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Vol tage Detection Grcuit, and Method of Detecting Cell V6lRegebBAZBEEROUND
OF THE INVENTION 1. Field of the Invention The present invention relates to
a voltage detection circuit for a plurality of cells, suc:” u 1 ion
cells or nickel cadmumcells, connected In series to eac mﬂmm MM""MMM
battery, and to a nethod of detectingla cell voltage. 2. Descgjfsion of

Rel ated Art In some cases, so-called cells such as lithiumion cells or

ni ckel cadm I ted in series to each other for use as a
battery pﬂﬂaﬁﬁfﬁiﬁ‘?@&ﬁ@ﬁppl y an electric power to an electronic

equi pment such handy-type.vi deo tape,  ecorde el ectroni ¢ canera,

portabl e corrpupgfl %‘%tacgﬁéﬂ%/tleﬁté?“ IreRYy Eﬂldswé?@cﬂ@{@eﬁ‘}ﬁf“ﬂg S:F’ﬂa\(;‘ﬂéat&’:ery. FIG 1
is acircuit diagramof a conventional cell voltage detection circuit. FIG

2 shows am3A%B&PFQUND i EREaIBYENAIIO of such cells 1 ( 1 ato 1d) is

connected in serves to each other and each of themis connected to a cell

vol t age dédt ect dreld of (e Inveseorel |'s, a one indicated with the reference |la
has a hi ghest potential, while a one indicated with the reference 1d has a
| owest potenti dlhe prédant ihvieatian etlaryitd adiokgpaderttidbmewrcat Fordqlliagey dét ect or
9 included in the cell voltage detection circuit in FIG 1. The cell

vol t age defeli§!RichAs GiR BaScedl of ARkl tAMMunROEd, Eb@iect d@Vdenigs & each
noni nverting termnal 8a and an inverting term nal 26 Decenber 2002 2

8b. FOr eXARM ia bt Al tb AnbAGHING depRcRbaNastvAakENt i al has a positive

el ectrode thereof connected to the noninverting termnal 8a of the

operationa a”ﬁiés%ﬁﬁﬁor@o?flefa'?@d | voltage detector 9 via a sense line 2
and resistor R, and a negative el ectrode thereof connected to the

nverting ter mypak, 8 of, Lhe,ARELAL QRAasHIRLLL | odfs U Ak P ERRR A NE 3 and

resistor R2. SimTarly, "éach o r as positive and negative
el ectrodes_thereof copnected to an,opgerational anplifier 8 via a sense Line
and r e sreslts S funR R s8ad oo s G or R8F e A MRk dekcr BB Kot rom
the corresponding cel|l 1 and proyide it as its voltage qutput | 1

i ndi vi dual Y4PPIYRT EEIF RAYVSE toyanzzlectzane R RbStTaNdy- HRE FeD 1aPes
provided therejn a plurality of resistors RlL to R4 for the operational

anpl i fi er ECOFRE et Aynade nPgelle spmeerc the e+ age det ector 9 havi ng
t he abovenenti oned confj guration reatlrdeepends.uppn_the accuracy of each
of the resistord crlliypsingledyut phabatsryt KdGddtisarcaguydragaga St put 1 h.
Therefore, a resistor of which the resistance is set with a high accuracy
shoul d be txwgntenaligell velipge detectien cireniRg FIG. 2 shows an example in which a

plurality of such cells 1 (la to 1d) is connected in series to each other and each of
them is connected to a cell voltage detector 9. Of these cells, a one indicated with
the reference la has a highest potential, while a one indicated with the reference 1d
has a lowest potential.

FIG. 2 1s a circuit diagram of the cell voltage detector 9 included in the cell
voltage detection circuit in FIG. 1. The cell voltage detector 9 comprises an

operational amplifier 8 having a noninverting terminal 8a and an inverting terminal
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Al so, the detecting accuracy of to voltage detector 9 beconmes | ower
proportionally to a higher common node voltage. This w | 126H2ecerpleald@ w t h
reference to FIG 3. The output Vo of the operational anplifier is sinply
expressed (offset error of the operational amplifier is neglected): Vp =
Ro(V 1 + V2)/(Ra + Rb) where Vp 26 Decenber 2002 3 Ra, Rb ~ Resistance of
resistors RL and R2 V1 : Voltage of 2ell having |lughest voltage V2 . Total
vol tage of other cells Therefore, Vo = Vp - Rd(V2 - Vp)/Rc where Rc, Rd :
Resi st ancgfFdresh iR, $hdSeIRNE hEAn IR MR e fdlot &R hRE a pBSILRD eecRdde. - - - - - -
................ e ... (1 Then, Vo = Rd~V I/ Rc

---------- thereof ted: tothe noninvertmg ¢ 1 8a of th tignal amplifiek B)of€N V
1= 0y, theergat f)%r%ne\t}oe 0 t%go%gfaﬁgoﬁ’éfmé‘np?loﬂ eerOpsele%lljcrnda Brenpcl).leActoual ly,

h , bl d
novever kgl LU BE PR Y5 T P LB S 48 RgTon o
.............................. . Lon (1
"Bf%e, the

out put Vo of. the operational .amplifier . an_error proportjonal .to a
vol fage VR v1aasenseplmegang reswtgrr)Rl Smugralsy each ofrtgeo errc):e[ls Las positive

................. e e e e e vu... OO These errors OO and
00 cause tand nsgatiyreclgetredes thgread canagojedbfo ameaperatipnaempdidier §etie e seose
circuit. Further, since in the conventional cell voltage detection circuit
shown i n Au@ ar@l meists. dines cthklopeditiongbamptifiet §wild detect 2aohageefrbm the i s nuch
conplicated. SUMVARY OF THE I NVENTION 26 Decenber 2002 4 It is therefore
an obj ect @afréspendingselbtl andvyeotiderit ditpvolagieoapwtel Il indolidweedls .

As shown in FIG. 2, each voltage detector 9 in FIG. 1 as provided therein a
plurality of resistors R1 to R4 for the operational amplifier 8.

The detecting accuracy of the cell voltage detector 9 having the above-
mentioned configuration greatly depends upon the accuracy of each of the resistors
R1 to R4 and that of the detected voltage output 11. Therefore, a resistor of which
the resistance 1s set with a high accuracy should be used as the resistors R1 to R4.

Also, the detecting accuracy of te voltage detector 9 becomes lower
proportionally to a higher common mode voltage. This will be explained with
reference to FIG. 3.

