Step S305, the timer set in the control circuit 87

is operated (Step S306). And whether a predetermined time n;
after this timer is operated has passed or not is judged (Step
S$307). For this time n;, for example, 30 minutes are assigned.

When the control circuit 87 judges the passage of time

n; (that is, judgment that time n; has passed since the battery

voltage reached 4.0V or lower), processing returns to Step S301

and charging operation is started. For the charging operation

at this time, based on the control of the control circuit 87,
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out put of 4.2V fromthe constant voltage circuit 84 is stopped by the
control of the control circuit 8%:and:ehargiing is stopped (Step S303). It
is allowed to stop charging Mhen'a:spéﬁhﬁfﬁd-}tine (for exanple, 1 hour)
passes fromthe tinme when ths.tlw! ént «e0r *vol tage corresponding to ful
charge is detected. And after this charging is stopped, the battery voltage
of the secondary battery 85 is detected by the voltage detection <circuit

L . it is judged wheth he d d . | i
he. vol { 496 Vot > PARBAF B Yol FA o™ £ {afler S SoRobeF o db 5%395%??]33 o
[ [ S . . 1 hi le, 4.0V LS. d
cTeult B a0t FSR SR8 1 N ARG 0K Ly uepdeior 4
Zogbagf ?%oéeggiﬂﬁ okoggép'§3bPQQﬁgeﬂ%g%hﬁgc9@%@3&e8ﬁ§085£r§3d biglt 1s not
- Now referrih§Ve6 rfg! 5t | QheDloHahe ik t§§6¥e¥gk?ﬁge at Step

S3C4Iié ;épéétedly carried out. For conparison procéessSing of e vol tage

det ect edcandi®iep §208hid ékafipy bwbtiiednkr @Tolvhenaeassant1yol $@oes
circuit 84 set as the voltage serving as a standard, the voltage

di f f er encleshetibedn tithe doPbagedchidadiairtianyicsolt agmhaiat det edchy 31t he
vol tage detection circuit 86 is judged in the control «circuit 87. And

whet her ghoRokhhhge¥0bkagRe dbi £ €8P GRIVHREISarPyIHgObubOthhSgisgged to
carry out processing to judge whether tHe battefy voltage 1s 4.0V or

| ower. causes the battery voltage Vi3; approaches to a voltage V;; at the

full-charge, and the output of the constant voltage circuit 84

is stopped at the timing T;; when the voltage V;; (4.2V) is

attained at the time of this full-charge, and charging to the
secondary battery 85 is stopped. By the stopping of this

charging, the battery voltage V3; gradually lowers by self

discharge of the battery (or discharge to the load circuit) from
timing Ty;.

Under this charging stopping éondition, let detection of
the battery voltage V33 be carried out successively, and at
timing T;;, let the battery voltage V3, lowers from the standard
voltage V, (4.0V). 1In this event, the timer circuit in the
control circuit 87 operates at timing T;,, and at timing T3 in
which time n; (for example, 30 minutes) passes from the start of

the operation, charging to the secondary battery 85 is restarted

and continues to timing T;, when the battery voltage V;; attains
Vi1 again.

By charging in this way, the timing for restarting
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Or for another conparison processing of the voltage at Step S305, based on
the grounding potential (that.ies;Q3v);:-4,0V; nmay be set to the contro
circuit 87 as the standard vol§age: :Aﬁqgthé-pattery vol t age detected by
the vol tage detection circuit’ 86" hay-be eonpared to this standard vol t age
(4.0Vv), and processing for judging whether the battery voltage attains the
standard voltage or |lower may be carried out. And when it is judged that

i . I St, 305, .the ti t inth
control EPPelipeads FevirdbLy Het §m’§% e%t%;l%pﬂﬁﬁrﬁhétshgrfi%g%%é‘% éﬁ%ﬁ
i . i i i not i s judge e
R e e S b S B e §ssfaatae§m tt{]g |
| i . 7 . > a
CPMe o foublab1fl AHAESLOLPRRAAOD hakt Y, Bhakhlelri e bt BN,

processi peel 8bHEDRuAL i ShePr SR cSHUH +SRAT GhBEORS' @Béof‘% 'f-ﬁﬁéﬁe@d- For the

charging operation at this tinme, based on the control the control

circuit 84nd99ién2¥ahsSb&Ubiuitdiebd . omHalte igon&hant tXel §agsceissWt &Gk and
constant-vol tage charging is carried out using this 4.2V. And processing

of Step BaBteamdvaltageis;repeatediyteny réaer g odlgwihef patiagyto FIG 31,
the charging processing condition of this exanple shown in the flow chart

of FIG 3B1k8gedBsctmdsth Ve ARl g ichandal el bablconya lesbowy idufd G 31

show changes of the battery voltage, carrying out charging causes the

battery voltage V3latppheaehmsnyorg Yelt aest¥idiny dierqing! - ohigy @ and
the output of the constant voltage circuit 84 1is stopped at the timng T11

when t he a (44 2 i tain i i - char ge,
and charaﬁgght%ﬁt%%é'sg%bx%gﬁéxﬁ§?¥%$y%g§§%sEggg%%gg.&%ﬁé%ﬁé?é#%%ﬁﬁag of
this AVB of the battery voltage, and then, the timer circuit operates

when the battery voltage is higher than the voltage Vi, by this
error AVSB and when time n; passes from the start of the

operation, such characteristics that charging is restarted are

obtained (voltage Vi3, shown with a broken line). Consequently,

even if there is a detection error of battery voltage,
sufficient time is able to be secured from the restart of
charging to the return to full-charge, and deterioration of the
battery due to continuation of the full-charge condition of the
secondary battery (lithium ion battery) can be prevented.

 In this event, for judgment of battery voltage detected
in this example, 4.2V outputted from the constant voltage
circuit 84 (this 4.2V is the battery voltage when fully charged)
is designated as a standard voltage, and the voltage difference
between this 4.2V and the battery voltage detected by the
voltage detection circuit 86 is judged in the control circuit 87
to judge the lowering of battery voltage to 4.0V or lower, and

accurate judgment of the battery voltage with less error is
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charging, the battery voltage V31 gradually | owers by self discharge of
the battery (or discharge to -the<toad:iti'rCuist) from timng T11l. Under this
char gi ng stoppi ng condition,: IEt'détécf%dhﬂoﬁ--the battery vol tage V31 be
carried out successively, ant-ates" tvnrng T12 ‘let the battery voltage V31

| owers fromthe standard voltage V2 (4.0OV). In this event, the timer
circuit in the <control circuit 87 operates at timng T12, and at timng

f f h f
(he oper SEPBRCEENaPS] FEPT T SR "4F PG CBS T o1 CERLF 160 P
continueg hg{higbggmgg%rggﬁggf 4}3 ery voltage V31 attains Vi1 agaln. By

charglng I'n restartlng 100 ....

- a S Y, if there
is a detection eWPgP 4|%Vtﬁf at t y v tagghapgghgégpngﬁ?29§£fgﬁ?o
carried gatsedfaﬁ%ﬁél rdftp%’ﬁeqlrtatallorctﬁatb%tew)%ﬂﬁ&&@rl Stics due to
the continuation of t e condition close to the full-charge condition can

be preveatgdgndbahgi she Weitdiie Wil ar ehet emebaft Rl Y1 VEhdBge £B31 1S
accurately carried out, the battery voltage becones a voltage sufficiently

| ower t hahet beasflandain thid tvagye 12 iast pvbeibilel Agr Tdke f@sntwst afiddigt
charging. And as shown in FIG 31, suppose that there exists a detection
error ASB tb jhdgbatherbattsinpgmltage byediredelyi jedging cthd operates
when the battery voltage is higher than the voltage V12 by this error AVB
and whendetastihonpdasasof rdmm tved taiger desbcthen epeeait o6 andhjudgment

characteristics that charging is restarted are
of the battery voltadge can be carried out with a simple

configuration, but in this case, as described above, it is
possible to secure sufficient time from the restart of charging
to the return to the full charge, and deterioration of the
battery caused by the continuation of the full-charged condition
of the secondary battery can be effectively prevented.

In the processing of the ninth embodiment, it is
designed to carry out judgment at the restart of charging by the
detection of the battery voltage, but it may be designed to
cérry out the judgment at the restart of charging by detection
of the charging current. The flow chart of FIG. 32 shows
charging processing in this event, which will be now described
in detail.

First of all, charging operation is carried out based on
the control of the control circuit 87 (Step S311). 1In this
event, with the secondary battery 85 charged to a certain
extent, 4.2V is outputted from the constant voltage circuit 84
and constant voltage charging is carried out. And during this

charging, the control circuit 87 allows the current detection
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obtai ned (voltage V32 shown with a broken line). Consequently, even if
there is a detection error of--petterystoltage, sufficient tine is able to
be secured fromthe restart nf:_cggrgrﬁggfh=vhe return to full-charge, and
deterioration of the battery+dle to contirhuation of the full-charge
condition of the secondary battery (lithiumion battery) can be prevented.
In this event, for judgnent of battery voltage detected in this exanple,

. df h I ' ' 4 LS,4.2V | h
bat tory BOFTRGE HRCHC HFFor e Ry air it crb Rt o Sheb ST 2huct lioftige,
dth j iS4 2 he_b
et cct oo RyUPRCALEEE RS QAR chAripontofRnhafe aloh T SE ey d
courat et ulgRelEOoF $RESLAITH RIS FRSERR YL PSR Giflo hgfptener AN

... .. exceeds 100 mA; the -control circuit- 8¢N3Rkgds eRs: chad B iartye
secondary battery is able to be controlled nofe Satisfactorily. Wien4

i s desi gpadteeybss| usigest wWdth ﬂdlqw@hts@g@d,baﬁﬂdaDIloﬁiﬁlele&ﬁ%ﬂ‘ﬂ@ N ptegnt i al
(that is, OV) without designating the battery voltage at the tinme of

full -chasgéltbo ¢betshamdarIf iit tjudgesayhaitt the phasgbhg dwrréme oMol
circuit 87 to judge the battery voltage by directly judging the detection
data of mAeovolowge, debhectéomrrali duicuids jaddeputpatnthe ofecdreddgt t ery
voltage can be carried out with a sinple configuration, but in this case,
as descrbpttespode, 15 tin stheydysllpichargesstate ¢offnearhy fukk-dhangeadhe

restart of chargiqg to the return tg the full charge, and deterioration of
t he state), "and the control circuit 87 changes over the output

voltage of the constant-voltage circuit 84 to 4.0V (Step S314).

With this 4.0V constant voltage applied to the secondary
battery 85, the then charging current is detected with the
current detection circuit 89 (Step S315). And the control
circuit 87 judges whether or not the detected charging current
is 30A or higher (Step S316). If the detected charging current
is not 30 mA or higher, supply of 4.0V constant voltage at step
314 is carried out continuously while detection of the charging
current at Step S315 is repeatedly carried out.

If the charging current is judged to be 30 mA or higher,
the timer circuit in the control circuit 87 is operated (Step

S317). It is judged whether a predetermined time n; has passed
since this timer is operated (Step 318). For this time n,, for

example, 30 minutes may be adopted.
When the control circuit 87 judges the passage of time

n; (that is, judgment that time n; has passed since the charging

current attains 30 mA or higher), processing returns to Step

S$311 and charging operation is begun. To describe the charging
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battery caused by the continuation of the full-charged condition of the
secondary battery can be effecticvely, pvevenred In the processing of the
ninth enbodinment, it is deSIQhed.to.éaﬁﬁ «dwi j udgment at the restart of
charging by the detection of-the’ battery voltage, but it nay be designed
to carry out the judgnent at the restart of charging by detection of the
charging current. The flow chart of FIG 32 shows charging processing in
this event, which w be now des scrd n detail, First of all, charging

oper at i oRPPE2 Eé?Pl%B Bﬁ%sbﬁggﬁ' ‘ﬁé”b& rSPHBFOEh% cBRe repnts it 87
Cor toi o Cakpait 87 Sop S0 0t S fPRsHREN 10T sk aR o e iE p B Aitanad
and CO“%@PE ¥8| &a‘g@ Q?(?%cﬂgsé LYJ18e togh%ggﬂgﬁf%oggr{*féé o&@%ﬁch

the control cifcuit 8 | ows curre

. this 4.2V.--And -processing after Stepl 584t ;89 é d
charglng current (Step é%lZ) (? j udges mﬁether %her etect&%&(%ardfhg
current pgtl100 mA or |ower or not (Step S313). In this event, if the
charging current exceeds 100 mA, the control circuit 87 judges that the

secondary battery Rayilksenddsigied Wd WtopacpatdgiagdwhbhodsSssdei sy at Step
S311 to continue. If it judges that the charging current is 100 mA or

| ower, thémeoffonlexamplet J udges) tpeatseshafsecoblargyhabaingrouBerts in the
full-charge state (or nearly full-charged state), and the control circuit

87 changeersespordengututhe visiltlaghagiget he dehsthad-aolStege SITTUit 84 to

4.0V (Step S314). Wth this 4. 0OV constant voltage applied to the secondary
Now, referring to FIG. 33, the charging processing

condition in this example shown in the flow chart of FIG. 32 is

described. FIG. 33 shows changes of the battery voltage Vi3; and

the charging current I, and the execution of charging causes the

battery voltage V3 to approach to the voltage V;; at the time of

full-charge, but as the voltage approaches to the full-charge,

the charging current I gradually decreases. At timing T,; when
the charging current I attains 100 mA (I;), charging voltage V,

from the constant voltage circuit 84 is changed over to 4.0V

(Vi2). If the battery voltage is 4.0V or over with this 4.0V

charging voltage supplied, the charging current scarcely flows.

When the battery voltage Vi3; lowers to 4.0V, the charging

current that is detectable is generated, and when the charging

current becomes 30 mA (I;) or higher (timing T,,), the timer
circuit in the control circuit 87 operates. At timing T,; when
time n; (for example, 30 minutes) passes from the start of the

operation of the timer circuit, output voltage of the constant

voltage circuit 84 is returned to 4.2V, and charging to the
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battery 85, the then charging current is detected with the current
detection circuit 89 (Step SBiS?"AMd Theltdntrol circuit 87 j udges

whet her or not the detected chargbng currenr'rs 30A or higher (Step S316).
If the detected charging currentss i At 30 nhA or hi gher, supply of 4.0V
constant voltage at step 314 is carried out continuously while detection
of the charging current at Step S315 is repeatedly carried out. If the

h d be .30 mA i gh the t t th

cont rol “EPPERRRTroRtShE, %%%?@%4 & e %sﬁissvpaﬁagé”ﬁ%e%%%‘éte',” )
det 1 h 318).

For  Chi sapi ngh%lge%g?rYZis &F0om Uit 626) BB RHoRRBEC Thviee T cont 1 ol

circuit §§ ol HH9gs 9ssage of time nl (that is, judgnment that time nl
has passed since t arging current attains 30 mA or higher), processing

t to St 3 h be th
et e oos P B BY éﬁai‘@j%& B Ok gk QRS 2111 1a BBIKHe LQsdeseri be the

. detectQﬁQr@ﬁé %ﬂaéé"ﬁl tﬁr{ae,nlbﬁ%e@m%d&ﬁén@@éé@h@éd taﬂf‘o\%)nt rol
CIFCUIt 87, output of the constant voltage circuit 84 is changed over to

4.2V, anqianﬁﬁéaaimaod;fqg@o@éwmgwgay theafbedchEttWo hF1d Di 30 ¥, 2MmiAd
processing after Step S311 is repeatedly carried out. It may be desi ghed

to stop cbar gesgamhing aclsqueging e favorapillgr sexanphd, ddtdoivlatpbssess aft er
the charging current corresponding to the full charge is detected at Step
S313. characteristics of the secondary battery (lithium ion battery)
caused by the continuation of the condition close to the
full-charged condition can be prevented.
Now, the 10th embodiment of this invention is described.
In this 10th embodiment, charging is carried out by the charginé
equipment of the configuration shown in FIG. 29 described in the
ninth embodiment described above, and the charging is controlled
by the control circuit 87 in accordance with the flow chart of
FIG. 34. The processing is described hereinafter. First of
all, charging operation is carried out based on the control of
the control circuit 87 (Step S321). 1In this event, with the
secondary battery 85 charged to a certain extent, 4.2V is
outputted from thé constant voltage circuit 84 and constant
voltage charging is carried out. And during this charging, the
control circuit 87 allows the current detection circuit 89 to
detect the charging current (Step S322), and judges whether the
detected charging current is 100 mA or lower or not (Step S$323).
In this event, if the charging current exceeds 100 mA, the

control circuit 87 judges that the secondary battery 85 is not

yet fully charged, and allows charging at Step $321 to continue.
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Now, referring to FIG 33, the charging processing condition in this

exanmpl e shown in the flow chart-eof.*Fl52°32 its, described. FIG 33 shows
changes of the battery voIt%gq.yBgzahH":the°cﬁarging current |, and the
execution of charging causes*the* battery*voltage V31 to approach to the
voltage V11 at the tinme of full-charge, but as the voltage approaches to
the full-charge, the charging current | gradually decreases. At timng T21
when the chargbag@current attains 100 mA (11), .charging voltage Vo from

I
the constintty g thatukhe ﬁpq%gﬂﬂaﬁé’é& ASt 08, By of\AQyer | fthee
b I is_ 4.0V er, Wt h:this 4. Ok i | t l'i ed,
the. char SPRG00r FoRC St at SR 1S, HS BT e ¥aPRE g0l £ et VBT Tbuer s
to 4.0V, j t to i lse .l d wh
L0, shAS ERBEG GeafU (8P ndoly | 0eLRALANES LA LAF N A e 200 When
circuit Bnkhe1CONFERLLCET Cibhe &1LREY 3y thib blfbig VP e £ L Nl
(for exanple, 30 mnutes) passes fromthe’'start of "the operation of the

timer cibeHbtan@Udutaye!daaen df dhORYPA chuebiage (SteésUs32 8/, | st
returned to 4.2V, and charging to the 104 ,

secondar japabéedys 8gndy tdistdp Dhahping wievoht agecisieqst and edror and the
battery is charged until the charging current beconmes 100 mA or |ower. By
char gi ngekamphes Walyous) npdssed mfiter came chhrgdagectirngnt heovds@mariiny t he
ni nt h enbodi nent descri bed above (at the tine of processing by the flow
chart of tpl €he3fhllt¢hange ¥vrdatesttad.i ng charging is favorably set, and
deterioration of
At the same time as the charging is stopped, the timer
circuit in the control circuit 87 is operated (Step S325). It

is judged whether a predetermined time n, (for example, 30

minutes) has passed since this timer is operated or not (Step

S326). When this time n, passes, the control circuit 87

controls to output the 4.2V charging voltage from the constant
voltage circuit 84 and restarts charging operation temporarily
(Step S327). And the charging current at this time is allowed
to be detected by the current detection circuit 89 (Step S328).
And with the control circuit 87, it is judged whether the
bcharging current detected in this event is 200 mA or higher or
not (Step S329). If the charging current is not 200 mA or
higher, processing returns to stop S324 to stop the output
voltage of the constant voltage circuit 84, and charging is
stopped. Then, the timer circuit is started at Step S$325 and

every time the time n, passes from the start, charging operation

and detection of the then charging current are repeated by
carried out.

When the charging current is judged to be 200 mA or
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characteristics of the secondary battery (lithiumion battery) caused by
the continuation of the condrtjon; crose Lt tthe full-charged condition can
be prevented. Now, the 10th enbodthehf ok’ Qhrs invention is described. In
this 10t h enbodi nent, charglng Jes” Car rited*out* by the charging equipnent of
t he configuration shown in FIG 29 described in the ninth embodi nent
descri bed above and the charging is controlled by the control circuit 87

i n accor %% chart of. FIG. 34. roc § i s described
her ei naf é9 eﬁl?gts%?p cﬁﬁﬁ%ﬁ%ﬁfQﬂnﬁe GBS | §£?Pl§g t %ised on the
control 8harhifacegLEghisli il A7 (Shen o ge,tat @fggs%%%wth the

secondary arged 0 a cer ent utted from

t he constant vol h%gg Eﬁt&t‘kinéﬁﬁ%éo% aq__the %(ﬂl ?ggg E?{)gggg%ﬁi carried

out. And during t gl ng, contT’ol " Ci rcui current

det ecti opogpihe4dbh 89 tRis d&taﬁ% 14 NehShag 'Eﬂele'iB%nEhégzle Sﬁ@) 380

j udges whether the detected arging current is | ower or not

(Step S3d8kcribadlhisrevers sthdwd thaaldsgioFg taer baetes €6ﬂ§a G7jPang he
control circuit 87 judges that the secondary battery 8 is not vyet fully

f?arged ﬁedcﬁhkgmﬁﬂSG §hﬂptﬁézéhagggﬁ£FO ent 0P, ?ﬁh d Nne

it ju ges t ng ‘current is 1 ower contr ol
circuit judges.that .t secondar at i charge state
Cor Choar EFE ?a?toehafg%ag%t%fa%%s tne beinerd vBLFate Vay tooApPEpech
stop the outgut vol tage of the

the voltage Vi; at the time of full-charge, but as the

voltage approaches to the full-charge, the charging current I

gradually decreases. At timing T;; when the charging current I
attains 100 mA (I;), the supply of 4.2V charging voltage V, from

the constant voltage circuit 84 is stopped.
At the same time as this charging stops, the timer

circuit in the control circuit 87 operates and at timing Tsi,
when time n, (for example, 30 minutes) passes from the start of

the operation of the timer circuit, 4.2V output voltage from the
constant voltage circuit 84 is temporarily restarted. And the
charging current I in this event is detected. And whether the
charging current I is 200 mA (I3) or higher or not is judged,
but if it is 200 mA or lower, the supply of the charging voltage

Vo is stopped, and waits until the next time n, by the timer
circuit passes (timing Ti3).