The output Vo of the operational amplifier 1s simply expressed (offset error
of the operational amplifier is neglected):

Vp=Rb(V1 + V2)/(Ra + Rb)

where Vp :



detection circuit sinplified in construction and capable of detecting a
vol tage of each of the cells in a battery with a hi gh aceamaecgmbéh2oGbove
obj ect can be attained by providing a cell voltage detection circuit for a
plurality of cells connected in series to each other in a battery and
adapted to detect a voltage of each cell, conprising, according to the
present invention, a first input sele8ting neans connected to positive and
negative el ectrodes of each cell to select either the positive or negative
el ectrode of aRseRectRadistalde FMEsiseadR1end Rbl tage of the cell; a second

i nput sel ecting neans connected to the positive and negative el ectrodes of

each cell to selecyoRidr cdiNGviBshish¥® Witapegative el ectrode of the
selected cell and acquire a voltage of the cell; a voltage detecting neans

for acquiring gdetgGt ede Pt FHmyold@0e fromoutput voltages fromthe first
and second i nput selecting neans; wherein the voltage detecting neans

conpri ses AL REL ational anplifier and a plurality of resistor provided for
the operational anplifier, the operational anplifier having a noninverting

i nput term nal .conpect irst input selecting neans and an
inverting inpuﬁﬁ{érdihgackgﬁhggﬂgﬂ to the second input selecting neans; and
a processing neans for converting the_detected cell output voltage fromthe
vol t age déY}é?éFin?gRﬁiéé%PélsFﬂfrﬁ%frf&Flé@r% 83d1“§i1¥‘hl for calculation to thereby
determ ne the voltage of the individual cell; wherein the processing neans
conprises an adssegtdhafiRar RomdRberRdo convert..a-detected ouflput vol t age
of a cell froman analog to digital, and an arithnmetic unit which
cal cul at esTkengli gi tal output fromthe anal og/digital converter to provide a
vol tage of each cell. 26 Decenber 2002

Vo=RA'VI/RC it et e e - (2)

When V1 = OV, the output Vo of the operational amplifier should be O.

Actually, however, V1 will not be OV because of the error due to the common

mode voltage at the operational amplifier.

The expression (1) is not practically possible. When the expression (1) is
impossible, the output Vo of the operational amplifier has an error proportional to a
voltage V2. i e e @

These errors @ and @ cause to low the detecting accuracy of the cell voltage
detection circuit.

Further, since in the conventional cell voltage detection circuit shown in FIG.
2 needs one cell voltage detector 9 for each cell, it is much complicated.

SUMMARY OF THE INVENTION



5 According to the present invention, to detect the voltage of each of the
plurality of cells connected in series to each other in asltaicekabyr 200
positive and negative el ectrodes of the cell are connected to the ftrst

i nput selecting neans to select either the positive or negative el ectrode
of a selected cell and acquire the volﬁage of the selected cell. Also the
positive and nedAtis therefprscary ekieed affthe peesert] inveption dormievdded ¢ YHBE8econd

i nput selecting neans to select the positive or negative el ectrode of a

sel ect ed ceddtectinul caicgidimelifidreincohitagtorodnd: dapalde b ddtenting @l violtagehef eadh t age
detecting neans is adapted to acquire a detected cell output voltage froma
first cell dfithgedlsvwoh bagey withmhighecéuricgt | nput sel ecting neans and a second
cell output voltage fromthe second i nput sel ecting neans. The processing

means converts ttie dbeteobjed caebt ataihqiby molidager édllovlthfedstadtivagacaet ecti ng
means fromanalog to digital for calculation to thereby determ ne the

vol tage of foha ity dURlls E6tinketed NEERED kS cachlothe iNAtbaREGLAIMMpe® tPr OVi de a
vol tage detecting nmeans for each of the plurality of cells. Each of the

cel I 1S seidict 8d0ifhcdr BicAOLE NRLHARE HEHERE i PRRAR idligN output vol tage

detected by the voltage detecting neans Is conve from anal og to digital

for calculation thSgﬁlhg{ !&&ﬁ%&%ﬂéﬁéghﬂnggedﬁ%tp%@gﬁ% ‘rirg({/ b%ﬁb@&e&“ﬁ%@ oft

plurality of voﬁ%age ectl corresponding to

the plurality, of,,cells copnected in series.to each other th | t age
deteotion o arY B ReHSRE S Positie sl TRdrats Yy terarCedtl 80T Ci v cui
according to the present . invention can also be used to detect a voltage of
a single cé%ﬂ?“%&gﬂFﬁFﬂ &?Seﬁhe present invention, the first input

sel ecting neans shoul d preferably be able to sel ect and be connected to a
ground pot enti al® &#R9"f HEPWesdFHnE BEANS seANBRaiihh & RRMOsiEiNG A BFgalve
preferably be able to select a positive-voltage Qalibratin? vol tage to

whi ch a cel §leafigfesfeaghscelldp selech eikpr Wiernositive e eqgatve electrode of the selected

cell and acquire a voltage of the cell;

a voltage detecting means for acquiring a detected output voltage from output
voltages from the first and second input selecting means;

wherein the voltage detecting means comprises an operational amplifier and a
plurality of resistor provided for the operational amplifier, the operational amplifier
having a noninverting input terminal connected to the first input selecting means and
an inverting input terminal connected to the second input selecting means; and

a processing means for converting the detected cell output voltage from the
voltage detecting means from analog to digital for calculation to thereby determine
the voltage of the individual cell;

wherein the processing means comprises an analog/digital converter to convert
a detected output voltage of a cell from an analog to digital, and an arithmetic unit
which calculates a digital output from the analog/digital converter to provide a voltage

of each cell.



26 Decenber 2002 6 According to the present invention, the first input

sel ecting neans should preferably be able to sel ect a pogbthecembet 2R
cadbrating voltage to which a cell voltage is calibrated with reference and
t he second input sel ecting nmeans shoul c}, preferably be able to select and be
connected to a groun otential. Thus,.the degree of the | j tude by the
oper ati onal anpl é?‘ioé‘ﬁngé?l e PEREU KRB QdeiiﬁgFts B@Pﬁ%eoﬁn‘%)aﬁfé of ‘the
positive-voltage calibrating reference voltage applied to the noninverting
ternminal of PRIFANEY, 6f celfecanaeded iithgenasdnseagh Stigrdnrg pattery.nihetpositivednd ng
means, and the ground potential applied to the inverting term nal of the
vol t age det eegafiverclentodes afite eellarseannected ioghe fisskinput Selegtingempans tasadest t he
degree of the anplitude by the operational anplifier can be checked by
conpari son tdtenderpostiee gr oegativp eleetnadealf aagpprcied detl and hequirertha valtage