And while repeating detection of temporary charging

current every time this time n, passes, the secondary battery 85

is no longer in the full-charged state due to self-discharge,

etc., and when a specified charging remainder is attained,
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constant voltage circuit 84 and stops charging (Step S324). It may be
designed to stop chargi ng whem, e*specifiet tiine (for exanple, 1 hour)
passes after the charging cu&r?nf:?oﬁfﬁqﬁﬁhdbhg to the full charge is
detected. At the sane time as-the’ ctrartfing is*stopped, the timer circuit
in the control circuit 87 is operated (Step S325). It is judged whether a
predeterm ned tine n2 (for exanple, 30 m nutes) has passed since this tiner

is opera E.pnot (Ste i n.this tinme n2 passes, the contro
circuit ﬁsg’fg%ﬂ r%?ér?%tpoouf%@ theYW&Q\PEh%Jr%]i’% Jvst)Icfl’:"atgeé:tferdoI"?‘ltt Re 2¥onst ant
voltage cjrcuit 84 and restarts charging operation tenmporarily (Step
S327). ARBREHINGNEPHFRER cUF Mg Jba ) hiand ighagging Iocf\/\gge secpadaryect ed by
the current detection circuit 89 (Step S328). And with the control circuit
87, it ibartdged8hhbs eartied ahardi 4g2¥ucoestadet ecleagén tArid avent is
200 mA or higher or not (Step S329). If the charging current is not 200 mA
or hi gh®imipgokes¥hRg EBEUFRIrgbNG @IS It destomest R@OomAp(T;) vy t age of
the constant voltage circuit 84, and charging is stopped. Then, the tinmer
circuit thistehaegim, Stlep BG3Aerands gudgpdt toEbE hentine N PRERAYY om t he
start, charging operation and detection of the then charging current are

r epeat edsbytecaand echewgupplewft He 2¥hehgrggnguvokrbige svy fdgadthe be 200 mA
or 106 S hi gher at Step S329, processing returns to Step
S321, andonsbangi vgl tayadiieyat 3 ﬁglbt@ﬁpéggd state is restarted. Now,

referring to FIG 35, the charging processing condition in this exanple
shown in the fl oByctisatgidig HlrfcGthi4 way, after charging is stopped once
the battery becomes the full-charged state (or nearly

full-charge), unless at least a specified time n, (for example,

30 minutes) passes, charging is not restarted, and moreover,
charging is not restarted if the battery charging remainder is
detected to be a nearly full-charge state by the detection of

charging current every specified time n,, and therefore,

charging is not restarted unless the battery charging remainder
decreases to a certain'level, thereby preventing deterioration
of the characteristics of thé secondary battery (lithium ion
battery) caused by the continuation of the nearly full-charge
state.

In the processing shown in the flow chart of FIG. 34, it
is designed to supply only 4.2V, the battery voltage at the time
of full-charge of the secondary battery 85, as the output of the
constant voltage circuit 84, but it may be allowed to use still
lower charging voltage when temporary charging current is
detected. The flow chart of FIG. 36 shows the processing when

the charging voltage is varied in the case of the tenth
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described. FIG 35 shows changes of the battery voltage V31 and the
chargi ng voltage VO and thee qhafgrngrcur?ent |, and the execution of
chargi ng causes the battery.vdltaﬂ? V?i io-anproach to the voltage V11 at
the time of full-charge, but'-es-sthe* voltage ‘appr oaches to the full-charge,
the charging current | gradually decreases. At timng T31 when the
charging current | attains 100 mA (11), the supply of 4.2V charging
voltage Vo.from the constant voltage circuit 84 is stopped. At the sane
time as EMPSIREPH ng stops, the timer circuit in the control circuit 87

fromthe start of "o REodReralore T b Bifg f—r-4 s S e
fromthe.,g0 ihgn{spgfggﬁgﬁ g fle%‘ldusc @%gea g]' gﬁe %fd wethe

char gi ng cur 'S eve I'S detec chargi ng

current th%r%@ocﬂ?b&i§)8@r SLghes3Nr) notryl pnliudggdne bHit fead Ts 200 mA

or lower, the supply of the char gi ng voltage Vo i's sfopped, and waits

unti | thgea@naa&ynsaeeeiay ghecRdrRdd O laCelrtRansestéht N Pep¥3R) And whil e
repeating detection of tenporary charging current every time this tinme n2

passes, bhepseteddarymbehé etynBoant ydlaagengercuitt Be dndil coheegead state
due to self-discharge, etc., and when a specified charging remainder is
att ai nedyvol®dge. charging.is carriai oud.* 0@nd0dohangi thisuchanging, 20 mA
(13) or higher is detected at 4.2V charging voltage (Timng T34), and

char gi ngcentrrd cirewndbr§’ dbiews 185 qugreatr detieghiont Cirowi e i tamt
voltage. And at Timng T35 when the char current | becones 100 nmA (I1)
by thi sdekgrFsi hBe ?h@rwg SYETeNY HKrep 363 ¢ i Angd hgudges -whrlhriy the

detected charging current is 100 mA or lower or not (Step S333).
In this event, if the charging current exceeds 100 mA, the
control circuit 87 judges that the secondary battery 85 is not
yet fully charged, and allows charging at Step S$331 to continue.
If it judges that the charging current is 100 mA or lower, the
control circuit judges that the secondary battery 85 is in the
full-charge state (or nearly full-charged state), and the
control circuit 87 controls to stop the output voltage of the
constant voltage circuit 84 and stops charging (Step S334). It
may be designed to stop charging when a specified time (for
example, 1 hour) passes after the charging current corresponding
to the full charge is detected.

At the same time as the charging is stopped, the timer
circuit in the control circuit 87 is operated (Step S335). It

is judged whether a predetermined time n, (for example, 30

minutes) has passed since this timer is operated or not (Step

S336). When this time n, passes, the control circuit 87

controls to output the 4.0V charging voltage from the constant
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state, and the supply of 4.2V charging voltage Vo fromthe constant
voltage circuit 84 is stoppqﬁr;By:cﬁa:qrng isn, this way, after charging is
stopped once the battery bioppS:§h§'TuE <chgrged state (or nearly
full-charge), unless at |east+a *speci fted*tint n2 (for exanple, 30

m nut es) passes, charging is not restarted, and noreover, charging is not
restarted if the battery charging remainder is detected to be a nearly

full-char state by the detection of charging current every specified
time n2, Vgﬁawﬁe%f-%%‘? 8%k%1‘i‘<bi’??gs‘ia§tﬁof3hraégtl§ t SBCHAT EQR PR TNy

. S tai » b ti
Goreli oo BERR' 843%) £F° lif%i&é\”ﬁ%%i{%%‘ VR %éﬁsmé&??e%% raring b o i on

' ' - tate. In
Phe. or oLcBESRE QK LA%e SO MO Ouiila LIS pRRAELLcLEL 57 Do S dle

suppl y ogb¥edt2¥n EDEcht (€8 Y MQUD 29863t t AR 4, TBn Q}flefﬁrllffcg@_rcglercq{cié he

secondary battery 85, as the output of ‘the constant voltage circuit 84,

but it mgy, betalboyedgt wsetisds lthe lcRWRGiaBaEAEPENY Old B8 d ey, tgiRor ary
charging current is detected. The flow chart of FIG 36 shows the

processi agenhells BOemzher ghighedldragRt §seapi d3bn. t her case &faﬁ%@gj ent h
108 ., .e.. . ... .. . Lo . .. .. .. ... .. . 600 enpod nent.
The processregti $sdestr3®eoh her diivgidrer préeesting séturnshes gitup @ay4at i on
is carried out based on the control of the control circuit 87 (Step S331).
In this &tvedtopwihé oleput voltage of the constant voltage circuit 84,

and charging by the supply of the 4.0V charging voltage is

stopped. Then, the timer circuit is started at Step S335 and

every time the time n, passes from the start, charging operation

and detection of the then charging current are repeated.

When the charging current is judged to be 30 mA or
higher at Step S339, processing returns to Step S331, 4.2V is
outputted from the constant voltage circuit 84 to carry out
constant voltage charging, and charging to achieve the
full-charged state is restarted.

In this way, when the battery state is detected, by
bringing the charging voltage to 4.0V lower than 4.2V, the
battery voltage at the time of full-charge of the secondary
battery 85, it is possible to detect the battery state by
applying low voltage, and the battery state (charging remainder)
is accurately detected with the burden to the secondary battery
reduced, and deterioration of the battery can also be prevented
from this point.

Now, referring to the flow chart of FIG. 37, the case in

which charging processing based on the 10th embodiment is
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secondary battery 85 charged to a certain extent, 4.2V is outputted from
the constant voltage circuitJSA“and"chSQQhﬁ ,voltage charging is carried
out. And during this chargidp,sgﬁgi éontcoh‘chcuit 87 allows the current
detection circuit 89 to deteet *the**ch&rg’hg turrent (Step S332), and

j udges whether the detected charging current is 100 mA or | ower or not
(Step S333). In this event, if the charging current exceeds 100 mA the

trol circuit 87 judges thar th dary battery 85 is not yet full
char ged, CERELER SHE RRAIGHHG S0 Qo 830 FET¥oRPL HHES 111 K° | uliges that
th h j C t 15,10 t | it jud t hat
ho socoliary HRRr orbLEet R (i {n el chP?cEQ?aé?é‘{fa{?ée%‘lsrf#r'éa'?%%r%esané‘a
ful'l - chagggd 3 t Ll t t e
out put ol Eagaror 1 kS e (R Perfelf ke AR LA P @ IS (siep

S334). |lbe BRYpRELEESEEARGRS it aeRALBLRAg¥NENréu SPeFA fEeddd P diftor
exanpl e, 1 hour) passes after the charging Current corresponding to the

full chatgfstantleveTtege AMartdihFamrep BB4aY.t henghaiging diist opped, the
timer circuit in the control circuit 87 is operated (Step S335). It 1is

j udged whkaheing, ptlesletet i sled iiow thB7( fjadges anpeehe B0t e it drhas passed
since this timer is operated or not (Step S336). Wen this tine n2 passes,
t he cont follygi charged7(oxomeanly fiud lguchatrgee dr QvotcheStgepmeE 34 t.agahier om
the constant 109 .. . . ... . . . . . . be go 00 *so 00
vol t age €ntéurhasgednern@stion sischadgedy &peraxaople enpiorirdding

whether the current lowers to the charging current corresponding

to full charge or not based on the detection data of the current

detection circuit 89. If it is judged that the battery is fully

charged, the output of 4.2V from the constant voltage circuit 84

is stopped by the control of the control circuit 87 and charging

is stopped (Step S343). It may be allowed to stop charging when

a specified time (for example, 1 hour) passes from the time when

the current or voltage corresponding to full charge is detected.

At the same time as the charging is stopped, the timer

circuit in the control circuit 87 is operated (Step S344). It

is judged whether a predetermined time n, (for example, 30

minutes) has passed since this timer is operated or not (Step

S345). When this time n, passes, the control circuit 87

controls to detect the battery voltage of the secondary battery
85 by the voltage detection circuit 86 (Step $S346). And it is
judged whether the battery voltage in this event is 4.0V or
lower or not (Step S347).

If the control circuit 87 judges that the battery

voltage is not 4.0V or lower, it judges that the battery is
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(Step S337) by this 4.0V charging voltage. And the charging current at
this time is allowed to be dgrerted R T’hE: dqurrent detection circuit 89

(Step S338). And with the cofnt%pl’;éi BCulste FPee it is j udged whet her the
chargi ng current detected inerhise wvemt S 30 mA or hi gher or not (Step
S339). If the charging current is not 30 mA or higher, processing returns
to Step S334 to stop the output voltage of the constant voltage circuit

, d ch . h I f. the 4.0V ch i I i t d.
Then, "t hEEt ot Rer Rt Pear IY SRl parbastsn tassa ina i b ERS ERHESY he L\ e n2
Pharg: noreanraneEPE oofolt M R BHS Rt terd Pal Bage afrthS {HiRetF to be 30

hi N t 4. i-S:
out put t o5 REGER, (SHEB, £758) - DR AL AL CRcbEnT PRy 1€ Sl ea
vol tage ¢hardiRd: caRGeahe Shithdd AChiigvRikheo EHb! sgséﬁagﬁyss@é%ﬁ 85

restarted. In this way, when the battery state is detected,” by gl ng

[
the char ghm? yort8ge tomd. 2oV 1y Rt 4n2¥net Bentbalt €ivcy ol tegeatid he
time of full-charge of the secondary battery 85, it is possible to detect

t he batt ediyestat eohyarappbyiyngHor wieade, pabgorbeohatd etlye Spakexr (char gi ng
remai nder) is accurately detected with the burden to the secondary battery
reduced, sapglgetensomedi an tdie tvrd teaie eleyecanoal sbrbeipr@eemt eskeg romthi s
point. Now, referring to the flow chart of FIG 37, the case in which
char gi ngSgR6¢essndgthashkaterry Hes Thargedbodilyean ascatdanee with how . ..
" 'much the energy is discharged by the detection of the battery

state. Or, the battery may be charged slightly more than that.

At the same time as charging at Step S348 stops, processing

returns to Step S344 to operate the timer circuit and the

battery voltage is repeatedly detected every time the time n,

passes.

When 4.0V or lower is detected by the detection of the
battery voltage at Step S357, it is judged that the secondary
battery 85 has a chérging remainder of a chargeable level, and
processing returns to Step S341 to output 4.2V from the constant
voltage circuit 84, and constant voltage charging is restarted.

Because charging processing is carried out in this way,
similar to the processing shown in the flow chart of FIG. 34, it
is possible to extend the time before charging is restarted

longer than at least the specified time n, (for example, 30

minutes), the secondary battery charging condition is able to be
properly maintained, and deterioration of the characteristics of
the secondary battery can be effectively prevented.

In the processing shown in flow chart of FIG. 37, for
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.. .. IS... .+ carried out by detection of the battery voltage wll be
described. First of all, when the .eharging. operation begins and the
battery is charged to a certain externt,: 4245 :allowed to be outputted

s e

fromthe constant voltage circuid® 84 %o° catty*out constant voltage
charging (Step S341). And during this charging, the control circuit 87
judges whether the battery is fully charged (or nearly fully charged) or

gt ﬁ;egﬁﬁéﬁﬁépnfﬁﬁosé%‘%%%?? it e g e e S%W‘S@Sﬂﬁiytng
ta. A ectl on
cireuit 802 poEpuPEha R0 b CRARETNARBE' BiPkyteCRET R0 4 hﬂﬂeeou} pu
e Bat Ut y o :
Che cont Vol BPPCE L RIoate Crar g 47 St Sh1chtecREREiatue i 101 ©

al | owed ©@igt 2020haRg! PR VWSPe By SRAGIJL kbR ell By £K8™PbPrade hoUr)
passes fromthe tinme when the current or voltage corresponding to ful

charge i getletedbadeiftuibessai® fiddedsn hbeChangirBy tsretopped. thwiti mer
circuit in the control circuit 87 is operated (Step S344). It is judged
whet her whptadet ehai nelitagesd nPf dxfarncee xameledls 802Vnbpuhes) ivasudgsdegb si nce
this timer is operated or not (Step S345). Wien this tine n2 passes, the
control cRrryi bu7preocessvhe te® jwlge wheltderabirenptvohe aget oéry heolsesendary
battery 85 by the voltage detection circuit 86 (Step S346). And it is

j udged wA&t RePVtAE baveery voltage in this event is 4.0V or |ower or not
(Step S347). If the control circuit 87 judges that the battery voltage is
not 4.0V or | owePT /i £OF uaReEhehfONRAr QR drpcessingiof the vobgage,

based on the grounding potential (that is, 0V) as a standard,
4.0V may be set to the control circuit 87 as the standard
voltage. And the battery voltage detected by the voltage
detection circuit 86 may be compared to this standard voltage
(4.0V), and processing for judging whether or not the battery
voltage attains the standard voltage or lower may be carried
out.

Now the 11th embodiment of this invention will be
described. 1In the case of the 11lth embodiment as well, charging
is carried out by the charging equipment of the configuration
shown in FIG. 29 described in the 9th embodiment, and charging
is controlled by the control circuit 87 in accordance with the
flow chart of FIG. 38. In the case of the 11th embodiment, the
control to start recharging after waiting for the specified time

n; described in the 9th embodiment is combined with the control
to detect the battery condition every specified time n, after

stopping charging described in the 10th embodiment.

The processing is described hereinafter. First of all,
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as a :09. 00 660 be still in the nearly full-charge state, and only the
energy required for detection ef l.he bati.ery. woltage at the tine is
charged (Step S348). That is, 4.2N’ehhrbiﬂg§vqﬁggge is supplied fromthe
constant voltage 84 circuit to ‘the'.setqhdary.batsery 85 only for the tine
previously set in the control circuit 87 (this tinme is conparatively short
time in proportion to the power supply consuned at the voltage detection

circuit 8% at_steg S346), and the battery is charggd only in accordance
wi th howCPAEGRANENBPBRREYY i £5 FUTHAGN DHP3SRE 9Bt EBE) GANBFOL Rt plt® ery

tate. O he.batt h I i.gh han. t. At th

e as EREFGORo ST ERY bR Lol & BTN o iRt S Ery ne it e, saua to
t i i i t |t i d det ect ed

cvery ti SatontdEy BhLEuty EOAdRe Y Y bt A0 ent PR LY The”t ©

det ect i oBuRpbutRBa BRbMCENe VO A BlvoI @RS Foulit BR £40g8H L &t t he

secondary attery 85 has a charging remai nder of a chargeabl®e |evel, and

processi @gneehutNGol faGbebhdfing 0 AHPWHurdndVhignthhegengstamd vol tage
circuit 84, and constant voltage charging is restarted. BeCause charging

pr ocessi egnitgotachiredioud7 i Al Idws BRY curdiciit! detbottiba PLiPEESEI 9 &hown in
the flow chart of FIG 34, it is possible to extend the tine before

char gi ngdesereésthet ebdar§omgerutteart giStepasBsehe apdcijtdedstwinetingr (fag
exanple, 30 mnutes), the secondary battery charging condition is able to
be propdekpcheainchéanegtng e chnterisorlMi oA off Lhwerharasoer (StepsS3F3) ¢ he
secondary battery can be effectively prevented. In the 8rocessing shown in
fl ow chaf® §p15|€yegvf iprthe charging current exceeds 100 mA, the

control circuit 87 judges that the secondary battery 85 is not
yet fully charged, and allows charging at Step $351 to continue.
If it judges that the charging current is 100 mA or lower, the
control circuit judges that the secondary battery 85 is in the
full-charge state (or nearly full-charged state), and the
control circuit 87 controls to stop the output voltage of the
constant voltage circuit 84 and stops charging (Step S354). It
may be designed to stop charging when a specified time (for
example, 1 hour) passes after the charging current corresponding
to the full charge is detected.

At the same time as the charging is stopped, the timer
circuit in the control circuit 87 is operated (Step S355). It

is judged whether a predetermined time n, (for example, 30

minutes) has passed since this timer is operated or not (Step

S356). When this time n, passes, the control circuit 87

controls to output the 4.2V charging voltage from the constant
voltage circuit 84 and restarts charging operation temporarily

(Step S357). And then charging current is allowed to be
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e O 0

detection processing of the bhatt.esy.vol-bage at Step S346, with 4.2V
outputted fromthe constant volit gge.qireurfs84:3et as the voltage serving
as a standard, the voltage differf'énce.betmbtin® tthis 4.2V and the battery
vol t age detected by the voltage detection circuit 86 is judged in the
control circuit 87. And whether the voltage difference exceeds 0.2V or not

is j i j whet h he b
vol t age dptested BY Fhe éfr‘é?r?tskﬁergce%‘%ép‘éﬁl ?esES%r ?éoﬁéﬁé‘n?i%égaehga%n%{ ﬁ

. i i (t i t andar d,
1 ov ey e Ele ol BRRal L A 47 dbo0fh wberet d&%i;‘qriagrea%d the
o . e g A
conpar sc e Ehf SELEELER Y S Weris, 900h 98 SLEREL o8 B sy
whet her 85599t the R L& gMRYy (RGS At %nﬁokhﬁoétlﬁﬂd@f%yﬂ%ﬁp& or | over

may be carried out. Now the Ilth enbodi nent of this Inven be

descri be robés§bﬁg¢ﬁ§@ufﬁstﬂBESEHﬂWS@Bﬁodbﬁgﬁbpaﬁhﬁﬁ$ﬁtp@@aﬁ&ﬂﬁﬁq§'d% carried
out by the charging equi pnent of the configuration shown in FI 29
descri bedhéncohet &b wobesjarenircudnd sahaaginghar§ingnis addsshbdy. t hgesont rol
circuit 87 in accordance with the flow chart of FIG 38. In the case of
t he 11t htbebbilneentir¢uet atorfitreg St365stiar staetbdrandgewdtert i tiheg for the
specified tine nl described in the 9th enbodi nent is conbined with the
control timedes qussdse fyom dhy sbadtt i oharyny opgeew tficed andrden2cafiber
st oppi ng charging described in the 10th enbodi nent.

of the then charging current are repeated by carried out.

When the charging current is judged to be 200 mA or
higher at Step S359, the timer circuit in the control circuit 87
is operated again (Step S$360). And judgment is made on whether

the predetermined time n; has passed or not after the timer is
operated at this Step S360. For this time n;, for example, 30

minutes are designated.
When the control circuit 87 judges the passage of time

n; (that is, judgment that time n; has passed since the charging

current attains 200 mA or higher), processing returns to Step
S351 to start charging operation. For the charging operation in
this event, based on the control of the control circuit 87, the
output of the constant voltage circuit 84 is changed over to
4.2V to carry out constant voltage charging by this 4.2v. And
processing after Step S351 on is repeatedly carried out.
Because charging processing is carried out in this way,

- the detection processing of this secondary battery state after
charging to the secondary battery is stopped is carried out

every time the time n, passes by the timer circuit, and control
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The processing is described hereinafter. First of all, 113 ..

.. ... .. . charging operationti g ceryriedepis. based on the control of the
control circuit 87 (Step S351) ’.d'f.t'Hi.s” avehts; Mith the secondary battery
85 charged to a certain extent, 4.2V is outputted fromthe constant
voltage circuit 84 to carry out constant voltage charging. And during this

charging, the con | circuit 87 allo the current_ detection circuit 89
Co " et OEPTt HECERBLY PR TREA T e Sespna35Y) DAGRALY BELT Whe1 TR 4 s

ro
B
det ect ed .char gi current is_ 100 or .lower or.not (Step S353). ..In this
cvent. O FAPRESRNY, SREESR 4 Snd BeCins0hSha tifle) RShEReS R it ey

j udges t e.Se r i 0 f d_al | ows
Lharg no) aokfich? S5 P be el ety (inBOh, Mde |l HatRbA Il | one
is 100 mA or.lQqwer, the control circuit juydges that the, secondary battery
85 i's i nPRRLPAGF| 15 HH e GHAF FEAD e SPPSLEAPP - cRSFRRET ARG &S Jesi@nark
control ¢ir uitt87tc§ntécgs tow§lo t.he out put vohgaqf of t const ant

vol tage ¢PrcGi ¥ 84°Ghd 5t Shs"h rdPsPepPE3ay LY M3, Afe thesitdMEd t o
stop chargi ng when a specified time (for exanple, 1 hour) passes after the
char gi ngCéGfReht e rRRPIRARRfOL thive SEGPRdaRY Batteryicketders tR thee same
circuit in the control circuit

time as the_charging is stopped, the tiner

87 is op@\‘i%éﬂﬁﬁggﬁg %@.lﬁptaqﬂies tj%&i’&eﬁoﬁﬁ*é?ﬁ*é?yas?ﬁ%%@%tﬂﬁﬂé’d time n2

(for exaRh fea el I EReAN LA Heh! A8kl Sn' LB LSy OPRIR ADPT Ot
this point, as well, control for properly maintaining the
secondary battery charging condition is carried out.