termnal of the voltage detecting neans via the first input selecting nmeans
and the 2the Reaabait]. 20@Vtha gsiti vesmd\nopdtavg elec@bdeb bthergll arfoonsned tvol t age
applied to the inverting tenrunal of the voltage detecting nmeans ma the
second i nputheSet@@tinp@ sERBtiGg nMARD bt e hositi@ 6:S aedativd) ¢ RBrdd2Nef 4 he cel |
vol tage detection circuit should preferably be adapted such that when a

sane el ect r gaigealiceR aiPhdquirs e RbREAH tRyscldiRabhiLst and second input
sel ecting neans and a common node voltage is applied to the noninverting

and inverting i “ﬂ&étv&?argg‘:d%?e'cﬁné)_frnéaﬂse i/ Q4 ?%ggd%q%%idwe@ﬁ@&‘%ent fbut

resi stance of the adjusting resistor provi for the voltage detecting
nmeans i s se Vi o) t t t.he v e ecting neans,
and the pos%’ﬁa ee%l(’g)ﬁ} %fﬁ%ﬂ\%}lt(ﬁﬁ fvrogtf%et ﬁg%vto{;'?g}gtelgguett%!:eic%m%g%n%}%‘2 appl i ed
to the anal og/ dj gi,t al converter of the processing neans to provide an error
of the vol t¥ %“da‘%k[é’é‘tﬂuﬁﬁoq%ghgmttge \s/ﬁ‘ff’%%g‘?ﬂtese%grlﬁléﬁc%'de voltage is applied.
Nanely, when the_.common node voltage i applied to the voltage detecting
means, ' the | at t SFAPPCTBE Braoi eaverts, ey deestedk o9l pioloroitaes Tmdhe e, that
is, the voltage fi omthe vqgltage detecting. neans contains an error. Thus,
since the VBl g detagitngcrany froanAraleg {fa “?JrfB(/Fa‘é'é‘a%P"p@s‘th‘ie%dEFé'f“éE? ed
out put vol tage, the anal og/digital converter of the processing neans is
suppl i ed wi the valtags of theyrdividnal cellit put vol t age, so that the range of voltage
input to the analog/digital converter can be limted to a positive range of
vol t age. Ther ef oFlerefergeit aavadt ogdedsagy toaprovidaeepitage deteptimmineans foreenshef i on
within only a positive range of voltage, and it nay not need a hi gher cost
per f or mancethamptirday of éulls. Bachnefiibd eadls iy tectadttly d sisgle edtigs dethetmgtoieans
anal og/ di gital converter which nmust have 26 Decenber 2002 8

and an output voltage detected by the voltage detecting means is converted from

analog to digital for calculation to determine the voltage of each cell. Thus since a
plurality of voltage detecting means may not be provided corresponding to the
plurality of cells connected in series to each other, the voltage detection circuit can be
simply constructed.

The voltage detection circuit according to the present invention can also be
used to detect a voltage of a single cell.

According to the present invention, the first input selecting means should
preferably be able to select and be connected to a ground potential and the second

input selecting means should also preferably be able to select a positive-voltage

calibrating voltage to which a cell voltage is calibrated with reference.



both postttve and negative ranges of voltage. According to the present
invention, the cell voltage detection circuit shoul d preR@Paptmbere208dapt ed
such that the positive termnal of a cell is connected to the nom nverting
input termnal of the voltage detecting nmeans via the first input selecting
means and the negative teprunal of the cell .is.conn hg i nverting

i nput tenni nal SFCPHEE, B &‘8@3"5&8& HEERYS ﬁléearng%\}?%’ ' tsﬁfeé&gn%c%‘%%&ﬁ %ﬁh{a

sel ecting nmeans. Thus, a vtha e of. a cg%l %ﬁg he cohrectlx dgtec Fd whi |l e
bei ng cal i rgeshly B ablgdeyseleghf dositive Yoliges cafjbraling XPiags "R Bilhg a

met hod of detecting a voltage of each of a plurality of cells conpected in
series to é@@hg%tsh@llbrﬁﬁedawﬁgtﬁe@ﬁf‘%)ﬁ“ﬁ tb‘*els?covgllf‘%e‘%lﬁéﬁ”&me?fi‘? O t
conprising: a first input selecting means connected to positive and

negati ve elmecferablyde able teadictaad be eannsetediota gpynddrotential- posi tive or negative
el ectrode of a selected cell and acquire a voltage of the cell; a second

i nput sel ecti ng Thagnke depnevaafitbel amplitudiebyp the ioperatormhampléfigacawy be ellesked odes of
each cell to select either the positive or negative el ectrode of the

sel ect ed cely comprisitibétiveerathe globiaige voltage helilmetilg reforarok tvaljegedapplied ing neans
for acquiring a detected output voltage from output voltages fromthe first

and second o RBRinSRHRE kBl BRME voRiE dRtdRiNL RSSHisNGa TRAASt fnput seleotgy ti ng t he
detected cell output voltage fromthe voltage detecting neans from anal og

to digital &19%.5,054&%%&9&1 b@tehﬁ%ﬂr%?}{ed)'i@‘fﬁedﬁwéﬂﬁﬂgVc@ﬂn{iﬁeﬂeofOifh_eNMIan’ldi vi dual
cell, the nethod conprising, according to the present invention, the steps

f: 2f i i ! to the first i t | ecti
means and abenE mefl Vi e SEoRE iR b E s B L s T suppl y {1 -om ¢ he
| t det ect i jti . . I
vol tage detectl gglﬁggf?{] %ergaeep oq‘tsth At ltqgé gf %hg%gg}d{l&{ﬁ %\ﬁ&éﬁeﬁ%ﬁﬁl bo cltn&ﬁed

L. I' €
anal og/ di gi t al of € process ans a al cul ate an

anplification factor of the voltage ?e. Cli ns._b. .

cal i brat i ng®¥ %%%%QWF%G‘S gé%"r?ﬁé’é’ f? a&?p‘@?q E)‘ear%et reuﬁf‘lgﬂls‘??eg?‘ ldsgggfoﬂﬂd i nput
sel ecting neans; supplying a co node voltage fro sane el ectrode of a
cell to thethGéfPlfa&ﬁéetd%tf%’f‘?at‘f@;Vﬁéngggrsﬂ'inﬁ“ttsﬁ@cq[}gr ?anéﬁ‘gl 'S‘écond i nput
selecting neans to acquire a first positive detected output voitage

i ndi cative of an error due to the conmon node voltage supplied to the

vol tage detecting neans; supplying to a noninverting input termnal of the
vol tage detecting nmeans a voltage at the positive cell electrode selected
by the first input selecting neans and to an inverting input termnal of
the voltage detecting nmeans a negative cell voltage sel ected by the second
i nput selecting neans, to acquire a second positive detected output

vol tage; and calculating as follows by the processing neans to determne a
cell voltage: Voltage E = (second detected output voltage - first detected
out put voltage)/voltage anplification factor According to the present
invention, at the voltage anplification factor cal culating step, an input
to the first input selecting nmeans and an input to the second input

sel ecting neans are selected to supply fromthe vol tage detecting 26
Decenber 2002 to nmeans a positive detected output voltage to the
ana(og/digital converter of the processing neans and cal cul ate an
anplification factor of the voltage detecting neans based on a known
calibrating reference voltage. At the first detected output voltage
acquiring step, a common node voltage is supplied fi oma sane el ectrode of
a cell to the voltage detecting neans via the first and second i nput
selecting neans to acquire a first positive detected output voltage

i ndi cative of an error due to the common node voltage supplied to the

vol tage detecting nmeans. At the second detected output voltage acquiring
step, a voltage at the positive cell electrode is selected by the first

i nput sel ecting neans and supplied to a noninverting input termnal of the
vol tage detecting neans, and a negative cell voltage is selected by the
second i nput selecting neans and supplied to an inverting input term nal of
the vol tage detecting neans, to acquue a second positive detected output
voltage At the cell voltage detecting step, the processing neans cal cul ates
as follows to determne a cell voltage:



Vol tage E = (second detected output voltage - first detected out put

vol tage)/vol tage anplification factor In this way, the céblDecetbag20@an be
detected accurately and sinply irrespectively of the accuracy of the
resistors, for exanple, in the voltage detecting neans. 26 Decenber 20fl 2
11 According to the present invention, at the step where a conmon node
voltage is supplied froma sane el ectvode of a cell to the voltage
detecting neans via the first and second input selecting means to acquire a
first positeguevdedlegicechhibudtpig rebothageoliapdiapphéd & bk iaverang cenirdod ¢f0 t he
common node vol tage supplied to the voltage detecting neans, the resistance

of the pl uhahblygedete@tigsineniss 0h thidisecvall iage sdRtasg imd@gngreans is set such
that the detected output voltage of the voltage detecting neans, supplied

to the anal 09/ i @bfdfhg 69 MEEHesint Hvenfi®nPHRGRA Vot dMBERS ol SirdlivaYsuld
positive voltage. ThusS, since the voltage detecting neans always provides a

positive gﬁgpegmg bgtrétggﬁtﬁgdvs%ﬂ % ﬁ}%ntﬁfmﬁ@éﬂe&%@é %f 18l 1%%3,}@3'{65 | yaﬁ‘fe t he

processi ng neans; t nge o age I nput to the analo

converter gan be limted to,a.positive range of voltage. Therefor t he
el o) di dienrnEaoBY sl RHBE Bhegny Bud ATRRuon kA neg RS Fove r ange
of voltage, and.it may not need .a htiﬁgher ies tguti Fn and can thus blg

manuf act urBe PRATHCTtHES VETUNGARP Y HETINS So?flo f grttage ddpciute BrAtH % must
have both positive_and negative ranges of voltage. Yet another way to

attai n t hdesisapee sbfhecadinstmgyepistayipdevided forcte voltaggidetactngameyis s get B at

| east one cel] in a battery, the circuit conprising: a first input selector
adapt ed t cprbeldecqusiuput wltrgp deim itheeveltage nlstreting enesing candothie positivacntpet | ; a
second i nput selector adapted to be coupled to a positive and negative

el ect r ode aflitagadivone éid yoltagealetergmgdatans o rpiland togha anadog/dveral comgydngut
termnal connected to the first input selector and an inverting input

term nal cafithepraesiing nikans ec providepntrreebEdicorcltagade@cang arasoto Wawilng an
anal ogue/ di gital converter coupled to the voltage detector and an

ari thmet i cthyRbinmsivplodd voltagh & HphkdddRnhtilgi wikdn ¢ereaihéd molbedsiagbject s
and ot her objects, features and advantages of the present invention wll

becone nmorgpeRab e vaIER deféeting! théwsNdhed@ita wRBIGh st 6vidRhivona®d of Bero
preferred enbodi nents of the present I nvention when taken in conjunction

Wi th the agomaaviay oia B8 SoltR febmRSWRlEdd Neling BRSPS R G 1 15

a circuit diagramof a conventional cell voltage detection circuit; ~26
Decenber 2002 12 FIG 2 is a circuit diagramof a voltage detector included
mthe cell voltage detection circuit mFIG I; FIG 3 is a circuit diagram

Lo ot eh, S Srmdunnbengey e csnettguthogl el paapeleigrser

circuit will be explalne ef erence dragram of a

preferred &@8&&5@% 8k &QFog(;&lgltalchJn&gggr of the processing means is supplied

with a positive cell output voltage, so that the range of voltage input to the
analog/digital converter can be limited to a positive range of voltage. Therefore,
the analog/digital converter may have a resolution within only a positive range of
voltage, and it may not need a higher cost performance and can thus be

manufactured with less costs than the analog/digital converter which must have



detection circuit according to the present invention; FIG 5 is a circuit

di agram of the voltage detecting neans included in the ceblDacehibage002
detection circuit in FIG 4; FIG 6 is a circuit diagram of another
preferred enbodi nent of the cell voltage detection circuit according to the
present; FIG 7 is a flow chart of the cell voltage detection according to
the present invention; and FIG 8 is @ circuit diagramof still another
preferred enbodi nent of the cell voltage detection circuit according to the

present i nyRRtoSMve REIALERR ERER AV THE PREFERRED EMBODI MENTS |t
shoul d be noted that the present invention is not limted to the

enbodi ments of A6 Besele hANARLA MM REIISEEIDBE it bhSuld

following. FIG dstrat e formo ock diagram the first
preferred enbodi ment of the | 1. .vol t age det ect,i cucuit according to the
D csent | rodReraN oty I kbR KRG GHGF chafRE € BBnect ea
in series to.each other and qﬁgpged fo detect a voltage o% each cell . 26
Decenber 2B@nYeItpg mpusterminglRl the vpltags defgeliperisans Ya the FENRY general Iy
indicated with a reference 20. The vthagE detection circuit is adapted to
detect a viledye Beansaed the naegivgritamnpg! of thegeflds gonpacked todhe tRMErHBE| i t hi um
ion cell or nickel cadmumcell. O these cells connected in series to each
ot her, a om@uf teaingeal of tha YHtagraleestiag enrans|vaa Higssegond gipas selpainenoeans. whil e
a one indicated with the reference Id has a |owest potential. Therefore,
the cel |l p®hestaialltags of ewel cam bt kerrectdie dewttadhehidebtisg tabbrawdl d.
The above object can also be attained by providing a method of detecting a

voltage of each of a plurality of cells connected in series to each other in a battery

by a cell voltage detection circuit comprising: a first input selecting means

connected to positive and negative electrodes of each cell to select either the

positive or negative electrode of a selected cell and acquire a voltage of the cell; a

second input selecting means connected to the positive and negative electrodes of

each cell to select either the positive or negative electrode of the selected cell and

acquire a voltage of the cell;

a voltage detecting means for acquiring a detected output voltage from output

voltages from the first and second input selecting means; and a processing means

for converting the detected cell output voltage from the voltage detecting means

from analog to digital for calculation to thereby provide the voltage of the

individual cell,

the method comprising, according to the present invention, the steps of:



To measure the voltage of each of the cells la to |d, the cell voltage
detection circuit 20 conprises a first input selecting nmegtSectébed6eNd
input selecting neans 24, calibrating negative reference voltage or voltage
source 26, cell voltage detector 30 and a processing nmeans 40 as shown in
FIG 4 The first and second input selecting neans 22 and 24 are connected
to the positive electrode of the cell 91 a and negative el ectrode of the
cell Id, respectively. Further, the first input selecting neans 22 is

connected to a @QWRG ATheM tbahe ENER iARE deNRtin GAMhs ianBUh iSRlte6thdg means 24
is connected to the calibrating negative reference voltage 26. The first

i nput sel eg&éoﬂel @é%&ﬁﬂég%%egﬁ@% El%pﬁﬂylé 'gérﬁ»ggeﬁﬂ@&ia%é dfegécﬁngn&faﬁ'%aip\agumd

negative el ectrodes o nes *50, 51,752, 53, 54 and 55,
respectivel dsimlarly the seco input sel ecting neans 24 |

i ootr car fureeliubt DooRaey 1 M AR FR s R b B POl She T d s e

| i nes 50, 5%, 52, 53, ﬁé and gﬁ r%sgect'vel(i%_.é . 26 Dec nb%£ 2002 14 The
first inpufdlselelcit sgphbisahomicioyptehs weltage drtsctipganeansiitscsena&noMies 50
to 55 of each cell or a sense lute 59 connected to G\ND and t hus can be
connect ed talrpdng g3fpropse valjescemetise tagitBanihedisyor serend Bpgh selpeipis

sel ecting neans 24 can select ether one of the sense lines 50 to 55 of each
cell or a @388 |ine 60 connected to the negative-voltage calibrating
reference voltage 26 and thus can be connected to the voltage detector 30
FIG 5 is a cirsuyiplyidgagoamed ntdide withga fendesent elecB@dE nf hudido the t he

vol tage detection circuit in FIG 4. The voltage detector 30 conprises an
oper at i onalvohagy ddte&ing3heaixtvih ohe fissljatid kedighdr i@puSseddcting Iredne t38cquitfde
resistor 38a ~s connected between the first input selecting neans 22 and a

noni nver t i Fgst gaRltvelRidBEPOuBt PbitdRan@RaHA bPARkraNBhd {d BE cdfimdihe
resistor 38c is connected between the second input selecting neans 24 and

an inverti %dew&gﬁgﬁ[g%féﬂ'toqﬁe oblddrcaepanflhena anplifier 37. The first

i nput sel ecting ne provides a first output voltage V| and the second

o the oper ati oAl B Prispys i irpfE RRRyRH P he YalhRdR Lhne KERER 1 V€ v
vol tages . huaich G BL8GOURLESIEH S oABATSH B HGALRU)AL hRflal Gull OVi de

a detected ou age € processi ng nean t he
| t d t 30 i t ed t i 40 whi,ch i
2n anal ogi of 2oy OhGERE B TR0 f B P R e A ey gy [ dp BT SO

hereinaf ter), 43 and i thmetic unit 45 such i ter.
Decenbor - 20b5Pd THIBE A mAHORt els-Lg ol ©bie et otd B (A pieoGeh « age

| 00 supplied fromthe vgltage detector 30 &omanalog to digital and
promdes a PURUIP'RET 8% f the output voltage to the arittunettc unit 45

The arittunetic unit 45 proTesses the supplied digital value in a
calculating as follows by the processing means to determine a cell voltage:

Voltage E = (second detected output voltage - first detected output
voltage)/voltage amplification factor
According to the present invention, at the voltage amplification factor
calculating step, an input to the first input selecting means and an input to the

second input selecting means are selected to supply from the voltage detecting



predeterm ned manner to provide a voltage of each desired cell, nanely,
indicate it digitally on a display unit 80, for exanple DPhdabespeayoomit 80
may be a LC display panel, plasma display panel, CRT (cathode-ray tube) or
a fluorescent character display tube. The display unit 80 can al so deliver
the detected cell voltage signal as an output to an external device. FIG 7
is a flowchart of the cell voltage det@ction according to the present
invention. It will be described herebelow with reference to FIG 7 how the
vol t age ofneanya poatioé deteetcsiebltput wltage ltd tishavabog/dighith Geodvertsr déthect ed by t he
vol tage detection circuit 20 according to the present invention. At step
ST1, a voptcgssiagMicaht aad taidufaecivamepfifitieo flctagd tHetelkdgerdedéting FIG 4 is
cal cul ated, and at step ST2, a first detected output voltage that is a

positive wRhhaegsedn &ﬁﬁd}wﬁ‘cﬁfibx_%ﬁn%"réi@hnc‘ébl%lth a common node vol tage, of
the voltage detector 30 is acquired. At step ST3, a second detected output

vol tage that ig; Fnae:)tg(g? i1, \égte\ﬁg_i;tt@.g%oilt%{g@(ﬁgﬂ[ﬂipﬁg \%)e%ng c@ﬁuﬁ&rﬁﬂg@% Lxlfoltgg ell

voltage is calcu tep consrsts o Sub- st eps an 2. At
sub-step S 1. t.he first input selectin ns 22 selects the qground

potent | al RuBplfif oat Fsam S5 R i PRt FRlae ik Lefsie .

negati ve-vol t age 26. Deceegber 2002 16 calibrating reference,voltage 26
TP, ¢ et LeeroifinPObr AET MRS Saust st PERo YT S EAOBR ol t age V
1 of the ground potential (= 0 V) tq the norunvert i nput, tennjnals 82 of
the oper at/Plaga Indysfive pkan grror dug %WQ%@Q“M%Y&:%SSGPPM@ 8 thfe second

| nput selecti~ig neans 24 supplies a negative voltage fromthe

negat i vevaplt gedtingrmednsy ref erence voltage 26 as a second out put vol t age
V2 to the inverting input termnals 83 of the operational anplifier 37