In this 11th embodiment, the charging voltage at the
time of temporary charging after charging stops is designed to
be 4.2V, same as that at the time of regular charging, but the
charging voltage at the time of temporary charging may be
designated to low voltages, such a 4.0V or the like. By doing
so, it is possible to reduce burdens applied to the secondary
battery when the battery condition is detected.

In place of detecting the secondary battery condition by
the current value, it may be allowed to detect the secondary
battery condition with the battery voltage. 1In the case of
detecting this battery voltage, when the battery voltage is
detected under the charging stopping state, the energy
discharged from the secondary battery for the detection may be
charged.

Now, referring to FIG. 39 to FIG. 41, the 12th

embodiment of this invention will be described.

FIG. 39 is a block diagram showing the configuration of
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S356). When this tinme n2 passes, the control circuit 87 controls to out put
the 4.2V charging voltage fromthe.constant ..voltage circuit 84 and
restarts charging operation tenpqrar)dy:*+¢Step:S357). And then charging

L] L]

current is allowed to be 114 . "o’ ee® %eeteee tae 0. . . . ...
.. IS ... .. . detected by the current detection circuit 89 (Step S358).
And wth the control circuit 87, it is judged whether the charging

t t d i.n this. t i 00 mA hi gher or_not (Ste S359). |If
Che' char §TRgcharpehs’ PASIETSBbAEATHS IApTare -oPGeEesPAgPPUEE: SuPRLY Db

S354 t . . he const an age circuit_84, and
chargigg%%ggééggpgg&&$%eﬁs%ﬁéﬁgé%iﬁ%%ngfghﬁPpgﬁygﬁbg g@5%|¥%é£&§&%%d and

ti i t . C A e ion and
Goteot| 00 7ERSE, 10ZrcBRppRsERS 4 EBIIDrAe coThRLULAE BECHAILED BN
th har gi rre | Bhi 0 ; ryat . . he
A R B R R DR e o L
j udgnent costradecopcuhiet hes, AMe 4 adr! @riinReY Eife B8énbaS1PessAadi©r not

after the tinmer is operated at this Step S360. For this tinme nl, for

exanpl e, 18G. mAngpesifiieddesocess bty iMhemritiedceatr oh €héCpiimddy jdidges the
passage of tinme nl (that is, judgnent that tinme nl has passed since the
char gi ngcontirpénciacuatns020dndntloen ugipdriled pooaepsimgryes ide svimdiSiep
S351 to start charging operation. For the charging operation in this
event, bafdd ofi ahewsbphiny fandorman rld4 .ci Aodi 8t8&, s¢bendawy midef the
constant voltage circuit 84 is changed over to 4.2V to carry out constant
vol t age yﬁagggnéogp ?hKi &hg swatghing transformer 104, DC low-voltage

power supply converted to a specified low voltage is obtained.
To the primary-side control circuit 103, a control signal is
supplied from a voltage detection circuit 111 or 112 on the
secondary side later described via a photocoupler 113, and the
output voltage is controlled in accord with this control signal.
This primary side control circuit is configured with integrated
circuits.

One end of the secondary winding 104b of this switching
transformer 104 is connected to the anode of a switching diode
105, and the cathode of this diode 105 and the other end of the
secondary winding 104b are connected by a switching capacitor
106 to provide a DC low;voltage power supply of a specified
voltage.

The anode of the diode 105 from which the low-voltage DC
power supply is obtained is connected to one end of a connecting
switch SW1l and the other end of the connecting switch SW1ll in
connected to one end (positive electrode) of a secondary battery

107 (here, lithium ion battery is used for the secondary
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processing after Step S351 on is repeatedly carried out. Because charging
processing is carried out in this .way.. «the.detection processing of this
secondary battery state after :charging te, {he:gecondary battery is stopped

[ X

is carried out every tinme the td'me.’Mf2.passts by the tinmer circuit, and
control 215. . . . . . . . .... for properly maintain the secondary
battery charging state is favorably carried out, and at the sane tine,

b it ' d . the det.ecti . ti 2 that, the batt

char o1 ngPAFEREY haboad€8 G T ARG <BOABREREn, tPR RRRIATGAE dosi gned
b A it j | b f the ti [ it,

the por | S BaRoratt £8 ottt da BEYHBn And 002 Re 21011 Char ged state

s able 10:DeGoUSHRBLA VALY AIAUHIAN BRLBLALNPH, | LESREGHIVEL] daen

det ecti on accuracy, an i's point, as wel t proper |y

mai nt ai nkRgeEResuSRCONUAI Yo A} t W HalkeNgnCaRdiLign s garried out. In
this 11th enbodi nent, the charging voltage at the tine of tenporary

char gi ngséhti esn@hiét gt NGBt P Such @8SiagFad1t0erbect. ManSATEoAS HEMAt &t the
time of regular charging, but the charging voltage at the tine of

t enpor ar yhehaike ng meyeber dagiggnaihed semikowddetbagesitshichs axgdbdV i@ ilshe
like. By doing so, it is possible to reduce burdens applied to the
secondar prebarable whamse hehddtitedrdy efdrditt toans sstet ecied. 1d9s plase aaf
detecting the secondary battery condition by the current value, it may be
al | oned thedeimetof heorndudiniddy.y battery condition with the battery
voltage. In the case of detecting this battery voltage, when the battery
voltage is deteBR@dtipdeEneheethdmfdaf iyeoppragredal ot t Hee eyraqpdary

di scharged fromthe secondany battery for_ the detection may be
battery 107 1s connected to the other end of the secondary

winding 104b of the switching transformer 104. Across the other
end (negative electrode) of this secondary battery 107 and the
other end of the secondary winding 104b of the switéhing
transformer 104, a charging control means such as the
field-effect transistor, etc. may be connected.

Across one end and the other end of the secondary
battery 107, a voltage detection circuit 108 is connected for
detecting the battery voltage, and the detection output of this
voltage detection circuit 108 is supplied to the charging
control circuit 109. At the charging control circuit 109, based
on the detection condition of the battery voltage, ON/OFF
control is carried out on the connecting switch SWl. The
charging control circuit 109 comprises integrated circuits,
whose control condition will be later discussed based on the
flow chart of FIG. 40.

On the cathode side of the diode 105, two voltage

detection circuits are connected. That is, the 4.2V detection
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charged. Now, referring to FIG 39 to FIG 41, the 12th enbodinent of this

invention will be described. FIG .88 & a.bl.ock di agram show ng the
configuration of 116 066: '000 260 0CGFes, 3es.3.5.. . . . . .... :00. . .
00 . . ceel tedt et ees " he ichar gi ng equi pnent of this

ékéﬁplé,-mhere AC-pbmér-subbly is supplied froma comercial AC power
supply 101 to a rectifier circuit 102 conpri sing ?.dgo?e bridge to prgvide
DC . I And_t hj ly i.s su [ 0 a primary side
control Ut 163, Snfiqthe EnlY petRrSe &etrcc&aftfaﬁcereuwﬁnq?@ A

I fi ' ' | i n. the . .pri,nar Lde ntrol circuit
105 and (heh Eugarhoate5i8 drFRafion Bl adt 1838 oroLeaiPy chi ng
transfor @%rtejc(ﬁ&oné%_qltﬁt 42566PNaY Slde g \F% 529 gLQ4D eigf ngfiéw 619{.” ng

transforner 104, ow vol tage power supply convert 0 a sSpecified | ow

vol t age iandolRhai AelectIBnt BEroF | IRFSrd o QAR 16,7 $HELrAQBioR SRMUAL!
signal is supplied froma voltage detection circuirt 111 or 112 on the

secondar yigiféeehabebetReehi BeUL¥G@ wa Rl eeuplrelr 143, seafahhg) put put
voltage is controlled in accord with this control signal. This primary

si de conbbalinied;uahdi ofconé i @ertedt Vb1 e dvdredndoethatibheUbt Shofie end of
the secondary wi nding 104b of this switching transforner 104 is connected
to the adedecsfioa swrcuhtagl il pdEl2 1Ghe damfarimatdanhedeeotetinbg &li ode 105
and the other end of the
change-over switch SW12 is supplied to the primary side control
circuit 103 as a switching control signal via the photocoupler
113. Consequently, if the changeover switch SW12 is set to the
4.2V detection circuit 111 side, the power supply of the 4.2V
voltage is controlled to be obtained on the cathode side of the
diode 105, and when the changeover switch SW12 is set to the
4.1V detection circuit 112 side, the power supply of 4.1V
voltage is controlled to be obtained on the cathode side of the
diode 105. The change-over of the changeover -switch SW12 is
controlled by the charging control circuit 109.

The charging equipment of this example is configured as
described above, but there is a case in which some load circuit
110 may be connected to the secondary battery 107.

Now, referring to the flow chart of FIG. 40, operation
when the secondary battery 107 is charged with the charging
equipment of the configuration of FIG. 39 is described. 1In the
case of this example, a lithium ion battery with the 4.2V
battery voltage at the time of full-charge is used for the

secondary battery 107.

If the charging remainder of the secondary battery 107,
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secondary w nding 104b are connected by a switching capacitor 106 to
provide a DC | owvol tage power syppisy -of..as specified voltage. The anode of
t he di ode 105 from which the IQMPVO+Page°EX}"pomer supply is obtained is
connected to one end of a connéel’i*ng *esWibth.SWE1 and the other end of the
connecting switch SWM1 in connected to one end (positive electrode) of a
secondary battery 107 (here,” lithiumion battery is used for the secondary
117 9000, 00 . .. s o e it i i iR i e i ne wee e e

batt ery) ePgabitnbin, Hpd R it ‘& diofiventhaRna EBﬁ%H“r“ﬁgle‘é%'th%v\m is
controll d.o |.at s¢Li ped char cont r.al

circurt 0aroahl aRbrflatirutl B (BRRERlR LR B8P aray e i tding,
add't'onf%gtéhkéﬁﬂcﬁm%ﬁ L e DAt Blifr 8L €61 déazfszvstor (FET)

or the wever, when t semc uctor sw IS use

pref er abljgbet Ysh éb@cﬁwlﬁlﬁfsfﬁfé tamnéhgb@peg b d%?%?l?é Oi%cd;}gdcaoxye time

of conduction. And the ot her end (‘negativ e dary

battery Ba¥tbsyCoOneedbeiardity qidtep 629191, the $8CARCSFNindM NHdihe04b of

the switching transfornmer 104. Across the other end (negative el ectrode)

of this secnodathe bpdtesyy WY ardddie toother fenl-ehaife SEM AP ikE NY
104b of the switching transfornmer 104, a charging control neans such as

the fietdpetitgtciosmstetithe fotld-amyged bgndettetioAcsdstshenmtaedyand t he
ot her end of the secondary battery 107, a voltage detection circuit 108 is
connect eolbage or the like (Step S402), and if it is determined that

the battery is fully charged, then the control circuit turns off

the connecting switch SW11l to stop charging (Step 403). And the

control circuit allows the connecting switch SW12 to change over

to the 4.1V detection circuit 112 side (Step S404).

 Under this condition, the charging control circuit 109

judges a battery voltage detected by the battery voltage

detection circuit 108 (Step S405). It is determined whether or

not the battery voltage is lower than 4.1V (Step S406). If it

is determined that the battery voltage is not lower than 4.1V,

then the decision processing of the battery voltage in step S405

is continued. If it is determined that the battery voltage is

lower than 4.1V, then, after waiting for a predetermined time

(for example, several_minutes to several tens of minute) to pass

(Step S407), it is again determined whether the battery voltage

is lower than 4.1V (Step S408). If it is determined that the

battery veltage is not lower than 4.1V, then the processing

returns to the decision processing for the battery voltage in

step S405. If it is determined in the battery-voltage judgement

processing in Step S408 again that the battery voltage is lower
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detecting the battery voltage, and the detection output of this voltage
detection circuit 108 is supplied.ta the.charging control circuit 109. At
the charging control circuit 109,2 bgsed *sonshe, :det ecti on condition of the
battery voltage, OV OFF control.’i*se‘CatTde@U’«@lt on the connecting switch
SWL.. The charging control circuit 109 conprises integrated circuits,
whose control condition will be | ater discussed based on the flow chart of
FI G 40. t he_cat hode sjide of the diode 105, two voltage_ detection

ci rcui tstg{f;‘é1 EonNectBAn THRCTICGHOY SHtgl SWLi ohS E‘iﬁg?q on (Step

S409a,.' g%'CeOQIQeO or(lzier ?lﬁe&%e%#lt%%dﬁh@?riﬁﬁ%%gﬁ %Cit:ll_né)% .Ci/\écmt 112

are connecte at each 0 ctio | t age

det ecti oReWhbh 14n2¥: Phy ft 11\/1%%i£§ia2c %ﬁq%d%riﬂgi,stﬁgr§%§§n8§l}¥fb§t@e&]e

detection error I nformaii on ntormafi on on er enc

bet ween I I : f A\l b aj ped, b e
det ecti o\%ge%rﬁg?g%ﬁfgﬁén%ﬁlfgg% %Hft%é(}?hs;oggtg %t %)glﬁélg?rgc%f%g' 11Tl, 11%“%%%

i nf or mat hogosehetbatt BycRle ALY Als SWrreBaSVEe is whPehi &skd& idie

primary side control circuit 103 as a switching control signal via the

phot ocoupketo Thdth&€pnsequentdne batddiy vbanggeves Sokeéehci M2 i By sfq to
the 4.2V detection circuit 111 side, the power supply of the 4.2V voltage
i s contr thkedesbabe obtchamsginon deratdiomodéterde pfedbeerdinss tides and
when the changeover switch SW2 is set to the 4.1V detection circuit 112
si de, theiporetheugptgcioion ane nepeaadgelysceoniedl ded-to be obtained on the

cat hode side of the diode 105. The change-over of the changeover swi tch
SW?2 is Because after the secondary battery is once charged to

full-charge (or nearly full-charged condition) by charging as
shown in the flow chart of FIG. 40, the switch SW1ll between the
charging circuit side and the secondary battery is turned off,
and only when the battery voltage is detected under this
condition and the conditions up to Step S408 are satisfied, the
switch SW1l is turned on and charging is resumed, under the
condition where charging is stopped, the charging circuit and
the secondary battery are held separated, preventing wasteful
discharge from the battery because the voltage set on the
charging circuit side (4.1V) is lower than the battery voltage
(4.2V). In addition, because for a condition to resume charging
at 4.1V, charging is designed to be resumed only when passage of
a specified time is waited at Step S407 after the battery
voltage 4.1V or lower is detected, and the battery voltage 4.1V
or lower is detected in such event, it is the cohdition in which
the battery voltage is accurately lower than 4.1V (because
self-discharge or discharge to the load circuit takes place

after 4.1V or lower is first detected), and the trickle charge
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controlled by the charging control circuit 109. The chargi ng equi pnent of
this exanple is configured as deS@ereduaboue, but there is a case in
which some load circuit 110 mgy hesconneet gd. to.t he secondary battery 107.
Now, referring to the flow chart.’dk.Fl.G .407..0perati on when the secondary
battery 107 is charged with the charging equipnent of the configuration of
FIG 39 is described. In the case of this exanple, a lithiumion battery
with the 4. gv batter voltage at_th tlne of full-charge is used for the
secondar §tb t9¥r§5169 t?t?ﬂg Urammi nder of the secondary battery

107, 119 .. i

Ce e .. Ast HesFrtLPn amT on ebaft]toéfvr )?ha,lré: PgwngGt han ar speC| ??e%fl eveI
(e oo aRBChaCLGHI e LOY RS el L sORg! IBYOPNERI 10
circuit éléi:e%'t;dtég 2he §é199é1‘/y 4 A dde to'ie45§9°8gai¥wePati€rﬁ{aj}05e for

charging (Step i s determned whet her of the battery is

char ged tiestttgaeautb GJS@é@@ 4 Odpetisied foada eamaﬁétytﬁé@se 1o (fer
full -charge) by detection of the battery voltage or the like (Step $402),

and i f i exaspletetodvpd tTidt idhe float exaypile, f dkl yhokar gedshdé hErow he
control circuit turns off the connecting swtch SWML1 to stop charging
(Step 408harandft REG. chbhi riy aammuing attohsttheycwvoheage ndetsvatticin SWL2 to
change over to the 4.1V detection circuit 112 side (Step S404). Under this
condi t i oRroEReséhdr gt nftepni4®l (Hamsuias PO9CefadResoh BEEt 49 upltamge

det ect ed by the battery vol t age
Step S405), whéther the battery voltage is 4.0V or lower or not

is judged (Step S411). 1If it is judged to be 4.0V or lower at
this step, the connection switch SW1ll is brought to the ON state
(Step S412), and the secondary battery 107 is charged at 4.1V.
And thereafter, detection of battery voltage of 4.0V or lower
and resumption of charging at 4.1V are repeatedly carried out,
achieving so-called trickle charging.

Carrying out charging by the processing shown in FIG. 41
eliminates a need for counting the passage of a required time at
the charging control circuit, and simplifies the configuration
for charging control as much.

Next referring to FIG. 42 and FIG. 43, the 13th
embodiment of the present invention is described. 1In FIG. 42
showing the configuration of the charging equipment according to
this 13th embodiment, parts corresponding to those in FIG. 39
which shows a configuration of the 12th embodiment are denoted
by the same reference numerals, and their detailed description
is omitted.

In this example as well, the charging equipment is
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detection circuit 108 (Step S405). It is determ ned whether or not the
battery voltage is |ower than 4.1M«(St.ep..s408) .. If it 1is determ ned that
the battery voltage is not | owsr % haje 43 %V, sest e the decisi on processing
of the battery voltage in step 'SA0%.°1.s° &ontj,nued. If it is determ ned that
the battery voltage is |ower than 4.1V, then, after waiting for a
predeterm ned tine (for exanple, several mnutes to several tens of

m nute) to pass Step S407).,. ikt is ai term ped whet her the battery
Vol tage 9PsiABed, toHERamI9 Piesdar ey BafereviL0fe, drfiPElnd nen the
battery i of | L en .t 4 sl ng. turns to the
decisiongg%%gggéiﬁﬁgf%? ?%%55%¥%gréjbgﬁfggeBanﬁg?éggggoé.8+¥é¢%tis?r
determn LAk t t jdg : Qe e§ S| i t 408, agai n
that T e bSre SHOyoNT sosrt4fy (At ddsg e B onbi AR ask RO Lo B AP T
the connegirb@Rtsypi CoPVidtdSt iy Red Poteatdhl S489dreRtA0Set o BHECt i Ng
switch SWM2 is set to the 4.1V ‘detection circuit 112 side at this tine,

t he secoadar ¥nlatherythés ehailgedaniddt ingeshatthr swyol i agerdecduwes #hdlV.
Thereafter, a so-called trickle charging is carried out in which detection
as to whphbed on th¢ déeediaiderdateldfaghissdeteetidbhamidciMt aad, 4 he
restart of charging operation after a predetermned tine since the

det ect i ophargingpeantdy chrquidd 12 isBdeaigeedf tercahey secomiafoFmat t ery
is once charged to full-charge (or nearly full-charged condition) by

char gi ngcastrohoof thetseitco®WHart of FIG 40, the switch SWL1 between

the <charging circuit side and the secondary batterg is turned off, and
only when the baThaFyl§ol th@PeteHetd tad fgngaret Apsect oami ¢ e Hhd 4he

condi L1 o R L, 8L o, S408, 210 <Al ST g0 o118 o WL P turned on and

connecting switch SW1l (side connected to the diode 105) and the
negative electrode side of the secondary battery 107 (that is,
the other end of the secondary winding 104b of the switching

transformer) but also the potential Eg across the other end of

the connecting switch SW1ll (the side connected to the secondary
battery 107) and the negative electrode side of the secondary
battery 107. And the relationship of the magnitude between the

detected potential E, and the potential Eg is judged and the

judgment results are supplied to the charging control circuit
122. 1In the charging control circuit 122, based on the results,
switches SW1 and SW2 are controlled to control the charging.
This charging control circuit 122 comprises integrated circuits,
and the control condition thereof will be later described based
on the flow chart of FIG. 43. Other parts are configured in the
same manner as in the case of the charging equipment shown in.
FIG. 309.

Now referring to the flow chart of FIG. 43, operation
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condition where charging is stopped, the charging circuit and the
secondary battery are held sepatat.ed, .praventi ng wasteful discharge from
the battery because the voltagé sete«.gn ¥%e, sswehfinging circuit side (4.1V) is
| ower than the battery voltage*.{24.2V).* J.0* adti t:i on, because for a
condition to resune charging at 4.1V, charging is designed to be resuned
only when passage of a specified tine is waited at Step S407 after the

bat t | t 4.1V qQr lower is detected, and the battery voltage 4.1V
or | v e 2RE Pagondaey cheboaty U S U g it ok he CHRFE T he

battery volta is_acgcurately.|lower. tha V ((hecause self-discharge or

i schat oS drs et gRGEHR eaRY iR o otk iy B0°3R 38seeRhear LTS,

det ect ed), .and ¢t he.tri h U221 B e Ceee
101 001 20bas®Be) RALL' bRSRLEN P iun oy patrery el the 4227 oy oui . s
descri beg, i e hat t FdR of; Ll t passage of
a specif?gg%Fﬁgevg?eé?gpéémEé%é?%é%(ﬁgg?ggi?%gégﬁkaﬁaﬁggéyfggl€§%e-of 4.1V
or | ower selcbnd@yybPBat€esyoned. to detect a specified voltage |ower than 4.1V
(for exanple, 4.0V). That is, for exanple, as shown in the flow chart of
FIG 41, by carryifngheuthhayisgyramd inger dat etld @@coptaggSbabesy Hhep S405
(same as processing of FIG 40 up to Step S405), whether the battery
vol t age ithed4l@¥hdanml doerbattemny, is Jjawdgedh@st apspddifielif volums, jtitged to
be 4.0V or lower at this step, the connection switch SWL1 is brought to

t he ON sthesgifst epntnoed)cinguiit he2 s asoidaly bet tery 007the cormemidiag

4.1V. And thereafter, detection of battery voltage of 4.0V or |ower
switch SW1l with the connecting switch SW12 set to the 4.2V

detection circuit 111 side, and supply 4.2V to the secondary
battery 107 for charging (Step S431). It judges whether or not
the battery is charged to the full-charge (or a specified
capacity close to the full-charge) by detection of the battery
voltage, etc., and if it judges that the battery is fully
charged, the control circuit turns off the connecting switch
SW1l to stop charging (Step 433). And the control circuit
allows the connecting switch SW12 to change over to the 4.1V
detection circuit 112 side (Step S434).