Si nce t he vol t Agéhd seomnd detentglanitpet- wadtaga geqaahpistept, avgltagd arthace vol t age
26 is inverted at the inverting Input termnal 83, the operational

anpl i fi er pdsitiwe ktll alesayde iy sleded by plostitst vepudatiectieg neabpaid wpplegeto100 to
the A/D converter 43. At sub-step S2, a proper anplification factor A of
the vol t agamotétveetity inglt isniadl it eoltfef dtehapinbihst ied anbgdiiRidetl unit 4S
in the processing neans 40 on the assunption that the voltage fiomthe
negati ve- \olth@oR seRkidirAf (Gt S EIuPRE Sel¥ i@ ardParl dSsupPUVA tol i@ iBRefiag | on
goes to the step ST2 in FIG 7 This step ST2 consists of two sub-steps S3
and S4 At gl 1&hERaISF thE Re1hE 8dte RRERNH0 laB@MUEe 26l RaliggitRRaRsecAed and 24
select a sane cell electrode to recetve a sane input voltage. "The first
and Secon%uﬁlﬁ'%ltﬁ ecting neans 22 and 24 select only the sense line SO in
relation to the ce 1 atoreceive a positive voltage fromthe cell 1 a as
a conmon node I [ , i J: I ] 21s
ot connect ed 1o RB A Fut BB secp g bR Rieal L BENARY pTRERGE

connect ed - Ne i ve-voltage calibrating reference 26 Decenber 2002
17 vol tagetgggge%?m{s%uag?és}l ‘é@t@%; a first detected output voltage 100A

i ndi carive of error _due to ,the co de vlta t,the vol tage
detector 30 is%g’étlag?/ re ?8“&98&%6% %‘é}e‘@%\geﬂgu%tf&?%ge%?geggsi ng means
40. At sub-steps S3 and S$4, a fo n m)fl? voItE{ e froma sane cell can be
supplied to the voltage deitagdoltage gglifination faorang second i nput

sel ecting neans 22 and 24 to provide the first detected output voltage
(preferably, pdsitis yayyibetegliajpltage can be detected accurately and simply

urespectively of the accuracy of the resistors, for example, in the voltage detecting

means.



indicative of the error due to the common node vol tage at the voltage
detector 30. Next, the operation goes to step ST3. Step g 3 consi é& of two
sub-steps SS and S6 At sub-step S5, the first input sel CtHSF§MREL

selects the positive electrode of the cell while the second input selecting
means 24 selects the negative electrotgie of the cell. In this case, the
first output vohtR@fng/tolth®presdie u{v'eﬁﬁﬁn, hﬂﬁé"’steﬁ Q/nefetd dbﬁuﬁ&ﬁﬂ&@%ltage suppl i ed
to the noninvert i nput term nal he operational anplifier 37 in the
vol t age detSéGPManwm sanee therﬁeeﬁﬁdelb@ttbevolmbﬁatgetmgzmms vidhg fissbnd i nput

sel ecting of the
oper at i onaﬁﬁg%p?ﬂ?(ﬁnﬁt %&}RB% ‘ran%ar% u GX?{%@B %Bé’?g%%%t%(g mgﬂaméger 37 of
t he vol taghxdij:atlm:bf)ran&@rocalueubathes:ommcmndie doltapet egpliad mjthevwdltagge 100B
fromthe vqltages su ied, at the inver and nonj pverting

term nal s §5dla Sk Rhe &5istnn OF trechiirolibt S RRtoB A “obrEReltbe | <
passed to inRgns/sEe€ QRUahitehe Udtebibd lRGUP K HIEHE UfMBe madge dfhcting Afeaddecenber
2002 is convei-ted fromanalog to digital and_sent to the arltlunet~c ant
4~ Thus at SyppHedtocthe amplogidigital@onyagier pf the (Procsprife Weanscis iaMEAYEBAI98iti¥e sel ect s
a positiveygell el ectrode and supplies the voltage at the el ectrode to the
noni nver f ny H%put tennina( 82 of the operational anplifier 37 of the

vol t age det ect oThtsosiamjthen@ltseecdmwtmpmansellws prayides arpositize dleteeted s a
negatwe cel] | I [ o the

i nverting P n ‘?(iqtta%g&n h?%ggl%g@&fgﬁpgoé&g&eéto?oé\egﬁ I%C&ts'lnkpg eafi 3&‘3 gr gb

provi di ng aol%eomhtposhé hmgzlmgealtcmdvﬁtﬁmum budlm:@etolﬂ(@BsnB%exﬁgomf t he

vol tage anplific tor A he volta e det ect det er m ed at step
o0 o ettt dheden 26 Srded ol Gameret BRRRGS Foolulioh MUMD SRR e
second det ﬁ@ﬁt@sﬁé RHEOHL vdd&kgéaeﬁlﬂ 1@-%5 rﬁk@h@édnl Iﬂﬁgﬁexaﬁes&hﬁ&x ﬁ'{ﬁcant has 8Ei thnetic
unit 45 of the proceSS| ng means 40 FG 4 can cal cul ate accurately and

easi |y thempayipgiyed with legscosistthandibe ae%lw/dllgaal qoayertex sinhanust dayggbath e

foll owi ng B4Rl QBgatie FankeslFABitagel 00A) / A Therefore, an error in

resi stance anong the resistors 38a to 38d mFIG5 can be ignored, that is,
an error due toYdidmothee e th attain dg ahoye shisagistth @revids & pisguit tordetasba v ol t age
detector 3 I fi ed .out put vol tage 100A.