Under this condition, the potential E, and the potential
Eg are detected by the potentiai difference detection circuit

121 (Step S435), and it is judged whether or not the power

supply voltage Eo, is higher than the battery voltage Ey (Step
S436). 1In this event, if the power supply voltage E;, is judged

to be higher, after waiting for a predetermined time (for
example, a few minutes to scores of minutes) to pass (Step
S437), it is again judged whether or not the power supply

voltage E, is higher than the battery voltage Eg (Step S438).
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and resunption of charging at 4.1V are repeatedly carried out, achieving
so-called trickle charging. Carnylng.aut.aharglng by the processing shown
in FIG 41 elimnates a need flor; celfit t hg, the:passage of a required tine
at the charging control circui t.,' 'and’.srsml'rf.res' the configuration for
charging control as much. Next referring to FIG 42 and FIG 43, the 13th
enbodinent of the present invention is described. In FIG 42 show ng the
configur he char ui.pme nt _accordin this 13th enbodi nent,
parts co EBSngﬁﬁﬁeF% Yok %g?ﬁﬂFPé. %@heﬁhFEﬁn ﬁ%ﬁsp%W%Bﬁ?ﬂﬁﬂﬁhtlon of the
12t h enbodlnent are denoted by the sanme reference nunerals, and their

det ai | edV@e&@BPPEI 0rPTQALSHANG EQLWASE kPstBRapptentialediffenancehar gi ng
equi pnent is 122 .. .. . 0900 see 00 designed to charge the secondary
battery j0dgmanti &ahi stepasd3bat taard/,ifanch ithet mepeated, potept hat of
providing a circuit for detecting the battery voltage, a potenti al

di f f er endafderenceopudgiertiat Sted &4 3Bt eFhengowhe popphyiwbldidge eRence
bet ween one end and the other of the connecting switch SW1 is provided,
and based gudgbe detksthigheief aamd ddinecdabackiv@lchi sRULti2ltuened By gi ng
control circuit 122 is designed to carry out OV OFF control of the switch
SWL1. Thastep, StB8) pot Enttlals divdrer ebeeateeetheononhectihg 193 teketsets not
only the potential EO across one end of the connecting switch SW1 (side
connect edst setheodtbelet 1U6)detrrtinn clggatiitvé 18| eddeodehsi secaidahe
secondary battery 107 (that is, the other end of the secondary w nding
104b of éﬁétgﬁm fi7 n§s charged ‘with 4.1v.

Because after the secondary battery is once charged to
full-charge (or nearly full-charged condition) by charging as
shown in the flow chart of FIG. 43, similar to the case of the
12th embodiment described above, the switch SW1l between the
charging circuit side and the secondary battery is turned off,
and only when the battery voltage is detected under this
condition and the conditions up to Step S438 are satisfied, the
switch SW1ll is turned on and charging is resumed, under the
condition where charging is stopped, the charging circuit and
the secondary battery are held separated, preventing wasteful
discharge from the battery because the voltage set on the
charging circuit side (4.1V) is lower than the battery voltage
(4.2V). 1In addition, because charging is designed to be resumed
only when passage of a specified £ime is waited at Step S437
after the battery voltage is detected to be lower than the power
supply voltage (that is, 4.1V or lower), and the battery voltage
is detected to be lower than the power supply voltage in such
event, charging is definitely resumed under the condition in

which the battery voltage is lower than the power supply
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transforner) but also the potential EB across the other end of the
connecting switch SW1 (the sida cennectsd. t«0 the secondary battery 107)
and the negative el ectrode sideé af ¢RHe seeopdajy, battery 107. And the

rel ationship of the magnitude bat'weert.tha.* tetected potential EO and the
potential EB is judged and the judgnent results are supplied to the
charging control circuit 122. In the charging control circuit 122, based
on the res&lts switches SWL and SW2 are controlled to control the
char gi ngV°1¥ABE - charging control circuit 122 comprises integrated circuits,

dth trol Lt h W | at Lbed b d th
flow tharc o CF ABHE RREhNERESh NN, ¥he BeileciSP Yon Ra%el TR naRta L | 1
th i : j i 9. . j t th
e Caseunt Lo ERaAgin gL ERL AR ION ) EhCuot? 3 PRI RLEETL N0 o e
battery é@?rb%t@?aﬁﬂéglev‘{-:ﬁ@ EM&E}?rvgjl%ge‘%qléhﬁnﬁgHgﬁélrﬁhfofof’éél%h%a ion of

FIG 42 is described. In the casée of thi's exanp alithiumio tery

wi th thecha2¥Yinbathfr yevatéwgeraly tdirtiid® ople.ful | -charge is used for the
secondary battery 107. If the charging remai nder of the secondary battery

107, the lithi unoivopebattény,td sFi®wers tdan racspesi,f tad yotune, the
charging control circuit 122 controls to turn on the connecting swtch
SWL1 wi t embhdimenhecti tige spwe odntSiIegaticno ishdedc?2¥bddt ecthopi@i romit 111
side, and supply 4.2V to the secondary battery 107 for charging (Step
S431). | shpydgesthpetprfiguraipion idfe thet cdaygingchgniprent abteofding ciwar ge
(or a specified capacity close to the full-charge) by detection of the
battery thaft hdeh %?E??l@ﬁﬁFifPQEtﬁlﬂﬁi&?spﬁ&ﬁlpﬁetﬁatgéﬁ? im FIG{ 39

which shows the configuration of the 12th embodiment are denoted
by the same reference numerals, and their detailed description
is omitted.

In this example as well, the charging equipment is
designed to charge the secondary battery 107, a lithium ion
battery, and in this case, in addition to a battery voltage
detecting circuit 108, a resistor 132 for detecting the current
flowing through the secondary battery 107 is connected to the
secondary battery 107 in series, and the potential across both
ends of this resistor 132 is detected with a detection circuit
133, and the current flowing through the secondary battery 107
is designed to detect with a detection circuit 133. And the
data of the current value detected by this detection circuit 133
are supplied to a charging control circuit 131. The data on
battery voltage detected by the battery voltage detection
circuit 108 is supplied to the charging control circuit 131.

In the charging control circuit 131, based on each

detection data supplied, the connecting switch SW11l is
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charged, the control circuit turns off the connecting switch SW1 to stop
charging (Step 433). And the com r@l, Ghrouit.. allows the connecting switch
SWL2 to change over to the 4.1Y idetectiom, gie(euit 112 side (Step S434).
Under this condition, the potenti‘dk.Ee.and* the gotential EB are detected
by the potenti al difference detection circuit 121 (Step $435), and it is
j udged whet her or not the power supply voltage Eo is higher than the

f th I I
2L St R TR 2
cram . sl SU-BVRY! 55, e SNSRI ML) ol PBgst BB Millcal | Te,

battery t €O SAIB)ci £ t d t :
N Fﬁggggﬁ?gglﬁé tage EB |Ij(gﬁi gﬁggnptr ée’r?st re1 ggﬁ/ae}:esu%}o culvsi)’l taanéie EO,

processi per 8bHENS1t CohdeL Do aidr@lofdififiar 8BCeatb¥dga8atiBEqg %@&&3‘&{3 And
if in the repeated potential difference judgment at Step S438. The power

suppl y vehtageowOchast | GlgeI L aishe lotpleer patrlte aeanecht ogussdtoh +HML is
turned on (Step S439). In this event, because the connecting switch SW2

i s set teambemdnidrdes etn itde casauidf th2 shdegihbeegetpmdat yshdai tigry 107
is charged with 4.1V. Because after the secondary battery is once charged
to full Fé@argd®. (or nearly full-charged condition) by charging as shown in
the flow chart of FIG 43, simlar to the case of the 12th enbodi nment
descri bed above, NPHe EQfEERLEIMHO Hdienddovt fhart of FIG. 45, operation

when the secondary battery 107 is charged with the charging
equipment of the configuration of FIG. 44 is described. 1In the
case of this example, a lithium ion battery with the 4.2V
battery voltage at the time of full-charge is used for the
secondary battery 107.

If the charging remainder of the secondary battery 107,
the lithium ion battery, is lower than a specified amount, the
charging control circuit 131 controls to turn on. the connecting
switch SW1l with the connecting switch SW12 set to the 4.2V
detection circuit 111 side, and supply 4.2V to the secondary
battery 107 for charging (Step S441). It judges whether or not
the battery is charged to the full-charge (or a specified
capacity close to the full-charge) by detection of the battery
voltage, etc. (Step S442), and if it judges that the battery is
fully charged, the control circuit turns off the connecting
switch SW11l to stop charging (Step S443). And the control
circuit allows the connecting switch SW12 to change over to the
4.1V detection circuit 112 side (Step S434).

Under this condition, the current flowing the secondary
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charging circuit side and the secondary battery is turned off, and only
when the battery voltage is detecteed undar.this condition and the
conditions up to Step S438 are'satlsjqeﬂh-;he,,gwntch SWL1 is turned on and
charging is resuned, under the‘.condi*tibn.Whafe icharging i s stopped, the
charging circuit and the secondary battery are hel d separated, preventing
wast eful discharge fromthe battery because the voltage set on the

ddi ¢ onbebEERYsA0E S tetEed goydefg;%g“’?f&atr%%@bé@%ségﬁrégr%ﬁq‘?{ﬁa‘ﬁxliw éli%ilé,e of
f

det oot ed PHTBE By EpéTiaaRed e iR e i hsuty' Tan: L5658 HEHY) o 1 Fus

| over), aoenrchel@aigeg]lyd% (!ltvﬁ%et ISOQ%%%t gteu}?ge*@w%l&é@ the power

supply voltagé in sSuc vent, arglng i"s “def I Al y r esuned under t he

condi ti O@rbaete\é’?mgﬂe&h@lf@éﬁﬂdf w2 G5 hso!rom’@%e}:hfﬁtéé%at Fed 1@ y 125

vol tage. In the 13th enbodi nent age i's
j udged byhréBROTEMPATHS Ok Wi ty tdee: ROWaHvSHBE! Ya¥eht dgrhd tbd@té&%,SSl ble to
correctly judge the battery voltage, and judgnent for resumi ng charging
can be acharatebyisaicsed nutthiNowvesfter iifngtt 0s Fi Gweddeivad 1 G, 4% ilshe
14th enbodi nent of the present invention is described. In FIG 44 show ng
the confjgdgedi bhabfthéme cimrdjisthagge poenheatoaddeigetdt 110 s akdt h
enbodi ment, parts corresponding to those in FIG 39 which shows the
conf|gurﬁﬂréﬂnéfd¢t@ﬁqlwmlQﬁﬂﬁﬁﬁpnﬁﬂﬂ5aﬂé depeatddlpycaneiadhmmtrof mence
nunmeral s, and their detailed description is omtted. In this exanple as
wel |, thé cﬁ%?g?ﬁﬁr%ﬁﬁ|%ﬁﬁﬁﬁtQQSat Step S446 is judged to be lower than

IXx A, battery voltage is judged based on the detection data of
the battery voltage detection circuit 108 (Step S447). And in
this event, the battery voltage is judged to be 4.1V or lower
(Step S448) or not, and it is judged to be 4.1V or lower, the
connecting switch SW11l is turned on (Step S449), and charging at
4.1V is resumed. For judgment of this battery voltage, as in
the case of the processing described in the 12th embodiment
(processing at Step S407, S408 in the flow chart of FIG. 40),
charging may be resumed after a specified time passes if 4.1V or
lower is again detected.

Because after the secondary battery is once charged to
full-charge (or nearly full-charged condition) by charging as
shown in the flow chart of FIG. 45 similar to the case of the
first embodiment described above, the switch SWll between the
charging circuit side and the secondary battery is turned off,
and only when the battery voltage is detected under this
condition and the conditions up to Step S448 are satisfied, the

switch SW11l is turned on and charging is resumed, under the
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designed to charge the secondary battery 107, a lithiumion battery, and
in this case, in addition to a battary.vaktage, detecting circuit 108, a
resistor 132 for detecting theicdrrem §ieepdaagstshrough the secondary
battery 107 is connected to thé.. sSecondary® hattery 107 in series, and the
potential across both ends of this resistor 132 is detected with a
detection circuit 133, and the current flow ng through the secondary

battery 107 _..is designed to detect with a detection circuit 133. And the
data of Fﬂ@d&EF?En‘t’hg‘é‘F (YLD &F K FOPRPY / dEPBCERJIRILRY THECURE angt o
lied h ' trol_ci i+ 131. The dat . batter | t age
det ect ed™Py SREBATHERATRIE 0 el pomaral P B Suair ind ik o "The
h [ 3 ' [ ' ' | t,.,131, based on
caon” deptaPhaebackEsH indiHarddhy BeceiBerihd aRLAGe i ' BE" 0006 gas:

440 as char?ing circuit side (4.1V) is ﬁowertehaﬁoaﬁéQBé€¥E$¥’Jdﬂ on and
off, and at The sane tine, the change-over of the connecting swtch SW2

is also ¢appvplled. This charging control circuit conprises integrated
circuits, and the control condition thereof will be |ater described based

on the flow chanhdoinFthe Hbth @missdip@rits bé@aﬁ@éffﬂél_rleﬂt"té\rg hﬁnlt&ﬁ)@
manner as in the case of the charging equi pnent shown in Fl 39. W,

referringst guipedfandv thrkleofcHdrGe 4%, 40p8r 4ti des igded tdebes ecardaiy

battery 107 is charged with the charging
out after confirming that there is no discharge exceeding a
specified volume from the battery 107 to the load circuit 110
side, if there is any discharge exceeding a specified volume
from the battery 107 to the load circuit 110 side, trickle
charge treatment in this example is not carried out, and trickle
charge is properly carried out only when it is required. When
the charging remainder of the battery is considerably reduced
due to the discharge to the load circuit 110, regular charging
at 4.2V (that is, charging treatment conventionally known) is
carried out by another control system not illustrated.

Now referring to FIG. 46 and FIG. 47, the 15th
embodiment of the present invention is described. In FIG. 46
showing the configuration of the charging equipment according to
this 15th embodiment, parts corresponding to those in FIG. 39,
FIG. 42, and FIG. 44 which show confiqgurations of the 12th,
13th, and 14 embodiments, respectively, are denoted by the same
reference numerals, and their detailed description is omitted.

In this example as well, the charging equipment is
designed to charge the secondary battery 107, a lithium ion

battery, and in this case, the resistor 132 for detecting the
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equi pnent of the configuration of FIG 44 is described. In the case of
this exanple, a lithiumion batteny.whthuthe~4 2V Dbattery voltage at the
time of full-charge is used for tehee, $ep0ndary h@ttery 107. |If the charging
remai nder of the secondary bat t‘ea‘y .1'0'2, obhBGPi tshiumion battery, is | ower
than a specified anmount, the <charging control circuit 131 controls to turn
on.the connecting switch SW1 with the connecting swtch SW2 set to the
4.2V detection c' and s 4 2V to secondar battery
To7 tor CHEFSNRT Lorepy Siguct it Geee MRt bRt 5P Kot 07 ¢ e B

charged to the ful cl ose to.

full -cha?ﬁef’ 5§7eae{:ec€ﬁon o‘T(ortcn%r}bg)[ Ifel)ﬁd\}gl t’aagdt%}tl% ?%?%%lasgfﬂrosfnd | f
e bd9eBo RALbDCoPALR B Vs s ol st A BBdeck B GO0 | Ohe Chdilldidi NS OFf

t he connecting svmt to stop ¢C arg| ng control

circuit ahl-gustt N§3CORACEAE NS SMUAC I 19Wi#, tQhEBﬁ?HetHe‘!eéeé&l&an% 4.1V
detection circuit 112 side (Step S434). der thi's condition he current

flow ng bhetsegondarys dedigned ito detect with the déefdetion circuit Si 1S
battery 107 detected by the current detection circuit 133 is judged by the

charge conBrol 1fii additidd,l { PeerHidd) dilfferbhee @¥edttioh d¢Brdwdgad]
whet her or not the current value is a predetermned threshold value Ix A
or | ower £O8t dpt&4dbng filine spotdmiaitioldd fifererckxbétwses edne remtlveant ecHeased on
the battery
other of the connecting switch SW1l is provided, and with this
potential difference detection circuit 121, the power supply

potential E; and the battery potential Ez are detected, and the

relationship of the magnitudes between the detected power supply

potential E, and the battery potential Ez is judged and the

judgment results are supplied to a charging.control circuit 141.
In the charging control circuit 141, based on the current
detection data from the detection circuit 133 and the potential
difference detection data from the detection circuit 121, the
switches SW1l and SW12 are controlled to control the charging.
This charging control circuit 141 comprises integrated circuits,
and the control condition thereof will be later described based
on the flow chart of FIG. 47. Other parts are configured in the
same manner as in the case of the charging equipment shown in
FIG. 39.

Now referring to the flow chart of FIG. 47, operation
when the secondary battery 107 is charged with the charging
equipment of the configuration of FIG. 46 is described. 1In the
case of this example, a lithium ion battery with the 4.2V

battery voltage at the time of full—charge is used for the
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characteristics. In this event, if it is lower than Ix A it is judged
that there is discharge to the.boad-ci-scpi-t 1110, and current detection at
Step S445 is repeatedly carried qut.:And:*ititthe current detected at Step
S446 is judged to be | ower thdr.i’l’x.%..batf erly voltage is judged based on
the detection data of the battery voltage detection circuit 108 (Step
S447). And in this event, the battery voltage is judged to be 4.1V or

| ower (Ste R§448) or not, and it is judged to be 4.1V or |ower, the
connect i ﬁ@cg ALK R¥iiery ]c%f'ned on (Step S449), and charging at 4.1V is

or o06ssi n§93e£3??%E;é%ﬁ%%%ﬁ%’ﬁ%ﬁé%ﬁ%tﬁ%g%ﬁ%@%@gﬁ%%ﬁ%ﬁ%ﬁsié}?} si0s
i he f haf t . . ' i fi
time pasthy TRCRLEY 4eb Pafitey AU ¥Rt R SERUIRERT {Flofs Jhad T ©

secondar knBas i Veo e PP o AALOC 410 coiiidonchBb0euL AT ofohd Yoddldaichiay ged

condition arging as shown 1n the art of simlar to

the casesqfitbheswiirwitgnbdi dBriiedissy sRhadchboyer be e8I Lkd Sk betveen

the charging circuit side and the secondary battery is turned off, and
only whedetbethaht €iycy ot t BQe d ddleted edppngen . piii o conali $ésshanig; t he
conditions up to Step S448 are satisfied, the switch SW1 is turned on and
char gi ngbasteegub®d, fondehiatdiendl 2&Btep S451). It judgesowitethen ovhearc
charging is stopped, the charging circuit and the secondary battery are
hel d sep&het batterevest¢hpryedttef Hhe duddhahgagbr ¢artdespreiiigd because t he

vol tage set on the. charging circuit side g4.1V) is lower than the battery
vol t age CRRag¥py close to the full-charge) by detection of the battery

voltage, etc. (Step S452), and if it judges that the battery is
fully charged, the control circuit turns off the connecting
switch SW1l to stop charging (Step S453). And the control
circuit allows the connecting switch SW12 to change over to the
4.1v detection circuit 112 side (Step S454).

Under this condition, the current flowing through the
secondary battery 107 detected by the current detection circuit
133 is judged by the charging control circuit 141 (Step S455).
In this event, it is judged whether or not the current value is
the predetermined threshold value Ix A or lower (Step S456). 1In
this event, if it is not lower than Ix A, it is judged that
there is discharge to the load circuit 110, and the current
detection at Step S455 is repeatedly carried out. And if the
current value detected at Step S446 is judged to be lower than

Ix A, potential E; and potential Eg are detected by the

potential difference detection circuit 121 (Step S457) and it is

judged whether the power supply voltage E, is higher than the

battery voltage Eg (Step S458) or not. If it is judged that the
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And in the 14th enbodi nent, because the battery voltage is judged and
trickle charge at 4.1V is des»gned tQ.be carsied out after confirmng that
there is no discharge exceedlng a, specri ited, ¢ unme fromthe battery 107 to
the load circuit 110 side, 1.&° t.hél’e i»8."d@y" dEi scharge exceeding a specified
volunme fromthe battery 107 to the load circuit 110 side, trickle charge
treatnent in this exanple is not carried out, and trickle charge IS

properly carried out on% when it h é QU|red When =t he chargi ng._renai nder
of the bBRPVEFySPEPLYNE? ?%l%ﬁ rEdiE8HeT dubPE M Keh e ¢ FSad
circuit 110, regular char4g at 4.2V (that is, charging treatnent

convent i §ﬁ§DB§1 Rno(/\ﬁ’yepss 7 rﬁ@drezﬁnmeoyaraﬂbﬁlﬁech@mm@l atykt B notf
illustrated. Now referring to FIG 46 and FIG 47, the 15th enbodi nent of
the pres&he PAVEREY ovolkadr dim e d1INRTFFAN sEhe RN URRL Yo §ivitgdeat i on
of the charging equi pmrent according to this 15th enbodi nent, parts

cor r espoRBg} nrecessiose rnatuEnG t89theFpGterdfiahndi HdGenke vjlidgmem”towt
configurations of the 12th, 13th, and 14 enbodi nents, respectively, are

denot ed Byephsssare Féﬁfﬂ@ﬁ@mlﬁrertaﬂl%, p@ﬂdntmanrdﬂef@réﬁge deseriitty on is
omtted. In this exanple as well, the charging equipnent is designed to

char ge t haespeoadasynyadé sryiday, ira thiet hi3em embodbather yprodsss Ing kits case,

the resistor 132 for detecting the 129 + current flow ng

through thepse8éddar§4dateryhel OFlavs chamteofeBIGL nd3py i elsat@ingenaedendary

battery 107, and the potential across both ends of this resistor 132 is

det ect eddapFianefetdebeckewmediwhan theagoxad shppdyiryehtade did ig BlRdDgh

the secondary battery 107 is designed to detect with the detection circuit
detected to be higher after a specified time passes.

Because after the secondary battery is once charged to
full-charge (or nearly full-charged condition) by charging as
shown in the flow chart of FIG. 47, as in the case of each
embodiment described above, the switch SW1l between the charging
circuit side and the secondary battery is turned off, and only
when the battery voltage is detected under this condition and
the conditions up to Step S458 are satisfied, the switch SWll is
turned on and charging is resumed, under the condition where
charging is stopped, the charging circuit and the secondary
battery are held separated, preventing wasteful discharge from
the battery because the voltage set on the charging circuit side
(4.1V) is lower than the battery voltage (4.2V). In this event,
since the battery voltage is judged by the comparison of the
power supply voltage, the battery voltage is able to be
accurately judged and the judgment of resuming charging is able
to be accurately made.

In the 15th embodiment, because after making sure there

is no discharge exceeding a specified volume from the battery
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133. In addition, a potential difference detection circuit 121 for
detecting the potential differenree oetweenr gne end and the other of the
connecting switch SWM1 is priovi ded: amd.gith.i.his potential difference
detection circuit 121, the power.5Upply’ ‘pdtential EO and the battery
potential EB are detected, and the relationship of the magnitudes between
the detected power supply potential EO and the battery potential EB is

j udged h j ud | k i ed h [ t [ it
1012 R B 5hE RERORt TN b F L idEr, ThBabER BV RELEPP Rt DURAEb | on
d f he_de ' i ' dth ial diff d ti
deta 17 OMPE-3ESE LARGLIS Y 43 T O RRIETY Bl ol hehrage, g ot on
cont rol | gyt Q;CORRERL LDELOBIGIR ogsT ERALEY1RCONILOL FLLRU e 141
conpri ses Vntegra ed crrcurts,” and e ‘contr oF condr fion t ered? wll be

| at er de%%&k@%ghgaseéo Phe t1ead | O &har t 19f sFke %hc&@eéhgﬁﬁés are

configured in same manner as in the casé of the ar gi ng- equi pnent

shown i nprbbess3dg dewhes esxamend o d it awreear buefl bhE idpropera)ion
when the secondary battery 107 is charged with the chargi ng ‘equi pnent of

t he conf icgutrdedoouef ofrl & wHén i tritasier idhadtgel dst heedease whehhile exanple, a
lithiumion battery with the 4.2V battery voltage at the tine of

ful | - chacherigingsedmadndéheofl 3the battery is: considerably. reduced due to
secondary battery 107. If the charging remai nder of the secondary battery
107, thehei dhibgharga batthke ylodd digmritt AdA , aregedati ebaveingeat thev
charging control circuit 141 controls to turn on_the connecting swtch
SWL1 wit KthAE ésmnebaragng IR comveng ippaldyoknown) is carried

out by another control system not illustrated.

Now, referring to FIG. 48 and FIG. 49, the 16th
embodiment of this invention will be described. In FIG. 48
showing the configuration of the charging equipment according to
this 16th embodiment, parts corresponding to those in FIG. 39
which shows configuration of the 12th embodiment, are denoted by
the same reference numerals, and their detailed description is
omitted.

In this example as well, the charging equipment is
designed to charge the secondary battery 107, a lithium ion
battery, and in this case, in parallel with the connecting
switch SW1l for controlling the supply of charging voltage to
the secondary battery 107, a charging current supply path and a
current detection means of the supply path are connected. That
is, one end of the connecting switch SW1ll (the side connected to
the diode 105) is connected to the emitter of a PNP type
transistor 152, and the collector of this transistor 152 is

connected to the other end (side connected to the secondary
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detection circuit 111 side, and supply 4.2V to the secondary battery 107
for charging (Step S451). It }udges-Wwhether .or not the battery is charged
to the full-charge (or a sp60|f|ed capacrty nlose to the full-charge) by
detection of the battery voltage’ «efec.."(St'eps S452), and if it judges that
the battery is fully charged, the control circuit turns off the connecting
swtch SWL1 to stop charging (Step S453) And the control <circuit allows

115 <f doRstERYShBAS otntes THIECHanA EVoon BT LLFiEne df%%ﬁé%@r”t ‘1:31%53# the
udged by insnEriegfrof Uit B, 187, TR RRELET S (M b s 1

s JUdgeng‘@ﬁéhEécBﬁ W N VW3 WRel SwilBRiRGCARLES P AR Ly s;lol d
I8y lufud fiifby i e

value Ix A or | ower I'n this event, Is not |ower than Ix

A it isrbydgedrtiss, dmerend erdittdiangg thet bssé0@ﬁl €hé C&'téné'—ﬂé]noﬁr!ldjzt he
current detection at Step S455 is repeatedly carried out. And if the

current dabuehdeteshedtad 15 ep oG toy 18dgedaha BRel pyesnt hah adrods
potential Eo and potential EB are detected by the potential difference

det ect i ohothrends 4PI1t{5s epsSAEHr and ik deteptddedivhes hdstddieiqaower
supply voltage Eo is higher than the battery voltage EB (Step $458) or
not. If ctircgifuligdandadvagdrk ciBthe potential. detection.thereof, the

. power supply voltage Eo is higher, the connection swtch
SW1 is charaeago%uxgw@% $QEE%lQQJﬁﬁ@@u#§etﬁﬂ@ﬂﬁelﬁha$g¢©gFQuthEJA/ If the
battery voltage EB is higher than the power supplg vol tage EO, processing
ret urns F%CPﬁgaﬁbt%@ﬁ?%ﬁycﬁ9?éF%ﬁ@@?FG&&nen?héF charging “Currert

detection data is supplied to a charging control circuit 156.
In the charging control circuit 156, based on the current
detection data from the detection circuit 155, switches SW1l and
SW2 are controlled to control the charging. This charging
control circuit 156 comprises integrated circuits, and the
control condition thereof will be later described based on the
flow chart of FIG. 49. By connecting the transistor 152 to its
surrounding circuits as shown in FIG. 49, the current flow via
this transistor 152 becomes only the flow from the diode 105
side to the secondary battery 107 side, and no current in the
reverse direction is generated. Other parts are configured in
the same manner as in the case of the charging equipment shown
in FIG. 39.

Now referring to the flow chart of FIG. 49, operation
when the secondary battery 107 is charged with the charging
equipment of the configuration of FIG. 48 is described. 1In the
case of this example, a lithium ion battery with the 4.2V

battery voltage at the time of full-charge is used for the
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Step S457. For judgment of this potential difference, as with the
processing described in the 23thsemhqdi-nents (processing at Steps S437,
$438 of the flow chart of FlG 43) changrng may be designed to be resuned
when the power supply voltale Eo’i's.’agdi’ne’ détected to be higher after a
specified tine passes. Because after the secondary battery is once charged
to full-charge (or nearly full-charged condition) by charging as shown in
the flow _chart. of EIG% 47,%§2 in the case of each enbodi nent descri bed
above, tRESRHPEN BArieh¥t BEn the charging circuit side and the secondary

b ; |t d
Chi s condition and “PEeCRaraTY reREhaer g K8 bet3nlRRg, barrERT L.
switch SWht nathauﬁngen%% ,h i NGyd,S thecﬁlugeggegQ?EédtDSlﬁ Qd'éﬁeggt Lery

where charging 1s stoppe charging circuit e secon afy

are hel dcpg) rlatgeeonm:sye@it&gn\_ﬂ/aﬁ@fdant%i%h%geufrhoah ua@ Q@Aﬁééyuﬁgecause
t he vol tage set on the charging circuit side (4.1V) | ower than-t

battery yelitagesw412Withl €hé hbsnedeiiing ssiired sh@zbgé’tew VRétageyi s judged
by the conparison of the power supply voltage, the battery voltage is able

to be adeteatdéby fidgeditantl tdiadg udgreruppllyr ¢savi 8g €har géagndsrybl e to
be accurately made. In the 15th enbodi nent, because after naking sure there
is no di behkegy &Qeédinghargpegi fSteb \Fdiolye f ftnjttigebavheter 182 not .

... 107 to the load circuit 110 side, the battery voltage is judged
and triclkhe ?ﬁﬁFQFﬁglﬁychaHSe¢§“dé§¥§ﬁ@dlt@hﬁég§aKpred specified any
di schar ge exceedl the specified volune exists fromthe battery 107 to

t he | oad C@PREHTY ?gﬁsglﬁ% the fudle hdhase Dyr dessstagnopithhe Radpime s

not Carrb%?t%%%, bgc I?SQ Fgﬂéés, and if it judges that the battery is

fully charged, the control circuit turns off the connecting
switch SW1l to stop charging (Step S463). And the control
circuit allows the connecting switch SW12 to change over to the
4.1V detection circuit 112 side (Step S464).

Under this condition, the current flowing through the
secondary battery 107 detected by the current detection circuit
155 is judged by the charging control circuit 156 (Step S465).
In this event, it is judged whether the current value is a
predetermined threshold value IX A or higher (Step S466). 1In
this event, if it is not lower than Ix A, it is judged that
charging current exceeding a specified volume is not generated,
and current detection at Step S465 is repeatedly carried out.
And if the current detected at Step S466 is judged to be higher
than Ix A (that is, the condition in which the charging volume
of the secondary battery 107 decreases and charging current is
supplied to some extent), after waiting for a predetermined time

(for example, a few minutes to scores of minutes) to pass (Step
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carried out only when trickle charge is needed. Wen the charging

remai nder of the battery is conekderably reduced due to the discharge to
the load circuit 110, regul & gthargi ngr-at+4.:i2y. (that is, charging
treatnent conventionally known) «k5*Gaseiéd® out by anot her contr ol system
not illustrated. Now, referring to FIG 48 and FIG 49, the 16th

enbodi nent of this invention w Il be described. In FIG 48 show ng the

configuration of the char nent .accordi.n this 16th enbodi nent,
parts coPfBépondFnyS 1393 éﬁ?éﬁi etier ?cﬁuggﬁﬁE t®nt*Quration of the

det ai | edBligas F?H‘?%ﬁddw%%?f%a’atﬁe TS BRaREERSE D S8 Thdyi ng
equi PIENEyLe oOBREONEE 10 AR BGIeRaNIar K BAbLELIAdOS: £, 11 Lhi Um on

battery, s case, connect ing sWitch SW1 for

control | bEScéEglﬁgpPé&’uPﬁs Cé@rtﬁi@%u‘icﬂetrﬁg u gmehgeaﬁe ng;gaéd/&pat Uy %I?y a

charging - current Supply path and a curre etection ns of the su

path areiganpepbgded 1@t rents afd aqf STtQP £26BeCi £ NP SV t kg ke {dhe
side connected to the diode 10 is connected to the emtter of a PNP type

transi st @helédrrént isehitghdreailin afhd Rhsebhand 84Dte 162 A S tig®nnected to
the other end (side connected to the secondary 133 .. .. .
. connecting switch.SW1ll .is turned on. (Step. S469battEmytHi§Uevﬁnﬂ:he
connectlng switch SWM1 via a resistor 151. And the base of the transistor
152 i s cbageusedthe cornerhiong awitadf S deceataty Whedt nyv Idtteafiarhe

swtching transfornmer via a
circuit 112 side, the secondary battery 107 is charged at 4.1V.

Thereafter, detection of the charging current and resumption of
charging after a specified time passes after the detection are
repeated carried out, and the so-called trickle charging is
carried out.

Because the secondary battery is charged as shown in the
flow chart of FIG. 49, trickle charging is favorably controlled
based on the detection of the charging current. In this case,
too, it is possible to prevent wasteful discharge from the
secondary battery 107 with charging stopped to the charging
circuit side, and in addition, because it is designed to judge
that the current higher than the specified current continues to
flow for a specified time and to resume charging after detecting
the current higher than the specified value when charging is
resumed, the battery is accurately checked for the condition
suited for resuming charging; thereby proper charging processing
can take place. That is, when constant voltage is applied, the
lithium ion battery has such characteristics which tend to

increase charging current as the battery charging remainder
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resistor 153, and the emitter and the base of the transistor 152 are the
connected by a resistor 154. .And.{ he tenIhaI across both ends of this
resistor 151 is detected with a defegtieghes discuit 155 and based on the
potential detection thereof,* e, thacgirngcurrent supplied fromthe di ode
105 side to the secondary battery 107 is detected. This charging current
detection data is supplied to a charging control circuit 156. In the

charging.control circuit 156, hased on the current. detectjon data fromthe
det ect | oSCFPatrs i AN, dheShesh #secop hhe CRATICHIEIF e Sont rol 1t he

h This, ch 5 d ,
ond Dhe radibp s EOR (R ha Pid Hart vl Hropg 2l 8 DiAdEd, LQ&EEQZ‘ES on the
flow chart of Flﬁgw4 f?*fiﬁgk |§¥btly51: gsh§£8r %ﬁgdi fgﬂ{nﬁggdlng

circuits as shown | h e curreént’ OW Vi a ranS| stor

becomes oplant isn o1 frs@raége-.en%éaﬂeﬂaOhGS'ﬁ@ Lok %S%@ndary battery 107

side, and no current in the reverse direction 1s generated. Qther- parts

are confighf eguidtidNeos AR MBHIIRYLINMS et;ﬁlFJH\@nEaé@CQj‘:di Al g /Gl prent
shown in FIG 39. Nowreferring to the flow chart of G 49, operation

when t heemboohdeany, hedites }df¥esponeiagged vhobet he Eh@r @ NavhiediighdRit of
the configuration of FIG 48 is described. In the case of this exanple, a
|'i thi um tbe danfibyyratidn tdie tmeZVZtﬂnaenlbosilmehtagaeratdéﬂtetéd sy athe
full-charge is used for the 134 ....

secondar yabat xefgramnie nﬁmﬁﬂﬂi53h@m@|h@eﬂgndehdele@fd¢$mrsm©nndamy battery

107, the lithiumion battery, is |lower than a specified volune, the
omitted.

In this example as well, the charging equipment is
designed to charge the secondary battery 107, a lithium ion
battery, and in this case, as with the case of the 16th
embodiment, in parallel with the connecting switch 11 for
controlling the application of charging voltage to the secondary
battery 107, a current detection means is provided, but in the
case of this example, this current detection means is designed
to be connected to a power supply different from the system to
which the switch SW11l is connected.

That is, to the switching transformer 104, an auxiliary
winding 104c is provided separately from the secondary winding
104b, and to one end of this auxiliary winding 104c, the anode
of a switching diode 161 is connected, and the cathode of this
diode 161 and the other end of the auxiliary winding 104c are
connected by a switching capacitor 162. And the other end of
the auxiliary winding 104c and the other end of the secondary
winding 104b are connected in common.

And the cathode of the diode 161 is connected to the
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charging control circuit 156 controls to turn on the connecting swtch
SWL1 with the connecting sw tch-8\k2 &et L.0sthe 4.2V detection circuit 111
side, and supply 4.2V to the secanﬁary° Battary 107 for charging (Step
S461). It judges whet her or ‘not'-.the’ battely lis charged to the full-charge
(or a specified capacity close to the full-charge) by detection of the
battery voltage, etc. (Step 8462) and if it judges that the battery is

full h d h f_th
S?Opycﬁaé‘é?ﬁaé o S e ransdsies: 103y U: PF | VRS 1R GHndde ng.
switch S 2 haqg; %? 16&) Jgacd%négtgﬁlOgtkgetﬁ%%%Q% 12 si de (Step

S464) . Ad condr G RE SOPPERt W n secondary

bat tery %Qanfé tefsbw e, WENBRELTUON KT cdPfedind WigEdylly the

charging control circuit 156 (St I's event, I's jud

whet her HhSeCYE M€t s Vigkates i eax Mﬁ@%%@hﬁ@étébrﬁ%ﬁ"&' iv’@éik?cclf( 15501
higher (Step S466). In this event, if it is not lower than Ix A it is

judged thAd tEdas@ivEeEWT allie @m@sm@ralsseﬁsfceﬂna@tékﬁrem Sortlend
generated, and current detection at Step S465 is repeatedly carried out.

And if thpositieatetstondds) aif $hep s8466dasyj bdgedry ol e higherredikaprd x A
(that is, the condition in which the charging volune of the secondary
battery 16§ flecreasesntantbtetdrigng current is supplied to sone extent),
after waiting for a predetermned tine (for exanple, a few mnutes to
scores of ninutedpdtbhpasel{@emcr3®s both ends, of this resistor 166 is. .
S467), it is again, udged whet her the current is the predeternlned

t hr eshol detafted mﬂ;:h tRriqQoscdFcadss) 67| andt gpsrenenloying t i s judged

not to be h| her than | A
g h the resf%tor 166 is detected. This current detectlon

data is supplied to a charging control circuit 168 and based on
the current detection data from the detection circuit 167,
switches SW1 and SW2 are controlled to control the charging.
Other parts are configured in the same manner as in the case of
the charging equipment shown in FIG. 39.

By confiqguring in this way, as with the case of the 26th
embodiment described above, it is possible to judge the
resumption of charging from the charging current, thereby
achieving favorable charging control. For charging control with
the charge control circuit 168, for example, processing of the
flow chart of FIG. 49 described in the 16th embodiment is
recommended to carry out.

Now, referring to FIG. 51 and FIG. 52, the 18th
embodiment of this invention will be described. In FIG. 51
showing the configuration of the charging equipment according to
this 18th embodiment, parts corresponding to those in FIG. 39

which shows the configuration of the 12th embodiment, are
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processing returns.to the current judgnent at Step S465. And by the
repeated current judgnment at .-Stops S468s-«if. ist is judged that the current
i s higher than the t hr eshol ¢ val mgs | X*9A, :ithe,;.connecting switch SW1 is
turned on (Step S469). In tHi.s' Bvbhi’ ...pécduse the connecting switch SW2
is set to the 4.1V detection circuit 112 side, the secondary battery 107
is charged at 4.1V. Thereafter, detection of the charging current and
resunptign of charging after a specified time passes after the detection

are rep8&RREedaPYi BB oBRME FH S HRNSD Q] Sty PR EDeRsr gehgiied carried

out. Bec use th.secondar¥ QQ tery is charged as shown in the flow chart
of FIG SCEMPERPE &ﬁa?@ Heed s favorably controlled based on the

det ecti on of theI%r%hﬁgngxgﬁééﬁr%?mﬁéifJﬂéﬁfEgﬁ%ﬁ%ﬂﬁgfﬁqké$hgngo§§ible to

c
prevent wast ef ul schar ge Secondary W th™char gi ng

st opped H%stiﬁ‘ﬁeﬁh%g'bgigr?éiE}?é'iéeéérﬁfar rb%tit%r?dqiotﬂ,oa,ﬂ?ﬁ Reidf 1S

designed to judge th he current higher than the specified current

conti nuepat@erkl ounfoinatspecédsed i Pardnd d10wieRURRCRBRRENGIAbt er
detecting the current higher than the specified value when charging is

resuned, siWiechabWely aSseetels aitonthedngdilsdng heceandeting swikded for
resum ng chargi ng; thereby proper charging processing can take place. That
i s, whenswassthadt avobhagant scuppntediindwet [li7tthilencbanebadtier yamdsbsssh
characteristics which tend to increase charging current as the battery
char gi ngonetthendete¢Bgon. data of the battery voltage detection circuit ..

. decreases, and nmaking the best use of the characteristics, resunption of
Charging1@§n°5et3606?§?%¢?ryLkﬁﬁﬁﬁry 107, a charging control circuit 172

is designed to control connecting switches SWll, SW13, and
changeover switch SW12. For the output current of the constant
current circuit 171, for example, comparatively small current
suited for trickle charging is used. Other parts are configured
in the same manner as in the case of the charging equipment
shown in FIG. 39.

Now referring to the flow chart of FIG. 52, operation
when the secondary battery 107 is charged with the charging
equipment of the configuration of FIG. 51 is described. .In the
case of this example, a lithium ion battery with the 4.2V
battery voltage at the time of full-charge is used for the
secondary battery 107.

First of all, if the charging remainder of the secondary
battery 107, the lithium ion battery, is lower than a specified
volume, the charging control circuit 172 controls to supply 4.2V
to the secondary battery for charging (Step S471) with the
changeover switch SW12 set to the 4.2V detection circuit 111

side and the connecting switch SW1l turned on (connecting switch
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Now, referring to FIG 50, the 17th-enbodi nent of this invention wll be
described. In FIG 50 show ng-tes .sopfeh gurati on of the charging equi pnent
according to this 17th enbadﬁJS;: part $**cQry.esponding to those in FIG 39
whi ch shows the configurati‘ed ‘ef” Ysat.22th°enbodi nent, are denoted by the
sane reference nunerals, and their detailed descriptionis omtted. In
this exanple as well, the charging equipnent is designed to charge the

The caseBi %%rﬁ%i%w%‘?%é o fﬁ%ﬁ%ifjﬁ@b% ?Hgtsﬁértcﬁhﬁeﬁi‘?%r%w&hn
| L h i ' [ . to.
bt tory £09r9R00kpr EpE Het RN ERTuSH Y SeBR bRl neds TR L
. . . rovt ded. BT 8
2 pover SObprs PArPrL BRI AR Fhb ) PR RRC e PR PHde (Pr0 SR 1

connect edq7hat ahg, 1£0it hes sgpircigéﬂ NGt el BE'E‘EE;:%O_%S A X hdAdg, W nding

- 104c is provided separately om the secondary w nding 104b, and to one

end of thhe auntrbdryiveath ndidd ot idcaBedaeceing sSWAtSRI s di @dge 161 is
connected, and the cathode of this diode 161 and the other end of the

auxi | i ar gownadtnggléditel eSWrdNEUHAd kyracsWotehi 8§ seppcihrgii. And the
other end of the auxiliary w nding 104c and the other end of the secondary
wi ndi ng 16#bpagé73pnnern@dther ool cAmdutiteatdoWsdehef chdwgebwsle 161 i s
connected to the 137 .... .. .... .. . . . . . . ... ... . . 0 00 000
col | ect oswatch PNP2t{ypechangriotarn tio3headdlVhdebehbiornadinfuitel 12
side (Step S474).
Under this condition, the battery voltage detected by
the current detection circuit 108 is judged by the charging
control circuit 172 (Step S475), In this event, it is judged
whether or not the battery voltage is 4.1V or lower (Step S476).
In this event, if it is not lower than 4.1V, judgment of the
battery voltage at Step S475 is continuously carried out. If it
is determined that the battery voltage is lower than 4.1V,
then, after waiting for predetermined time (for example, several
minutes to several tens of minute) to pass (Step S477), it is
again determined whether or not the battery voltage is lower
than 4.1V (Step S478). 1If it is determined that the battery
voltage is not lower than 4.1V, then the processing returns to
the decision processing for the battery voltage is step S475.
If it is determined in the battery-voltage is lower than 4.1V,
then the connection switch SW1l is turned on (Step S479). 1In
this event, the connection switch SW1ll is kept in its off-state.