Ther ef or e, Q?l?a%IQgP%&%&ﬂ%@ecggéx%b%%%sfgé Clelg(ré&gﬁlt't%‘fs 38a to 38d which are
expensi ve and o4 fiest iipghsefrctor iadaptatl tarbe cotpded ol a pogitive indaedativetlkctmdn be
detected ac ur@t;ky and easily. At the step ST3, when the first input

sel ecting selects a positive cell electrode while the second i nput
sel ecting nmeansa 34cdndl iapitSsetecitr galhpted t6 del coupRd e potidve D aeddivel ect r ode,
the first out t VO'%gﬁ V 1 fromthe first 1nput selecting neans 22 is
suppl i ed tSCF <0 R til~g input tenmal 82 of the operational anplifier
37 u-~ the vol t 2g61t4RtRELOF hddnyRinbRintéEnS BHANErAkEPeEnnYQEd RO@e Yidst& om t he
second input selectuig neans 24 is supplied to the inverting input
tennirzal 8Pubtelecks asd ap dnveging inpyiiermina compected o thegeppnd ip S?‘SP‘?’ages
acquired vigythe inverting and norunverting input termnals 83 and 82 are
al ways positive, the second detected output voltage 100B is al so al ways
positive Theref ermpcessqncl@w%easemelneuqzi@gedt enhverterpenupled| toade YOlORBEi s
acquired into . the A/ D ert ns 40, the range of
input tot H e %?r[?ngoaﬁl\?gr lcf?%co‘ff)%eq e anﬁé)gﬁ%gifﬁflvcgm@n%%f he ot her hand,

sui ce sane cel ITBésecdiHjéubeSnc( Wﬁettdb}@tsprfedmgﬁfan&@)lvmes of the present

invention will become more apparent from the following detailed description of the
preferred embodiments of the present invention when taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of a conventional cell voltage detection circuit;



selected by the first and second i nput selecting neans 22 and 24 to acquire
an error due to the common node vol tage, the fixst detectmbheidnibdr 2802 t age
100A fi omthe voltage detector 30 is negative as the case nay be due to a
variation mresistance of the resistors 38a to 38d. To cope with the
negative voltage, the range of input to the A/D converter 30 has to be both
positive and negative voltages, and thas the A/D converter 30 should have a
wi der input range of voltage. Therefore, the A/D converter 30 should have a
hi gher resol utippa. anga thugt Wdgrae faxpenst MeteckanaclndAl A ©eRr¥BbREgE3
havi ng not so high a resolution and thus not so expensive, the voltage
detect or 3Qi@GLArGca L Fi&he. present invention enploys the resistors 38a to
38d each having such a resistance that the first detected out put 26

Decenber 2002 | - %;&ﬁ ~ ' , t

m&*gte tﬁ:a foll oézm9 %}\égrlge%glg?éggﬁtg%ﬁttggvﬁ%g%%ﬁs er e&t—gggg?gletc—@g—?g@?&sﬁee 8~~~e
t 38a, Rb .S th i st. .th i st 38b, R3R~ is th

Fesi st ance rvdee AegriveprSa: S Be dlleicniviE Tt Rioesi ot ance of the

resistor 38d. T et the ahove requirenent, additional resjstors 38e and
38f shoul d pre#ﬁpa u@aEBX$ﬁBmpa€a0§%Pr %ﬁﬁéﬁ%&PSH“VFF’t@%%ﬂb%ﬂgﬁpng ones
38a to 38d as shown in FIG 6. O course, the resistors may be conbined in
any ot her GRieHiEN qifeai ashering i the@rewnt 8lsBEORhe cal i brating reference
voltage 26 is used while the range of inFut to the A/D converter 43 is

al ways positi vél&s Shaeicnguitdepramsdrthdeditage dasedtorgogoansgncluded matipecedlf
input to the A/D converter 43 of the processing neans 40 can be only
positive avaltaghusteichen piroee &s FHG. 4teans 40 can be rather sinplified m
construction and thus be inexpensive FIG 8 is a circuit diagramof the
fifth preferredigrgdsheiotitdiagrid ofeinbthed pkeleredeirtidiraentaithaicéll accor di ng
to the present invention The cell voltage detection circuit 20 in FIG8 is

simlar toydihak dehWBn chchk FcdodiModre ptdidhe;t he first input selecting
means 22 can sel ect and be connected to a positive-voltage calibrating

reference voltage 436, ¥Ry ehafBBfhel BB o8 idchiBn 3668y (BRIL pRELACT I NG

nmeans 24 can sel ected and be connected to the ground potential " G\D via a
sense ZGmDFEt%H)%gZOOZ 21 line 160. Thus, the positwe-voltage calibrating
reference voltagé 12G supplied to the noninverting uuput termnal 82 of the

operational a i .0 & ol age lha & f i.aput

sel ecting mea@lsiz 8§Eaﬁ%gr§h§gﬁrﬁ?eédd%%?hmt%§%& rgﬁeﬁ%gﬁo bgjr?wgﬁlt d(t;\tlgéscﬁgpl i ed
to the i nveorlgi ngieg%%% 1l;rer{m'analr 83 t%fthghereo%)neir-a"gé i%%l anplifier 37 in the
vol t age det ect P SERIE %%%8% i nputpsé ect] r%lg means 24 to check the

et ect L?aéig%%@%ﬁ@ﬁ%ﬁ?ﬁﬁ&gb%@iﬁ?ﬁ@%ﬁgﬁﬁpﬁ@gﬁﬁﬁrg ?L{]F‘S? to thar
FIG 4 ] ok
resent | nvent 11o7ud ROl peb e SteG et R iEROUHBRE HEBES havi ng been

described in the foregoing. The afqrenentigned enmhodj ments of the present
i nvention f@bkodigeasy q>fgt§e ®Eggent invention that will be described in the following.

FIG. 4 illustrates, in the form of a block diagram, the first preferred
embodiment of the cell voltage detection circuit according to the present invention
for a battery in which a plurality of cells is connected 1n series to each other and

adapted to detect a voltage of each cell .



However, the voltage detection circuit accorduig to the present invention
can be adapted to detect a voltage of each of a plurality6dieceatteeld@s each
i'ncluding a plurality of cells connected in series to each other The

vol tage detector (including the operational anplifier, etc.) can detect

vol tages of the plurality of cells and thus the circuit calibration can be
sunplified and the voltage detector ma$ be i nexpensive. An arithnetic unit
such as m croconputer is used to calculate the proper anplifier factor of
t he vol t age detlediGr430eant valtage detastisrecaauersr gmeddly ihdickted witl2® Decenber
2002 22 co~runon node voltage at tl~e voltage detector 30, so that the cel
vol t age cawrfdiende0l(. eThe dollbaadtteitionharditas udestedns detedhereltquearf dabh of
operational anplifier 37 in the voltage detector 30 and resistors pronded

for the opgplatilAPal camPld fd &d s&ch ABVthiRh ikecdl oBpicREIGdmiRmeelisi on. The
vol t age detection accuracy of the voltage detection circuit 20 is not

| nf| uenced by %f/&ké@&%%‘onﬁ@&@d%Lériesttbréﬁcmﬁ{wea Bhie dgca¥Ql jRAet ector
possi bl e