In this event, because the changeover switch SW12 is set

to the 4.1V detection circuit 112 side, the constant current
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auxiliary winding 104c is connected to the base of the transistor 163 via
a zener diode 164. And the cel]8eion and the base of this transistor 163
are connected with a resistqr 165, Amd,ttrgiemitter of the transistor 163
is connected to one end (pdsiti.vk’«elecfr’ade): of the secondary battery 107
via a resistor 166 for current detection. And the voltage across both ends
of this resistor 166 is detected with a detection circuit 167 and current

fl owi th t i st 166 i s detected. is current detection data
| eupp e by AL ERBS Lt (R ESHC AL CHS A0 BhiobalBnvol FeSeus ent

contr ol | SHE3 Leb PP HAREE i FRefid it bt o, 1076 S0ERR il SBEVRRE Cane

MANNe aYd1aBeatAieval 41 1. ChAIG A aau! DIRRLCIBAMBE! PnE! Ghadfin®

configuring i I's way, as W th the case 'of the I men

above, iturycR@Sahbl feb@mpHdss dhhd RPHPHRROh QBéEgkﬂgdeQHEtééﬁses

charging current, thereby achieving favorabl e chargi ng control.

char gi ng agarirr @heWdbBect h6nCaBs deegeiiddIcagiried butfB8anfiosoeXamb®,
processing of the flow chart of FIG 49 described in the 16th enbodi nent

" is recommcndtde thacginyg dstcaboiedrefterring to FIG 51 and FIG 52, the
18th enbodinent of this invention will be described. In FIG 51 show ng
t he confi gur at i oBechusketbhasgrond&oyipratdryadcoctiamgetioast 8hewd8if the
enbodi ment, parts corresponding to those in FIG 39 which shows the
confi gur &lowncbarthef 1PIA. ehdodi fean ther set®8dary. battery.is charged
" once to the full-charge (or, the condition close to
full-charge), the switch SW1l across the charging circuit side
and the secondary battery is turned off, it is possible to
prevent wasteful discharge as with the case of the 11th
embodiment. And only when the battery voltage is detected under
this state and conditions up to Step S478 are satisfied,
constant current charging with switch SW13 turned on is carried
out, and charging by constant current can be carried out.
Because charging by the constant current is carried out in this
way, even when the secondary battery 107 or load circuit 110 is
shorted due to a certain factor, only the charging current
restricted by the constant current circuit 171 is supplied to
the battery side, and hence there is no case in which large
current flows to the battery side.
Charging processing in the 18th embodiment is described
using an example with the constant current circuit and switch
SW13 connected to the charging equipment of the 12th embodiment,

but this may be achieved by connecting the series circuit of the

constant current output circuit and switch SW13 in parallel to
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denoted by the sanme reference nunerals, and their detailed
descrlptlon is omtted. In tRhs-exarpko.as well, the charglng equi pnent is
designed to charge the seconﬂagy°battevy'TQi."a lithiumion battery, and
in this case, in parallel wi'%h Lht'cdanéltdi'ngs switch SW1, a series
circuit conprising a connecting swtch SW3 and a constant current circuit
171 is connected. And based on the detection data of the battery voltage

Circuit TH9 Eﬁﬁhtasg%ﬁ%eﬂwvo&toﬁﬁ%o‘ﬁ oehrhg. é%%i‘gﬁ%‘i‘tgf?%%m éﬁ'd
changeovese AL HAR: ES"cido A RbCHINERIT g0loLlBAOREAN BTGl

circult exanpl e, corrpara (Y urren Sul ed fOI’

e i e &“‘?h%%f' SRR B R e T

case of t arging equi prrent wn i n e flow
chart of cbhffec®2ng0d@i8éh 1 IiaN thfidiceeandany J@ﬁéﬁ%ﬁmé}@?u Sn afeged with
the charging eqU|pnent of the conflguratlon of 51 is described. In

t he casehaigthw Exangdbenedindg Hwibdhogwat t@ryumé@ ée 4.2V battery
voltage at the tine of full-charge is used for the secondary battery 107.

First of all, ifIhheachavgitige ravmiendentdondeensodntanys , kdés@riptlith the
lithiumion battery, is lower than a specified volune, the char gi ng
control chBromade diF2tbentasks wherswpalipxhduViohobateesecomdahardsat tasry f or
charging (Step S471) with the changeover switch SM2 set to the 4.2V

det ect i ohhei se@ppdany battRrunduth@eedinsst fagsawi that SW icamumsed on

(connecting_switch 139
applied to the charging equipment of the secondary battery

requiring charging at other similar characteristics. Values of
voltage, current to be charged to fuli—charge or the like, and
time to be set at the timer circuit or the like may be
appropriately selected in accord with the voltage
characteristics, etc. of the battery used, and shall not be
restricted to the values of each of the above-mentioned

embodiments.
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SWL3 is held turned off). It is judged whether the battery is charged to
the full-charge (or a specif.ed.capacity &l @se to the full-charge) by
detection of the battery volit gger. etgse+( Steep.:.5472), and if it is judged
that the battery is fully cHas'ded’ «e*th&*GOnt¥ol circuit turns off the
connecting swtch SWM1 (the connecting switch SWM3 is held turned off) to
stop charging (Step $473). And the control circuit allows the changeover
switch SWM2 to change over to the 4. detection circuit 112 side (Step
S474). Under this condition, the battery®ltage detected by the current
detection circuit 108 is judged by the charging control circuit 172 (Step
S475), In this event, it is judged whether or not the battery voltage is
4.1V or |ower (Sktep : i Wﬁﬁh:'i' it o] V,
judgnent of the &bat§g§§gﬁ%f% d%ggﬁoéiep §£§%J#éab§ﬁ??%35u£§£ %Q???gﬁiout.
LT it i gvdet 8T gbnedqgbhappl e bal tLrdedmldadgephgtbeyetot Ragedordy, then,
after waiting for prédetermned tine (for exanple, Several mnutes to

several teltagk NMoWEEEEhiR PasHrShRNL t3e’ wheht chirg@fgl GuedRt Nidethid
whet her or not the battery voltage is lower than 4.1V (Step $S478). If it

i s det er sepeddabgt babeebpt 1 erdetasiddgiriihgnehakgiag bhaspgling tdweid t he
processing returns to the decision processing for the battery voltage is
step S475irbt wbltagdetersaiddeaqondeabibteeyyvahtiagefisst oviargiran 4. 1V,
then the connection switch SW1 is turned on (Step S479). In this event,

t he connedrireAts@preassmding tem neanlys foflfyschasgedncordst iemi decause
t he changegver swtch SWL2 is set _to the 4.1V detection circuit 112 side,

t he consfanfl EaFPBARTY4pattery is detected, and = = = 00000,

a process for changing over the voltage application to
that of the first voltage when a current exceeding a second
charging current corresponding to a specified remaining battery
voltage is detected, with the second voltage applied to the

secondary battery.

2. A charging method according to the first claim
wherein the same current value is used for said second charging

current and said first charging current.

4

[ 2

3. A charging method according to claim’wherein a
temperature inside or in the vicinity of said secondary battery
is detected, and

the application of said second voltage is changed over
to the application of a third voltage of the potential across
said first and second voltages in place of changing it over to
said first voltage when the detected temperature exceeds a

specified temperature.
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e e e e e e e s e out put by the
constant current circuit 17k.at.sd &V.voltage is supplied to charge the
secondary battery 107 until:thepattery *waltage achi eves 4.1V. Thereafter
detection of the charging %Guttehl.«.dre’r'esunpti on of charging after a
specified tine passes after the detection are repeated carried out, and
so-called trickle charging is carried out. Because the secondary battery
is charged as shown in the flowchart of FIG 52, after the secondary
battery is charged once to the full-charge (or, the condition close to

full-ch , th it ch SW1 h i i i i dth

o onones 92): (L5 Suh EPaBbdy MROARS, SCENGH 08 B0SH 8 SUlEce B0

di schar g%hﬁ.‘?d%&ftggg £83 i1 dib%sﬁfﬁ} Rha% BdELHEgEcoﬁg%‘?Qﬂys%“ the
under h ate and con

battery voltage 1s detecte iS's itrons up to Step
SA78 aregsabbgbiefempEPsiant current charging with switch SW3 turned on
is carried out, and charging by constant current can be carried out.
Because charging by the constant current is carried out in this way, even
when the secondary battery 107 or load circuit 110 is shorted due to a
certain factor, bunlyatdieacdibnginme:od loamiprikséngr acpedchbyst her censiqitig
current circuit 171 is supplied to the battery side, and hence there is no
case i n whechthargeltaye rapplifdows saidheebantiery satieerhiar gilng gecatelssi ng
in the 18th enbodi nent is described using an exanple with the constant
current ¥pitage hewesvihamh tlgnsichdiastedol baghevhenrighadoathsmirent of the
12t h enbodi nent, but this nmay be achi eved by connecting the series circuit
of the ¥ehsedatotursaid spagidany bagteryndssdpteatetnenile phanqidg t o

said secohdary battery by applying the first voltage and a
specified voltage corresponding to the nearly full-charge state
of the said secondary battery is detected, and

a process for changing over to application of said first
voltage when a specified charging current is detected with this

second voltage applied to the secondary battery.

6. A charging method according to claim 5, wherein the
application of said second voltage is changed over to the
application of third voltage of the potential between said first
and second voltages in place of changing it over to application
of said first voltage when temperature inside or in the vicinity
of the said secondary battery is detected and this detected

temperature is a specified temperature or higher.
7. A charging method according to claim 6, wherein said

third voltage is continuously changed in accord with the

detected temperature.

144



141 . . . . . the connecting switch SW1
of the charglng eqU|pnent fnonxbheu 18bh-enbod|nent to the 17th enbodi nent
descri bed above. For the cpntrol:oft thPSnGBSB, only when trickle charging
is resuned, the connecting.SMILCh SW3 ‘is6” t lirned on, and when ot her upon
ot her charging, the connecting swtch SW1 is turned on. In each of the
above- nenti oned enbodi nents, description is nmade on the cases when a
lithiumion battery is charged as the secondary battery, but needless to
say that it can be applied to the chargi ng equi pnent of the secondary

Vol 1age, current oo BccRRaTpRY Teriiay ?%o?wﬁ%@%g?%a‘éﬁgﬁle%é Fh AR o

set al (DRt OFLAEiRFULLr QLo I | AP ATRY chE oRRBEOBRGALE! éﬁi@ﬁ‘jﬁgand

accord vol tage aracteristics, etc ery use

shal | noholifs £83!Ebftedhthg Neatal Uei %ftof,ae@ 9hpphg a@oaecﬂ&fqir@ed

enbodi nent s. char gi ng hod

conpri si pawarp59§§§§ £9ra Cé@éts}ldu}: %éﬁ;rte&yvgh:t age F@Eéh@ﬂaioaé’réﬁél%‘r@ry
battery to a second voltage Iomer than a first voltage when charging

current eadsahd tEeceothier Yelbidergaic séebadhed ButtagyCchatli Ngvbyoiapie/i ng
said first voltage to said secondary battery and a flrst charging current
corr espontangihg powenrsypply |fed har gad dcsedbhidanyobattesynj casd@condary
battery is detected, and a process for changi ng over the voltage
application to a process for turning on said switching means based on

this detected potentiai, and at the same time for starting

charging to said secondary battery with the charging power

supply to be fed to said secondary battery designated as a

specified potential.

9. A charging method according to claim 8, wherein a
field effect transistor is used as said switching means to
increase the impedance across one end and the other end of said

field effect transistor and to detect said potential.

10. A charging method according to claim 8 wherein the
potential of said charging power supply upon detecting said
potential is set to a value in the vicinity of the lowest

required voltage for controlling said switching means.

11. A charging method according to the claim 8, wherein
the potential of said charging power supply is raised in accord
with an increase of the potential across one end and the other

end of said secondary battery after the start of said charging.
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that of the first voltage when a current exceeding a second charging
current corresponding to a speckd. ed sHemni.ning battery voltage is
detected, with the second v@l ttage -ap:oqwgg} {o.:the secondary battery. 2. A
chargi ng nmet hod accordi ng t&8.d&'Me.“fYlsSdaetial me wherein the sanme current
value is used for said second charging current and said first charging
current. 3. A charging nethod according to claimwherein a tenperature
inside or in the vicinity of said secondary battery 1is detected, and the
application of said second voltage is changed over to the application of a

third vol t age pféEheApghgrélgg§§?Q%$§ Id]%%ge gd segoggpég%iggtgein

pl ace of changi ng~ir't “over irs

t t d A
enpera 56%eﬁ¥§§§ 8faségﬁc%%éngéfﬁgﬁﬁodggggg&d?ﬁg ﬁgnggaln13 mhereln sald
thl rd vob&a&smxceﬁts@&eé@la/n&f@d&%ééa 30 Qb oWt t}lﬁﬁl Qn ﬁﬁ £6488 of

t enper at ur e char gi hg net hod conprising a process angi ng over

the voltage pepbhefaloasibss SEEONA Yarkatther brhert Bﬁdséﬁoﬂﬂe Y& SR+ over
than the said first voltage when the battery voltage of said secondary

battery batdergcaetenhsd adteaiitgy eajithssecondary battery by applying the
first voltage and a specified voltage corresponding to the nearly
full-charge state of the said secondary battery is detected, and
13. A charging method according to claim 8, wherein the
potential of said charging power supply when said potential is
detected is lowered to a voltage below the minimum required one
for controlling said switching means, and
at the same time said charging power supply is
accumulated by a charge-storage means, thereby securing a

potential required for carrying out a corresponding control by

said switching means.

14. A charging method designed in which after charging
is stopped when a nearly full-charge state of a secondary
battery is detected,

when said secondary battery is detected to achieve a
specified electrical state,

charging of said secondary battery is restarted after a

specified time passes from this detection.
15. A charging method according to claim 14, wherein

said specified electrical state is detected by detecting that

the battery voltage of the said secondary battery lowers by a
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a process for changing over to application of said first voltage when a
speci fied charging current i& de&ect ad.misbhsthis second voltage applied to
the secondary battery. 6. Aichargiing *seihregds according to claimb5, wherein
the application of said setafd.vdki*age %es® cllanged over to the application
of third voltage of the potential between said first and second voltages
in place of changing it over to application of said first voltage when

tenmperature inside or in_the vicinit of the.,said secondary battery is
det bct el BRETTAPS Yol We RAP™ (orHooi s D SotACEhAF oty oYpbrad s s
higher. 7. A charging method according to claim6, wherein said third

vol tage Is”continuously changed in accord with the detected tenperature.
144 .. ... . ... IS oL oL e

.« .+« .. .. ... .. . 8 Acharging nethod conprising a process for
detecting the pegenii@ha ixﬁ%@d??o&%@c@&@ih@etet Begifnfs of yReM 4 chi ng
means for controlling start and stop of supply of a charging power supply

to a _secgaﬂar%p@@ﬁﬁé& Sleddiei O @bital i8CHE86CcLEE bNndewstk iy tHaer end
of said secondary battery with | owvoltage charging power supply fed to

sai d secehdabytbaiy evyl tagsl edquneeeas spet iftiedi wgl bags af tom v twedlivagigreans
based on this detected potential, and at the sanme tinme for starting
char gi ngvabusawiltk etclom darqurshitite ppteintth athefchaigi secpndery Ispmny tsetbe

fed to said secondar(%/ battery designated as a specified potential.
as a standard.

17. A charging method according to claim 14, wherein
said specific electrical state is detected by detecting that a
charging current becomes a specified value when a specified

voltage is applied to said secondary battery.

18. A charging method according to claim 17, wherein
said specified voltage is a voltage lower than a charging

voltage of said constant voltage.

19. A charging method in which an electrical condition
of a secondary baftery is detected every time substantially a
specified time passes from the time when a nearly full-charge of
said secondary battery is detected and charging is stopped, and
charging'is restarted when this detected electrical condition. is

a specified condition.

20. A charging method according to claim 19, wherein

charging is restarted after a specified time passes from the
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9. A charging nethod according to claim8, wherein a field effect
transistor is used as said swiéehingssmane sto increase the inpedance
across one end and the ot hey ﬁnd.pf:s&i.d“.f:i.w d effect transistor and to
detect said potential. 10. %A.thal Yi.Ag~sM8idlods according to claim8 wherein
the potential of said chargi ng power supply upon detecting said potenti al
is set to a value inthe vicinity of the lowest required voltage for

controlling said swtching.peans.. 11. A chargi.ng.nmet hod_.according to the

o ai m 8, WG BhAn" Fhe PBrEhTar SHeH{FnaParty ihhver SRERTPSTs raised in
accord wth an increase of the potential across one end and the other end
of said secondary battery after the start of said charging. 145 .

I S LA\ o ) : . :ha Lng d
according to cla?n18, ﬁﬂgfg%ﬁgt%%Fh?&nﬁﬁﬁ?ﬁﬂl%%1%%F§ag a?gingh%gégg supply

i s changedteltdonPhiyr mhiid YoRf tfd @4 THNG iAC caRSRALI Bx86685 da“é;%é’b?f&ed
increase of the potential across one end and the other end of the

secondar yalbat whey ehéesasai chahpig vplregiensr d3voltabar Uower netided
according to claim8, wherein the potential of said charging power supply
when sai éafjdt ehtirglingsvoltedgetisl dppliewketed shddaseobhdgeybeabrveihefdi ni mum
required one for controlling said switching neans, and at the sane tine
sai d chatyiendepentiosuppl yaid sparfmddedecty igadhapgditionage neans,
thereby securing a potential required for carrying out a correspondi ng
control by said switching neans. 14. A chargi ng nethod designed in which

after charging . . . .
22. A charging method according to claim 19, wherein

detection is made on that a battery voltage of said secondary
battery attains a specified voltage for the detection of said

specified electrical condition.

23. A charging method according to claim 22, wherein
when said secondary battery voltage does not attain the
specified voltage and charging is not restarted,
at least an energy required for detecting the battery voltage is

charged in the said secondary battery.

24. A charging method according to claim 22, wherein
detection is made on that a voltage lowers from a voltage set by
said charging voltage designated as a standard by a specified

value for detection of said specified voltage.
25. A charging method according to claim 22, wherein

detection is made on that the battery voltage attains the

specified voltage value from a voltage set with the grounding
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is stopped when a nearly full-charge state of a secondary battery is
detected, when said secondary battery..is.defected to achieve a specified
el ectrical state, charging of :sai d geecondary .battery is restarted after a
specified time passes from thrs,.deteqti'on.* 1%. A chargi ng nethod accordi ng
to claim14, wherein said specified electrical state is detected by
detecting that the battery voltage of the said secondary battery | owers by

a 146 ) specified value froma voltage wiith said chargin

Vol t age Betential of ;fwtd FeoRndaxy. hatdery ferhoRatedor e FARSAId d9h 14,
wherein .spaid specified.electrical,state is detected by detecting that the
battery 9%??35%836%%H%%1 %ﬁﬁﬁﬁéﬁ%ﬁjv g%?gﬁé froma volgage valug with the

groundi ng potential of said secondary battery set as a standard. 17. A
chargi ng nmet hod according to claim 14, wherein said specific electrical

state i s det ect edgbyy deh 265109 diod? colp2ighing §UpEEBbsBeES TR o) { i €

val ue when a specified voltage is applied to Sald secondary battery. 18. A

char gi ngafieéheet 2681 ot 1101 il JfMal EecwhheiNbatebfyspasafied voltage is a
voltage | ower than a charging voltage of said constant voltage. 19. A

chargi ng net hod anpwbéess aforelRelidditiale1§08dbbl9ing0s AiBEEOVSBEYgdDAREIY IS
detected every tine substantially a specified tine passes fromthe tine
when a nesacopdfubltaparge fid sscdnslacgntlatyebat ieryceordetich echeand
charging is stopped, and
detected electrical condition, and
for carrying out ON/OFF control of application of a
selected voltage to said secondary battery in accord with said

detected electrical condition.

27. A charging method according to claim 26, wherein
after said first voltage is selected and applied to charge said
secondary battery when a charging voltage of said secondary
battery is lower than the specified value by the detection of
the said electrical condition, and

the secondary battery is charged with application of
this voltage to said secondary battery turned off with said
second voltage selected when said secondary battery is judged to
be charged to a specified value by the detection of said
electrical condition, and

the seqondary battery is charged with the application of
said second voltage to said secondary battery turned on when the
secondary battery voltage is judged to be lower than said second

voltage.
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charging is restarted when this detected electrical condition. is a
specified condition. 20. A chargi.ng. ngthqd according to claim19, wherein
charging is restarted afterfa}spééiﬁﬁed_pkpp:passes fromthe 147 . i
ti me when the specified.electci‘cal® gondistion is detected. 21. A
chargi ng net hod according to claim 19, wherein detection is nade on that a
charging current exceeds a specified value when the said charging voltage

Itage | th i.d char gi ltage i lied to, d_ .
secondary bat t er ¥ &rof PRE BPeREF BRI Gt TP AR bidor MPERP D it

condi tiong g, nAi%h?L%?"ﬂggg‘ét {:‘Rgta Qr%i(}ga & 4 ﬁio@}e%gtp eLgin sdebggtion

is made on that a ba ry-vol tagé of sai condary “battery arttarns a

specifieqmﬁg%&@gea Qhint BE gegﬁgéiﬁfe@ft L 4, 300G i3 djﬁ&ﬁghrgﬁaiagst

condi ti on. A chargi hg method according to claim 22 erern en said

secondar ¥, Ra! @y okt 388 H88Si80ioRbt AlKhd Ri P %%féiofnide@o‘i‘élabég%o?‘j@d e
charging is not restarted, at |least an energy required for détecting tThe

battery wHdtageilds se@:bﬁ_ﬁg@g bat t8ey Seb Tk £Re andaowdiathany sa2d. séc6h@r gi ng
met hod according to claim22, wherein detection is nmade on that a voltage

| owers f r@bhtageql tage set by said charging voltage designated as a
standard by a specified value for detection of said specified voltage. 25.
A charging nmethod according to claim?22, wherein detection is nade on that
the battery voltage attains the specified voltage value froma voltage set
with the groundi ?§-148charging method according to claim 27, wherein it

is when it is judged that the secondary battery voltage is a

third voltage lower than the second voltage to apply said second

voltage to the secondary battery for charging.

30. A charging method according to claim 27, wherein the
potential difference between one end and the other end of a
switching means for carrying out said ON/OFF control is detected
to judge that said secondary battery voltage is lower than the

second voltage.

31. A charging method according to claim 27, wherein
judgment is made on that said secondary battery voltage is lower
than said second voltage when current of said secondary battery
is judged to be lower than a specified current value when

voltage application to said secondary battery is turned off.
32. A charging method according to claim 27, wherein the

potential difference between one end and the other end of a

switching means for carrying out the ON/OFF control is detected
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standard for detection of sai d.specified.vpltage. 26. A chargi ng net hod

.* so 0 potential of said secondary battery designated as

conprising a process for defegti4ld Eén-ehepQQical condition of a secondary

battery, and a process for selectively.suppl¥ing a first voltage and
second voltage to said secondary battery in accord with the detected
el ectrical condition, and for carrying out OV OFF control of application of

a

sel ected voltage to said secondary battery in accord with said detected

el ect ri cyheBoRaiti 8RCODIAT BRI §WHEIdd 18c d6F8FnEhaB 21 8PeF Pliedwher ei n
after said first voltage is selected d 3§plieg to caarge said secondary
ﬁg v, 9 t 8 9op a

battery GHERSRtCWAPBi
t he specifi
the second

VORR et oo 4 G3Gar9 5B

condi ti on,

ery - 1s char ged i Ca v

app

¥Hwer than

oo R | AP g S 3R SeBbRLELCalyeary on, o

and

secondar¥ogg% 8r Yst v50EL @ggnvgéﬂ%g%%gnuﬁggggggggltage sel ected when said

secondary

ery is judged to ar ge speci fied val ue by the

detection of said electrical condition, and the secondary battery is
charged with the application of said second voltage to said secondary

than said second voltage. 149 28. A chargi ng net hod
accor di nght@gtéhgi i1 2ger fbemed nwith the application of voltage to said

secondary battery turned on with said first voltage selected
when a charging amount of said secondary battery is judged to be
lower than a specified value,

the application of the voltage to the said secondary battery is
turned off with the said second voltage selected when said
secondary battery is judged to be charged to a specified value,
and

said second voltage is selected to perform the charging with the
application of the voltage to the said secondary battery turned
on when the current flowing through said secondary battery again
at least after a specified time after the current flowing
through said secondary battery is judged to be a specified value

or lower with the secondary voltage selected.

34. A charging method according to claim 33, wherein a
current flowing in a current path connected to the said
secondary battery different from a current path fed to said
secondary battery via a switching means for carrying out the
said ON/OFF control from a means for supplying said first and

second voltages is detected for detection of the current flowing
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is when it is judged that the voltage is |ower than said second voltage,
again in a specified tine afteruut.ts Ludged at least once that the
voltage is lower than said Segonq: sv@lseage-10.j udge that said secondary
battery voltage is |ower than* sarrd. secornd. 'voltage 29. A charging nmethod"
according to claim?27, wherein it is when it is judged that the secondary
battery voltage is a third vol tage | ower than the second voltage to apply
sai d second v % secondary battery for charging. 30. A charging
met hod a&Cofait gS?§°B AFM At Sherein the potential difference between one
end and the other end of a smntchrng means for carrying out said OV OFF
control is detected to judge that said secondary battery voltage is |ower

than the second, 30'5a9§ar§1n?ﬁg§@@%,gﬂﬂgconﬁgftgp%ﬁ 2Ji"g 6t O ﬁ£9é9527

wherein judgnent is ma y battery vol ¥ age 1s | ower

than sai ctﬁeeoaﬂaveé&es& mftbmg ‘?ﬁgarfg \A%I%%aaeatx BQESFié(l ds$ 4 udged

to be lower than a specified current val ue vol tage application to

sai d secapdacyihagt hehdsi soteaned Qld .sa3d ofv/orer gbRgr8et hod according to
claim?27, wherein the potenti di fference between one end and the ot her

end of a smntchangoﬁeaaﬁtf@ﬁrﬁ@mfyigmsupﬂlﬁduaﬂaW%@EFse@6h60bwt§cd§ﬁ§Cted
o0 o ﬁeans, whenas charged vmﬁumesnﬁ(iheesendadyryaDHEtgryui$ejudgéﬁI over
than a specified
to be lower than a specified volume, the secondary battery is
charged with the first switching means turned on and the second
switching means turned off under the condition in which the
first voltage is selected,
when a charging volume of the secondary battery is judged to be
a specified volume, the first and the second switching means are
turned off with the second voltage selected, and -
when the secondary battery voltage is judged to be lower
than the second voltage with the second voltage selected, the

second switching means is turned on to supply said constant

current is supplied to the secondary battery for charging.

36. A charging equipment, comprising a first voltage
feeding means for feeding a first voltage to a secondary
battery,

a second voltage feeding means for feeding a second
voltage lower than the first voltage to the secondary battery,

a current detection means for detecting a charging
current to the secondary battery, and

a control means for changing over the supply by the
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current when the application of voltage to said secondary battery is
turned off to judge that said secondary.battery voltage is |lower than said
second voltage. 33. A chargtng netthad- ~acoer disng to claim26, wherein
charging is performed with thé appli‘catiqp® off voltage to said secondary
battery turned on with said first voltage selected when a charging anount
of said secondary battery is judged to be lower than a specified value, the

applicatlon e vol to the said sec ndar batter turned off

o Th e faie§ velbAtSy %r?ib%ggeraera i HEm EhgasuRbty, Dy atbergrodnd
dged t e, d | .t

Lo oot ed YA EagPr EPRAIRY nfalEiiner o o Tt assBRtaRh ERSBEER Y Ve age o

the saidcgpes p@aaxtgamﬁy,{ré#we% M%&Wg ELEPLnL! QULOG, 14 ouah sald

secondary ery agarn gast after a speci current

flowi ng Hhreeel §af§r§€c&?%fn€%&ﬁféhﬂ Tortdg enhen €t RBEF n%l ed val ue

or lower with the secondary Vvoltage sel ected. har gi ng t hod

accor di ngutl@-ehakfe33chadhiSh Iy ao A %‘éfcofnld@\ﬂynﬁatﬁei‘ CusT ERAngad Nover
connected to the said secondary battery different fronra current path fed

to said fzemonHaryibsttesytaga fealiidg Mddgsmeanshbose68hayvoDtayd the said
ON OFF control froma neans for supplying said first and second vol tages
i s det ectfeedfiog neapstiand oit ttlee mameentinf,owheg tbé current detection .

..... to said secondary battery. 35. A
chargrngmﬁenﬁodeaééesdan@urtﬁmﬂeﬂXﬁeaﬁlnﬂugha gecond charging current

with the second voltage fed to the secondary battery from the
second voltage feeding means by this change-over, the supply is

changed over to that by the first voltage feeding means.

37. A charging equipment according to claim 36, wherein
the first charging current is set to the same as the second

charging current in value.

38. A charging equipment according to claim 36,
comprising a third voltage feeding means for feeding a third
voltage of a potential across the first and second voltages to
the secondary battery, and

a temperature detection means for detecting temperature
inside or in the vicinity of the secondary battery, wherein when
a detected temperature exceeds a specified temperature the
second voltage feeding means is changed over to the third
voltage feeding means in place of the first voltage feeding

means.
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first and second switching nmeans are provided in parallel as a swtching
means to carry out said OV CkF.eentral,. a.constant. current is supplied to
the second switching nmeans; wheriaichgriged: vol ume of the secondary battery
is judged to be |Iower than*a®spécifi.ect \«of upe, the secondary battery is
charged with the first switching neans turned on and the second sw tching
nmeans turned off under the condition in which the first voltage is

sel ected, when a chargi ng volune of the secondary battery is judged to be

a specified volume, the first and the second sw tching neans are turned

Vol tage 15 | udgen (ot eeoeitd TP ort SeBTR-bar ERCERRERL Y naveEidimy

vol tage i s judge e second v age w

vol tage §gLe6hefunt 61 t55S YW thy tt%mfagvgﬁg%i gg%&mﬁ@ghé o supply said R

constant curreht is supplied to the secon ter or charging. 36.

char gi ngc8HYE REBAS 1y CONPRdSd Nith AddIrS wieh! defipet 808 WsBANd Yy frerdi ng a
first voltage to a secondary battery, a second vol tage feedi ng nmeans for

f eedi ng BefpepRturdalidege: ioaleadnan the first voltage to the secondary
battery, a current detection neans for detecting a charging current to the

secondary battery, and a control neans for changing over the supply by the
152 / first voltage feeding neans

to and fromthe $0pphychyr¢imy ssponorentgl cegprieedgng fikass wekteheon t he
detection results by the
feeding means for feeding, a first voltage to a secondary

battery,

a second voltage feeding means for feeding a second
voltage lower than the first voltage to the secondary battery,
a current detection means for detecting a charging current to
the secondary battery, |

a voltage detection means for detecting a secondary
battery voltage, and

a control means for changing over the supply by the
first voltage feeding means to and from the supply by the second
voltage feeding means based on a detected result of said voltage
detection means, wherein when a specified voltage corresponding
to a condition in which the secondary battery is nearly fully
charged is detected by the voltage detection means, the supply
to the secondary battery is changed over from the first voltage
feeding means to the second voltage feeding means, and when the
current detection means detects a current exceeding a specified
charging current with the second voltage supplied from the
second voltage feeding means to the secondary battery, the

supply is changed over by the first voltage feeding means.
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current detection nmeans, wherein when the current detecting detects a
first charging current corresponding.ta nearly full-charge, the supply to
the secondary battery is changed,pvdi.. fikomi the first vol tage feeding means
to the second voltage feedl.ny aeans..and.sat:the sane tine, when the
current detection neans detects a current exceeding the second charging
current wth the second voltage fed to the secondary battery fromthe
second vol tage feeding neans by this change-over, the supply is changed

over to that by the first voltage feeding nmeans. 37. A charging equi pnent
di t | ai,m 3§, ' the first chargi t i to th

Same as the secotd” GhSFATAG BuPRarRnrh At gy €R ERS GLAGGR0 pront
di l.ai 641 s { Sl i I f N :

Aocor ! Mchaah 1000 06 £400 AeddVf il 26! PELOR,TE S 8"

vol t ages i talglee o RRIBLY REL A £ Yor Y id %’H%‘%&a%pﬁfﬁg%ﬁﬁtiﬂi‘tﬁ Sed or

detecting tenperature 1nside or in the vicinit e secondary battery,

wher ei n whehseaodahegt BAtterperatdr e exceeds a specified tenperature the
second vol tage feeding neans Is changed over to the third voltage feeding

means in place ofa thepbirastirvoléeget {eedidiths MaANGetd28ing: a
39. A charging equi pnent according to claim 38, wherein the output voltage
of the thiempevaltuizgeihetdenor nbmnshe sricdionittynodushy sbaogedry nbaeceoryd, wi t h
tenperature detected by the tenperature detection neans.

wherein when the detection temperature of said temperature

detecting means exceeds a specified temperature, the voltage
feeding means is changed over to the third voltage feeding means
in place of changing over from the second voltage feeding means

to the first voltage feeding means.

42. A charging equipment according to the claim 41,
wherein the output voltage of said third voltage feeding means
is continuously changed in accord with the temperature detected

by said temperature detecting means.

43. A charging equipment, comprising a power supply
circuit for feeding a specified charging power supply to a
secondary battery,

a switching means for controlling start and stop of
charging connected across said power supply circuit and said
secondary battery,

a detecting means for detecting a potential across one
end and the other end of said switching means or a potential

across one end and the other end of the said secondary battery
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40. A charging equi pnent, conprising a first voltage feeding neans for
feeding, a first voltage to a.secondat% bajtery, a second voltage feeding
nmeans for feeding a second °vplbageoloweh-than the first voltage to the
secondary battery, a curreht’tasteécti.on ‘gerans for detecting a charging
current to the secondary battery, a voltage detection neans for detecting
a secondary battery voltage, and a control neans for changing over the

supply b i rst oltag feedln neans to_an mthe s by the
second g’&FF‘a@ei?@e‘dﬁ’ a?r%a‘ﬁéa 6’I’1’e§ ﬁBPBt]:Yegeﬁie T %ﬁ‘lieﬁ‘ﬂy%l t age
detection wher en a specified voltage corresponding to a
condi ti oY gﬁiXh?%ﬁc?ﬁ §¥§%ndary battery is nearly fully <charged is

d db h i
bat tory i o) changadeBaagifE SEH 0 TR, oot <2y, LAatAERd FONIRY oc one
vol tage £gedhR9r{EBRste ndﬂmrg&ﬂae svﬁ"l{rc'h‘iﬂb ﬂsgﬁgt é@a&% B &S g @

current exceeding a specified <charging current wt e second vol t age

suppl i edtheopbibgtigsecaebvdd age Sardiiegcteans ﬁl@aﬁ@ea§eﬁe9ﬂ£jae[§’ dritery,

the supply 1s changed over by the first voltage feeding neans. 154 ...
.output voltageld¥ .satld pdwiiasgippdyeqitpaeot see ceos t NEpddd ik clai m

40, conprising a third voltage feeding neans for feeding a third voltage
of the ppbeabtaalacross the first and second voltages to the secondary
battery, and a tenperature detection neans for detecting a tenperature
inside or in the vicinity of the secondary battery,
44. A charging equipment according to claim 43, wherein

a field-effect transistor is used for said switching means, and

a potential is designed to be detected by the said detection

means by increasing an impedance value across one end and the

other end of the field-effect transistor.

45. A charging equipment according to claim 43, wherein
the output potential of said power supply circuit when detected
by said detection means is set to a value in the vicinity of the

lowest voltage at which said charging control means operates.

46. A charging equipment according to claim 43, wherein
the output voltage of said power supply is increased with an
increase of the potential across one end and the other end of

the secondary battery after the start of charging.
47. A charging equipment according to claim 43, wherein

the output voltage of said power supply circuit is varied in a

plurality of stages in accord with an increase of the potential
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wherein when the detection tenperature of said tenperature detecting neans
exceeds a specified tenperatures..the.val tage feeding neans is changed over
to the third vol tage feeding freans Eﬁﬁ.ﬁkqpﬁgpf changi ng over fromthe
second vol tage feeding neans.'ta*the.li’rst* vol tage feeding neans. 42.- A
chargi ng equi prent according to the claim4l, wherein the output voltage
of said third voltage feeding neans 1is continuously changed in accord with

the tenperature detected _ by said tenperature detecti neans, 43.
Cher of o SgaEREohe! SR8 na o Ulhd e T S Ao e e P ¥ fer

specifie har ging power_supply to a secondary battery, a sw tching neans
for cont%gﬁlsﬁgrgtggtc ﬁﬂg%ﬁgb of chargi ng connected across said power

supply circuit and said secondary battery, a detecting neans for detecting
a potential across one end and the other end of said switching nmeans or a

Egge”“ al acrosggong endrgifgt&§ubhest %&o@di&@et%abﬁaiﬁcgmﬂgﬁﬁgeia@iﬂ ery
| ow-vol t agenaigedi N8af0¥esr s§@PRhdadLd d (IMnRitddPaRRbssSHRPE Yp&kd£Ui t, and
a charging confrol neans for starting charging to the secondary battery

W t h sai guppfiliycbirguitaasndt s dciirdiaredontrolhrepatenahal detected by
said detection neans as well as the output voltage of said power supply
circuit set to athpeoutpetl ppoertiahlof 44hidApowargsogpégucpreait aelest di ng
to claim43, wherein

detected by said detection means is lowered to the minimum

voltage at which the charging control means lowers.

49. A charging equipment, comprising a constant-voltage
means for feeding a charging voltage to a secondary battery,

a battery condition detecting means for detecting a
condition of said secondary battery condition,

a charging condition means for controlling charging by
the constaﬁt—voltage means, and

a timer means.which operates when said battery condition
detecting means detects a specified condition of said secondary
battery, wherein when a specified time passes from the start of
operation of said timer means, the charging control means is

designed to start charging by said constant voltage means.

50. A charging equipment according to claim 49, wherein
said battery condition detection means is designed to detect the
condition in which the secondary battery voltage attains a

specified voltage.
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a field-effect transistor is used for said swtching neans, and a
potential is designed to be .detactad h¥ the said detection neans by
i ncreasi ng an i npedance val yie: ac( §sg *eng-erids and the other end of the

field-effect transistor. 45..A'Gh&sgi.ng ‘equi pnent according to cl aim43,
wherein the output potential of said power supply circuit when detected
by said detection neans is set to a value in the vicinity of the | owest

| t at mhich aid charqgin control means erates A _chargin
\elgui g?rgnt accor dP g CE BQqWee'ﬁ actor?éfdg'ﬁ’tgpﬁ‘f’ 9&Ptlgfgégofw}§‘g %I%E)ower

i f al d
fEE"L?h;%aelﬁéﬁgﬁ%g?xﬁ%éﬂ%%‘ﬁa%éSé% Sl g ke Bbb Sop8l] E8raPhtcE the ™
char gi ng gauii E%Ht iRCHRIGh Y érpaxféeig{qnc%%re\q%u %bcamghg Qyéeﬁlg&'&@:ﬂf‘e of

sai d power supply circuit is var raltfy o ages I n accord

with an iMeneahe Qﬁeébflé@tﬁﬁiﬁéﬁe £§5(¥p11ed to the above9%8condary -
..... . . across one end and the other end of said secondary

battery @ateérythe start of charging. 48. A charging equipnment according to
claim43, wherein a charged | oad storage neans is connected across said
power supply circuit and said charging control neans, and the output
potential of said power supply circuit when detected by said detection
means i s | ower ed52e Rhehargingnequwipnege aatcondinky thecthamgidg wiosmte ol
means | owers. 49. A charging equi pnent, conprising a constant-voltage

means foR fesdtagtavehbage ntey duaxghargiadsdovrdarhapasasd ycharging

voltage 1is designed to be fed as said constant voltage means,
and this constant voltage for pre-charging is used for a

specified voltage applied to the said secondary battery.

53. A charging equipment, comprising a constant voltage
means for supplying a charging voltage to a secondary battery,

a battery condition detection means for detecting a
condition of said secondary battery,

a charging control means for controlling charging by
said constant voltage means, and

a timer means for operating when said battery condition
detection means detects a nearly fully charged condition of the
said secondary battery, wherein said charging control means
allows the said battery condition detection means to detect a
condition of said secondary battery every time nearly a
specified time passes from the time when said timer means begins
to operate, and when this detected condition falls in the
specified condition, charging by the said constant voltage means

is restarted.
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a battery condition detecting neans for detecting a condition of said
secondary battery conditionw.g,changLng ¢ondition neans for controlling
charging by the constant-vpljagé:meansi-and.a timer neans which operates
when said battery condition..taLetiirng means: detects a specified condition
of said secondary battery, wherein when a specified tinme passes fromthe
start of operation of said tinmer neans, the charging control neans is
designed to start chargi ng by said constant voltage neans. 50. A charging
equi pnment according to claim49, wherein said battery condition detection

reans 1 st aned ! opdeheel e ERRHLAL 0t ol DaTRCRINC R T

vol tage attains a "specl

Coe : ) rQ (We]eq=y My cl ai m 49,
wher ei n cgglrglggt kt)%rgh%o%%r?ﬁ%lﬁt é;elfle% o#%%égnggi geggg?{éggd%%g%e% ect the
condi ti 08pkB i ¥hEAN: BnE NSE LY L e bRl BBed Eﬁgcgﬁééﬁfy%%@m}?& he
specified voltage is applied to the above secondary battery. 52. char gi ng
equi pnentisageeedtsg.t o claim 49, wherein a constant voltage for
pre-charging | ower than said charging voltage is designed to be fed as
said constant voltage neans, and this constant voltage for pre-charging is
used for a specified voltage applied to the said secondary battery. 53. A

char gi ng equi prehb, Boohargimg egquipmsEEntaccoirdagg toeahaihos3 supipdyeig a
charging voltage to a secondary battery, a battery condition detection
means fofaddt bettagycondition detection means is designed to detect
that the charging current exceeds a specified value when said
charging voltage or a voltage lower than this charging voltage

is applied to the said secondary battery.

56. A charging equipment according to claim 53, wherein
said battery condition detection means is designed to detect
that the battery voltage of said secondary battery attains the

specified voltage.

57. A charging equipment according to claim 56, wherein
at least an energy required for detecting a batterylvoltage is
charged in said secondary battery by the control of said
charging control means when said secondary battery voltage does

not attain the specified voltage and charging is not restarted.

58. A charging equipment, comprising a first voltage
supply means for supplying a first voltage to a secondary

battery,

a second voltage supply means for supplying a second
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condition of said secondary battery, a charging control neans for
control ling charging by sq}d.aopsLangvoJLage means, and a tinmer means for
operating when said battery: cond]{i &me+ detdciion nmeans detects a nearly

fully charged condition of the'..sa.0.8¢condayry battery, wherein said
charging control neans allows the said battery condition detection neans to
detect a condition of said secondary battery every tine nearly a

specified tinme passes fromthe tinme when said tinmer neans begins to

oper ate. VRHFARRONOUAT s ChRR Rt 4 HURRR (1A K9 Fer RECOBRRER bastery,

condi tion, chargin he said copstant voltage neans, is.restarted. 158
54. A charging e&ugﬁgéﬁ%lgec%?%P% o T3NS OVie FeCRATIAREGVRLERTS t he
const ant Lt.age [ cifl.edct] S fromthe
e neAtPassdoelrenta! Secmiaty Sl e BN ELLTE, 285 8 ol
accor di ngch@agkakippBy WBgR&I N said battery condition detection nmeans is
desi gned to détect t%at the charging current exceeds a specified val ue

when said charghngwyebhaflg Réafs VA ane dMMRonitha 1tiAgs taBakghNdc¥ Pl dRge
is applied to the said secondary battery. 56. A charging equi phent

accor di ngft @hel autiph8, voleage rof saidl fiatsteoy eesdnti 0o1dageciugpyreans is
designed to detect that the battery voltage of said secondary battery
attai ns meansspetetted byl sand. sdlectAarhaeginsg tequhpneatoadasy dbargedy cl ai m
56, wherein at least an energy required for detecting a battery voltage is
a detection means for detecting an electrical condition
said secondary battery, and
a control means for controlling the selection with said
selection means and ON/OFF control by the said selection .means

in accord with the condition detected by said detection means.

59. A charging equipment according to claim 58, wherein
when said control means judges that a charged volume of the
secondary battery is lower than a specified volume, said
switching means is turned on and the first voltage supply means
is selected by the selection means to apply the first voltage to
the secondary battery for charging,

when said control means judges that the secondary
battery is charged to the specified volume, said switching means
is turned off, and at the same time the second voltage feeding
means 1is selected by said selection means, and

when said control means judges that the secondary
battery voltage is lower than the second voltage under a
condition that said second voltage feeding means is selected,

the switching means is turned on by control of said control
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charged in said secondary battery by the control of said charging contro
means when said secondary battesy uokiage. does not attain the specified
vol tage and charging is not: restagt @élee, 8., A chargi ng equi pment, conprising
a first voltage supply nedns® f.et*stipalyidstlg a first voltage to a secondary
battery, a second voltage supply nmeans for supplying a second 159 voltage
| ower than said first voltage to the secondary battery, a selection neans
for changing over_a chargi ng voltage appljed to said secondary battery
bet ween ?a?gsf'f? sﬁp%%&#ﬁo%@gﬁgggutﬁl 9;’%%%%‘3“%"% THHY F3ns for
ON- OFF Cgﬁ%f 1Aéng the application of the output voltage of the first or
second voO dge Upply neans selected by said selection neans to the A
secondary battery, a detection nmeans for detecting an electrical conditio
sai d secondary battery, and a control neans for controlling the selection
Wth said sel ecghon gy i 0 t ' eciy . Jreans
in accord with t%%'g%nditiSﬁﬂgéﬁgéﬁﬁgn%yagg?gdgg?egﬁi%ﬁé%%Zﬁifqgg%%xﬂma
char gi ngi €qié pAENts BE YSH D1 Rethndi BbS§udybetRad Wb b SHdhGP Mai@leFEaANS
judges that a charged volunme of the secondary battery is |lower than a
speci fi edoybhgereis Slowbr Mdrciheg seeand veltagaechadn and the first vol tage
supply neans is selected by the selection neans to apply the first vol tage
to the secondaryhdmatiteris fprdgdvatdiatngtheheolsagd teontowdr nees fhedges t hat
the secondary battery is charged to the specified volune, said swtching
means i Se¢QRrGSPidge Avhia imhe saseified thee saten Molisgadgssdiatg
neans is_selected by said sel ection neans, and

least once that the voltage is lower than the second voltage.

61. A charging equipment according to claim 59, wherein
it is when the secondary battery voltage is a third voltage
lower than the second voltage that the second voltage feeding
means applies the said second voltage to the secondary battery

for charging.

62. A charging equipment according to claim 59, wherein
a potential difference between one end and the other end of a
switching means is detected for judging that the said secondary

battery voltage is lower than the second voltage.

63. A charging equipment according to claim 59, wherein
it is judged that the said secondary battery voltage is lower
than a said second voltage when a current of the said secondary
battery is judged to be lower than a specified current value
when voltage application to the said secondary battery is turned

off.
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when said control neans judges that the secondary battery voltage is |ower
than the second voltage undek a..candidi on that said second voltage feeding
neans is selected, the swi§ching:ngang ks dturned on by control of said
control 160 fee” %ot Teetves teet 8 nmeans to apply the second
voltage to the secondary battery for charging. 60. A charging equi pnent
according to claim59, wherein it is for said control neans to judge that
the secondary battery voltage is |ower than the second voltage that when
it is judged that the voltage is |ower than the second voltage again in a

s | udge: vol ta i ain
than the second vart AgenaRg R Eiu e BhieolRERe' KBLoh Aty Sto Wradimo,
than the second i nen? accBidi fig’fo BN i

han t ne2sBeERa VAT dherRary mioteli, Ol i 280 Lo ot ALt el iud Phe"

sai d secgpd¥RlhgdRedfs L8 AACQNIR Yol LahY% séeénaafl{;%&lgtegﬁéce&bﬂ}ﬁa gi ng

equi pnent according to claim59, wherein a potential differ et ween

one end apd1bRerothen &sbedified WirdhintdvaRaBSw8hdEheCs £l f&widdiiging
that the said secondary attery voltage is | ower than the second voltage.

63. A chmeghsgtegne@nefnf aawodartdiisy judgeldaithabIsanbiesetondaty itsatteiged t hat
the said secondary battery voltage is |lower than a said second voltage
when a cuepitageoisthewsnitharddlsaid secoedyvoitagelged to be | ower than a
specified current val ue
65. A charging equipment according to claim 58, wherein
when said control means judges that a charged volume of the
secondary battery is lower than the specified value, the
switching means is turned on and at the same time, the first
voltage feeding means is selected with the said selecting means
to apply and charge the first voltage to the secondary battery,
when the control means judges that the charged volume of
the secondary battery is charged to the specified value, the
switching means is turned off, and at the same time the second
voltage feeding means is selected by said selection means, and
the second voltage is applied to the secondary battery
for charging the same with the switching means turned on by the
control of the control means when the current flowing through
the secondary battery is judged by the control means again to be
lower than the specified value at least in the specified time
after the control means judges that the current flowing through

the secondary battery is lower than the specified value with

this second voltage feeding means selected.
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when voltage application to the said secondary battery is turned off. 161
e el ~ as +64e. A Ghat.gi g .equi pnment according to claimb59,
wherein a potential differiencespet pwensond . end and the other end of said
switching neans is detected.whar® Sat d..secondary battery current is |ower
than a specified current value with the said swtching neans turned off
and it is judged that said secondary battery voltage is |ower than the

sai d second vol tage. _65, A chargi ng equi pnent accordin% to claimb58,.
wherein when sa%g’cﬁnFPBFgﬁ%%n%qT ttﬁﬁﬁpﬁgl@?aFSeG 9amuﬁ%fdzh%¥@9n
b LS | h h i fied t i t chi ng neans
P Turnel CRESRRYf TowE rhr O ' FB SR, B horpRaet Ped P Fting | <
I d.wi i I i I h he first
vol tage. PoCPHdaEE BELEEP EE QAT RIOn L0 ARRLAL AL EARS Matd e the

charged yaluiialh phbeefPCPIAl YabAldifing haflaigdedetacte £CIAd ed val ue,

the switching neans is turned off, andat the sane t e secon

vol tage tgedbny FE8wsSnyStSed£rd asbdvhdediydpaekae}ion nmeans, and the second
voltage is applied to the secondary battery for charging the same with the

swi tching nmeans turned on by the control of the control neans when the
current flow ng through the secondary battery is judged by the control
neans again to bé7.| awehardiang tépn gpenit iaedordling ab tkasih 58, tWieersgaci fi ed
time after the control means judges that the current flow ng through the
secondar §ibatt ang $econheswitdnindaespeciafreegrouidedwin hpatdl kel ecorithe
vol t age feedi ng neans sel ect ed.
switchling means,
a constant current output means is connected to the
second switching means,
when a charged volume of the secondary battery is judged
to be lower than the specified volume by the control means, the
first switching means is turned on, the second switching means
is turned off, and at the same time the first voltage feeding
means is selected by the selection means to apply and charge the
first Voltage to the secondary battery,
when the control means judges that the charged volume of
the secondary battery is charged to a specified volume, the
first and second switching means are turned off and the second
voltage feeding means is selected with the selecting means, and
when the control means judges that the second battery
voltage is lower than the second voltage with the second voltage
feeding means selected, the control means controls to turn on
the second switching means and to turn off the first switching

means, and the output of the constant current output means is

supplied to and charge the secondary battery.
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162 . . . . . . . . . . . . . 66. A
char gi ng eqU|pnent accord|ng.toucla|n165,.mhere|n a current flow ng
through a current path connpcted tos saqdo- seeondary battery different from
a current path fed to said .sécondary batr%ry via a switching neans is
detected for the current flowng to said secondary battery. 67. A charging
equi pnent according to claim58, wherein first and second sw tching neans
are provided in parallel as the sw tching neans, a constant current out put
means is connected to the second smﬁtching means, when a charged vol une of

the control meand®-the ipt '“d?gﬂaﬂifiﬁcﬁ@i £t B SRR LBy b >
swi t chi ng _nBans 'ﬁa% ?ga gﬁﬂ”:ﬁgg at the same tine the first voltage

feedi ng “neans g e selection neans to apply and charge the

first voltage tchB%r%QCQEdééi‘rPé&t@& fcyaé‘%fefa% é{fghpgﬁegs!ﬁg{a %' gffséhat

the charged volune of the secondary battery is c I'ed

vol-ume, ihetaber §hdaadsé@§9@dv§m5§é“1raﬂvéfeaem1%nagﬁlhum§§t0¢z$1@£'§'e the second
voltage feeding neans is selected with the selecting neans, and” when the

control seddasspudg@sriyhpattéeysecond battery voltage is | ower than the
second voltage with the second voltage feeding neans sel ected, .the control
means control s t@heoar hhensetbedaey dveak tsenyt cits Nigdeedn soabd hearuynf@EIythe
first switching neans, and the output of the constant current output neans
is suppkhedged hﬁaedhgng‘ehe hiudgramd arfy thet detpcted charging current

while control is being carried out for applying and charging the
first voltage to the secondary battery, control is carried out
for changing over to the application of the second voltage to
the secondary baﬁtery, and

when the secondary battery is judged to have a specified
battery remaining voltage based on the judgment of the detected
charging current while control of applying the second voltage is
being underway, control is carried out for changing over to the

application of the first voltage to the secondary battery.

69. An integrated circuit according to claim 68, wherein
when a temperature is higher than a specified temperature based
on the judgment of the detected temperature inside or in the
vicinity of the secondary battery, control is carried out for
applying a third voltage across the first voltage and the second

voltage to the secondary battery.

70. An integrated circuit according to claim 69, wherein

the third voltage is controlled to be continuously varied based
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163 r 68. An integrated circuit for controlling
charging of a secondary batesesepy deneahi ch ,control is carried out for
selectively supplying a first? vatage,éndEa;second vol tage | ower than said
first voltage to said seccdhrdbly’battary,.*when the secondary battery is
judged to be nearly fully charged based on the judgnment of the detected
charging current while control is being carried out for applying and

charging the first yoltage to the secondary battery, control is carried
out for BhaRgi AL YWSGH Sl i cation of the second voltage to the
secondary battery, and when the secondary battery is judged to have a

specified battery remaining voltage based on the judgnent of the detected

charging current s whi ke LGl ARRININGLNECRERRNT N LRgE] By diPLNO

underway, control is ut for changing over i on of

the firsiedohiagg Bt sgrday battery. 69. An integrated circuit
according to cl al m 68, erein when a tenperature is higher than a

speci fied tenpergbhtLobasetadi dh@dtudaresblatelibeljesspprideperatay e
inside or in the vicinity of the secondary battery, control is carried out

for appryitgge drd ral sendmyercidaees 1overf thah veét Bdes@nRbLtheyesaeond
voltage to the secondary battery. 70. An integrated circuit according to
cl ai m 69saufieset¢ondatye hdtitredkw,ol tage is controlled to be continuously
varied based 164 .. ~... .. .... .. .
when the secondary battery is judged to be nearly fully
charged based on the judgment of the detected charging voltage
while control is being carried out for applying and charging the
first voltage to the secondary battery, control is carried out
for changing over to the application of the second voltage to
the secondary battery, and
when the secondary battery is judged to have a specified
battery remaining voltage based on the judgment of the detected
charging voltage while control of applying the second voltage is

being underway, control is carried out for changing over to the

application of the first voltage to the secondary battery.

72. An integrated circuit according to claim 71, wherein
when a temperature is judged to be higher than a specified
temperature based on the judgment of a detected temperature
inside or in the vicinity of the secondary battery, control is
carried out for applying a third voltage across the first

voltage and the second voltage to the secondary battery.

73. An integrated circuit according to claim 72, wherein
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. . . . . . 166. .... .. .. .. ... .. . onthe judged tenperature. 71. An
integrated circuit for conte|dssnigechanging of a secondary battery in

whi ch control is carried owt :‘or.seEecLi:v-eI;y;,suppl ying a first voltage and
a second voltage |ower tharfethbB.ftadtes?Sld’agk to said secondary battery,
when the secondary battery is judged to be nearly fully charged based on
the judgnent of the detected charging voltage while control is being

carried out for applying and chargi the first voltage to the, secondary
bat 1 ery, ChontRbra Lo LETds ofF st U RS B PRoCOUE N0t TRe TS RS of

t he second Ita he condary battery,. and when the secondary
battery Py ¥ﬁﬁgégggégﬁé %f%%ﬁﬁﬁTied battery renmai ning voltage based on
t he judgnent of the detected charging voltage while control of applying
the second voltage is being underway, control is carried out for changing

uer to the (2PPYhcakhomalatdeed idalonal Bgecbactbe sR0odarys Ratdery. 72

An integrated circuit according to claim 71, erein erature is

j udged tgebBnlhghepatbery 2 wiRaadifi ed tenperature based on the judgnment of
a detected tenperature 1nside or. in the vicinity of the secondary

battery, controlai eteatededhDid dOra FRAeyitIG1aatbbsd ynbtege @ed oSse t he
first voltage and the second voltage to the secondary battery. 73. An
i nt egr at etherrendtoficcarsring-ling meiams7 Zorwhenerallifg start and stdp
of the supply of a charging power supply to the secondary
battery or a potential across one end and the other end of the
secondary battery is judged
while control for supplying a low-voltage charging power
supply to the secondary battery is being carried out, and
when the judged potential is a specified potential,
control for turning on the switching means is carried out and at
the same time control for setting a charging power supply
supplied to the secondary battery to a specified potential is

carried out so that control for starting the charging to the

secondary battery takes place.

75. An integrated circuit .according to claim 74, wherein
a detected value of the potential across one end and the other
end of the secondary battery is judged after the said charging
begins, and

control is carried out to raise a potential of the
charging power supply in accordance with an increase of the

judged potential.
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the third voltage is controlled to be continuously varied based on the
judged tenperature. 74. An integhated.cirncuit for controlling charging of a
secondary battery, wherein a éetéétéd-vp}ugiqf a potential across one end
and the other end of, a swiching.sreamrs . for ccontrolling start and stop of
the supply of a charging power supply to the secondary battery or a
potential across one end and the other end of the secondary battery is

j udged whi | | f | yi alao | har gi ng.

e secondar y baf ber Ji S BEPHA At Ths by FooRad thoRol FRS-Rbba WABRIT ol
_‘ da ik B GurC ol Riehr ik _
carri o BulcEREPE“PrhE® of S el “PePlectet i R e
cartiva SO RE e O PAY I el kR aCaRPEE F PRI D ary

battery hakeaspl 8§ 75 An integrated circuit. according to claim 74,
wherein a“detected value of the potential across one end and the other

end of the secondahyrBatigryaisidddgad i l%ifshﬁgsehéhﬁbéégwﬁl deaims, and

control is carried out to raise a potential of the charging power supply
i n accor daacgingt powar i NepEias dyofvaydng ddged aopehtaBity 166 stages -in -
Ceee . .. 066*00

accord with an increase of the judged potential.

77. An integrated circuit for controlling the charging
of a secondary battery, wherein

if it is judged that the battery reaches a specified
electrical condition based on a specified electrical detection
data related to the secondary battery,

after carrying out control for stopping the charging
operation when charging operation by constant voltage is carried
out and it is judged that the secondary battery reached a nearly
full-charged condition, and

control is carried out to restart the charging operation
of the secondary battery after a specified time passes from the

judgment of the specified electrical condition.
78. An integrated circuit according to claim 77, wherein
said specified electrical condition is judged by judging that a

battery voltage of said secondary battery reaches a specified

voltage.

79. An integrated circuit according to claim 77, wherein
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00 76. An integrated circuit according to claim74, wherein a detected
val ue of the potential across one and.and, the other end of the secondary
battery is judged after the-chahgrng-ubégrﬁs, and control is carried out
for raising the potential of..the*°ghargi*ng power supply by varying it in a
plurality of stages in accord with an increase of the judged potenti al.
/7. An integrated circuit for controlling the charging of a secondary
battery, wherein i udged t hat_ the battery reaches ecified

el ect ri c§P*EoriBFTT ﬁe%a%i%éYﬁﬁ¥éqEﬁ%&ﬂqﬁﬁé?qelé@tﬂﬁgﬁﬁngYe&?g% ng fhat a

rel at ed e after. arr ntrol for stopping
t he charéﬁﬁéggngegg ?%ﬂgmg zﬂiyﬁﬂfc gﬁygcgﬁgP%th%%l?age IS

carri ed gu.t&ﬁ&e | bol Bablidgedhbdinied 1% %%%Ogggexdgéysart ched a nearly

full-char condi tron, is carrie res t t he charging
operation of the secondary battery after a specified tinme passes fromthe
judgnment of the specified electrical condition. 78. An integrated circuit

according to clago 7Xn WHEEGHALed A T &PACiabicedaghgcthi 62hiR0Ndi tiQerd tn
judged by judging that a battery voltage of said secondary baftery reaches

a speci f cedtrot! i agradd %o App Ty &rspieed fdlelC bl tageotdi ﬂﬁretée@érmamy? 7,
wherein 167 .. .. .
sai d spebattedyelwhichca$ Imwmhtﬂhanrthq uﬂgedlbg yuﬂgagg éﬂaﬁhéisald

constant voltage.

8l. An integrated circuit for controlling the charging
of a secondary battery in which

charging is carried out by constant voltage charging to
judge that the secondary battery reaches a nearly full-charged
condition, and after control for stopping the charging operation
is carried out,

a specifiéd electrical detection data related to the
secondary battery is judged every time a specified time passes
from the stopping of the charging operation, and

when it is judged that the battery enters a specified
electrical condition by this judgment, control is carried out

for restarting the charging operation.

82. An integrated circuit according to claim 81, wherein
control is carried out to restart charging after a specified
time passes from the time when it is judged that the specified

electrical condition is reached.
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charging current reaches a specified current value when a specified
voltage is applied to the secondary. battery. 80. An integrated circuit
according to claim79, wherginp °conbro+~rs sde to apply a specified
voltage to the secondary battéry .sthellt.is Lower than the charging voltage
of the said constant voltage. 81. An integrated circuit for controlling
the charging of a secondary battery in which charging is carried out by

constant vol tage_char ge. t hat the secondary atte reaches a
nearl.y fuII-changd A oﬁ ?g{ﬁleéLﬁPEﬂQ%ﬁ'%9§ﬁF@&ng6P §Eabﬁl éltWﬁ?Eﬁ%ﬁglng

oper A LobnaLspsRitigd Sberfidbaddd if!nﬁ%%‘aﬁﬁgeﬂﬁ»ié%{l &y‘?%“h 4 :% Tom C

h

battery ebdegba ORaELPhd A0 ARR Ml tlt b8 T iba, Rl EIIAETT Con: o

is carrigdnevby E8F &55i¢AdNY ddha $hea aeailtg ac1§§ d%iéﬁ rated
Bpiithy BETbE 5B 8

circuit according to 1, wherein cont arri e out t estart

char gi ng1a{iber tRafPers f ok tddeT R PASIRS ikl B@hhaeabt}ﬁe&h&ﬂ the 's'%ideged
that the specified electrical condition is reached. 16 ..

. secondary.battery. .. .. . 83. An integr at ed CI I‘CUI t
accordlng to claim8l1l, mhereln the specified electrical condition is
judged by judging that a detected charging current exceeds a specified
value while control for applying a constant voltage or specified voltage

84. An integrated circuit according to claim 81, wherein

the specified electrical condition is judged by judging that a

detected secondary battery voltage reaches a specified voltage.

85. An integrated circuit according to claim 84, wherein
control is carried out so that at least an energy required for
detecting a battery voltage is charged in said secondary
battery,
when it is judged that a detected value of the secondary battery
voltage does not attain the specified voltage and charging is

not restarted.

86. An integrated circuit for controlling the charging
of a secondary battery, wherein
control is carried out for selectively supplying a first voltage
and a second voltage lower than said first voltage to the
secondary battery,
detected value of an electrical condition of the secondary
battery is judged, and in accord with the judged detected value,

the first voltage and the second voltage are selected for a
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| ower than the constant voltage is being applied to the said secondary
battery. 84. An integrated ci.feui.t.aceording to claima8l, wherein the
specified el ectrical conditton i :j 4dged-by: budging that a detected
secondary battery voltage rsathes a ‘spdci.fi ed vol tage. 85. An integrated
circuit according to claim84, wherein control is carried out so that at
~least an energy required for detecting a battery voltage is charged in

S P PGS 0 DA R
h II h
et SRR o b BRI FESR e 1

SeleCtIV?%%%€&$€§%ﬁ&&é%glrSt voltage and a second vol t age Iomer t han said

first vo condary battery, detected value of an electrical
condition of the secondary battery is judged, and in accord with the
judged detected value, the first voltage and the second voltage are

selected for a 169. .An integrated circuitOhtagedlifigbeoaPPdi®de 0 WitGein
secondary battery, and ON-OFF control is carried out for applying a

sel ect edwheh tisgeed @1t the Serigndarty olfiakt deyecBYon Aralud agf aited circuit
according to claim86, wherein when based on the judgnent of a detection
val ue ofeléetrat@&ltaorchit icondift ithe shitlheesandasyedomidasyy baittt drsy,juidigeids
judged that the secondary battery is charged to a specified volune, the
second vohangehe ssepgndamy batdeay tikechangedi ve a¥Re@ifiesd volume, the

second voltage is selected and at the same time control for
turning off the application of the voltage to the secondary
battery, and

if it is judged that under this condition, a secondary battery
voltage becomes below the second voltage, control for turning on
the application of the second voltage to the secondary battery

is carried out.

88. An integrated circuit according to claim 87, wherein
to judge that a secondary battery voitage is lower than the
second voltage is when it is judged that the voltage is lower
than the second voltage again in a specified time after it is
judged at least once that the voltage is lower than the second

voltage.

-89. An integrated circuit according to claim 87, wherein
it is when it is judged that a secondary battery voltage is a
third voltage lower than the second voltage that said second

voltage is applied and charged to the secondary battery.
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turning off the application of the voltage to the secondary battery, and
if it is judged that under t{-hjs-.¢ondi.td.ony .a secondary battery voltage
becones bel ow t he second volt age, :caontr.qk- fQf. turning on the application
of the second voltage to the.5acbhdary."Bat'tety is carried out. 88. An
integrated circuit according to claim87, wherein to judge that a
secondary battery voltage is |lower than the second voltage is when it is
judged that the voltage is lower than the second voltage again in a '
specified tine after it is judged at |east once that the voltage is | ower
than the second voltage. 89. An integrated circuit according to claim 87,
wherein it is when it is judged that a secondary battery voltage is a
third voltage | oygr a : i . Sai d,- Vol e.is
applied and chargga %g ?ﬂ%gggégﬁgggv¥%gy?g§§£ﬂﬁgﬁﬁ.kg.éngHQB?’Amﬁg§Eln

i nt egr at 5T GYd I $WH i 7 | i LLghS: kU t said
secondar%qbg%tgggésgffgég ?%h%gﬁﬁ#ﬁ¥%g§'b€%2%g igo%gégﬁdlgoﬁggg%-eﬁ%h a
current ehesshidsecesdaryobeddewhed @ jcudgedtt 8£b8ak QVBEcHIAR{ 5Py €d
current value when voltage application to said secondary battery is turned
of f. 91. iAnjudyedras eve Clowen ttiere @ dipegilfded aufr8Rt WaBH€i whehen a
secondary battery current is judged to be lower than a specified value
when appvbtaagenappl itet ioh tagedid tseeondaaydbaytebat ieryuirsed wihed of f, a
potential difference between one end and the other end of a switching
means for carrying out the OV OFF control is detected and the secondary

battery voltage is Audged to be |l ower than the second voltage.
91. An Integrated circuit according to claim 87, wherein

when a secondary battery current is judged to be lower than a
specified value when application of the voltage to the secondary
battery is turned off, a potential difference between one end
and the other end of a switching means for carrying out the
ON/OFF control is detected and the secondary battery voltage is

judged to be lower than the second voltage.

92. An integrated circuit according to claim 86, wherein
when it is judged that a charged volume of the secondary battery
is lower than a specified volume, control is carried out for
turning on the application of a voltage to the secondary battery
to charge the same with the first voltage selected,
when it is judged that the secondary battery is charged to a
specified volume, control is carried out for turning off the
application of the voltage to the secondary battery with the
second voltage selected, and
when it is judged that a current flowing to the secondary

battery again at least after a specified time after it is judged
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92. An integrated circuit according to claim86, wherein when it is judged
that a charged volume of the-.secendgry. .battery is lower than a specified
vol ume, control is carried put foe tur,n-ng.on the application of a vol tage
to the secondary battery to.thaffga‘the ‘sameiwith the first voltage

sel ected, when it is judged that the secondary battery is charged to a
specified volune, control is carried out for turning off the application

f th h d b h th d I I d,
and when TPEE EnE GlBReThat LSV LR (ah 1] GRIRGEST: Re CaEsndar JoVBaT Lty
t | by ft ..
again a SﬁEEléﬂéﬁrleﬁQe&ith%klé’E%é% éavogé gﬁa% g%SQSSrrﬁﬁ?t¥?%w%%g in
the secoaq[aeﬂeeaaa@ryofs &PuRL i 4 bar, i 1/ 6 BkUEndt Lchih

c
vol t age sel ected contro I'S ered out for se tlng tﬁe seéonﬁ 50 t age

and tur nla@?lQBanén @PDi:héa%PtEhcjé tdanelskrgadheyt b818868NE8FY Vol tage for
charging. 172 '

charging.
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