30 and tenperature variation, so It Is to neasure the voltage of
each cell._gince the ra f_input Vvolt t o, Al rter .can be
T ted o TR [ G SReqting LY VRS 98 SNy SO LRI EL 41D
determ ned only with.the resolutjon of the cell voltage [f it is necessary
Lo det er m VSt ROEHges sFo D6 br vl BtFHab S PYE InBter st de et o Al D
converter, a 2 bits higher resolution, for exanple, is required To detect a

vol t age oftodseh of a plurality of cells connected ui series to each other,
t he enbodi nent of the present invention conprises the first and second

i nput sel ect i nglavsgasre Wy veltageddteash of thegasclaniped; &re cedlrvaltaget i ¢ urut and
calibrating reference voltage 2G The range of input voltage to the AID
converter detectbm ¢irquitt Abcampasqsosfitst upud selebting hwahsi2hesenonddipuhat t he
sequence of the steps STlI, ST2 and ST3 for voltage detection is not limted
to this orshectimgtimede\24prayliatispapged cheforeare tdlape ex veptgd wurechz6 stedlp ST4
which is to be done finally 26 Decenber 2d02 23 CLAIMS |. A cell voltage

det ecti on oltapdidetdctdr 30 aldid ptadeysing neaht 40aenheshdd FI@. $eries to each
other in a battery and adapted to detect a voltage of each of the cells,

conprising: a fThsfirst BRdbecoRldEapnt | BBARINEMRMICARID 4 AreRBEhEINELATME
negative el ectrodes of each
positive electrode of the cell 1a and negative electrode of the cell 1d, respectively.
Further, the first input selecting means 22 1s connected to a ground potential
GND and the second input selecting means 24 1s connected to the calibrating
negative reference voltage 26.
The first input selecting means 22 is electrically connected to the positive
and negative electrodes of the cell with sense lines 50, 51, 52, 53, 54 and 55,
respectively, and similarly the second input selecting means 24 is electrically

connected to the positive and negative electrodes with sense lines 50, 51, 52, 53, 54

and 55, respectively.



cell to select either the positive or negative electrode of a selected cell
and acquire a voltage of the cell; a second input sel ect bgpdeemper ggapnect ed
to the positive and negative el ectrodes of each cell to select either the
positive or negative electrode of the selected cell and acquire a voltage
of the cell; a voltage detecting nmeans for acquiring a detected output

vol tage from out put voltages fromtheltirst and second input selecting
nmeans, wherein the voltage detecting neans conpri ses an operati onal
anplifier and [ Qvi eratiEnaI

ampl i fior, the b%é{%ﬁpaﬁgf%aﬂﬁg Rdaas 2 Pﬁ&gﬁpﬁ‘ghﬁrrﬂi‘ér‘%ﬁﬁas‘?%ﬁ 08 0 nal
ted t f t
e P b St each ¢l qrintey eiwaes‘@rf}s{l}ﬂegtsﬁ SN RAh e Sonsrbtis si ng

means for convertlng the detected cell output voltage fromthe voltage

det ect i ngtmiarslivobrgadalcstprd ditgiledy. thersceand it seigetins mrarely cart er mi ne
the voltage of the individual cell, wherein the processing neans conprises
an anal ogs@tdtiegihenbne ofither temse toecohied § of cadt edt exda sartsphine\vidl coagecetd a
cell froman analog to digital, and an arithmetic unit which calculates a
di gi tal ou phdtneznive-bbleagenedlbgitthOrcfalencoOnyleadec?6 tnd i canbeaountdtade of
each cell. 2. The cell voltage detection circuit as set forth in claiml,
wher ei n th@ﬂﬁﬁkﬂ@gydb&can@@ |. 3. The cell voltage detection circuit as set
forth in claiml, wherein the first input selecting neans can sel ect and be

connected to apgyo3ifith HAekENEiaBtam 8P thd WStpR RAG b Inchfle8Gh itHEchW%?%@ can

sel ect and be connected to a negatlve ref erence voltage for calibration of

the cell yg eEﬁQx?g w@ PR? ‘ﬁ?} %\Aﬁgge?éeté of 38 o8l ns‘é?}ﬂx g‘éhﬁ’lc“ on

circuit as set eln en a s e of acell is
selected b rst econd ut ng. Teans a connD node
vol t age iéxﬁﬁgefézaPS ?ﬁ% RW%nﬁ |d§3§§d8%§9ertﬁd8$5%b§? e g‘of t he
vol t age d

" esi ot or s OBRES 'ng{gaggtgﬁw %ﬁrt?%'dﬁé%‘& g oReifiEr g ed EGRERLIPAC an

out put vol e fromthe v ge_detecti means an he positive qutput

vol t age frtﬁ pHa lwltaggél st *ffgfeﬁ’éaquﬂgﬁcslsaawfé%d bk tl?ﬁ%ﬂcdagdi gi tal
converter. 5. The cell voltage detectjon circuit t forth in claim4,
wher ei n t HRPHESIECHDE Maaas LA G ANy HIENgANPUY tepE, é%togéh@c‘d’@cfﬁfeofﬁ’ém nverting
input termnal_of the voltage detecting neans via the first input selecting
nmeans, andmﬂﬂéﬁﬁéaatlve el ectrode of the cell is connected to the inverting

input termnal of the voltage detecting neans via the second i nput
sel ecti ng meandhe furst input selecting means 22 provides a first output voltage V1 and the

second input selecting means 24 provides a second output voltage V2, respectively,
to the operational amplifier 37 in which the first and second output voltages V1 and
V2 are subjected to a predetermined calculation to provide a detected output
voltage 100 to the processing means 40.

In FIG. 4, the voltage detector 30 is connected to the processing means 40
which comprises an analog/digital converter (will be referred to as “A/D converter”

hereinafter) 43 and an arithmetic unit 45 such as microcomputer.



6. The cell voltage detection circuit as set forth in claim1l, wherein the
first input selecting nmeans can sel ect and be connected (26 Reqosidr 2062
reference voltage for calibration of the cell voltage, and the second i nput
sel ecting neans can sel ect and be connected to a ground potential. 7. A

met hod of detecting a voltage of each of a plurality of cells connected in
series to each other in a battery by adXxell voltage detection circuit
conprising a first input selecting nmeans connected to positive and negative

el ectrodes of o ell to select either, the positive or ative, el ectrode

of *a sel eoted CBFFV PP EH 6 ?icanm%tgaéiemct%ﬁ%uteaﬁ yoltage dOTRAPHEH Ut

sel ecting nmeans cqonnected to_ the positive and ggfative el ectrodes oé each

cel | to sdiwetheyeliee detretorod) frovbarplos ydigtaband providsge detalh@luerkct ed

cell and acquire a voltage of the cell; a voltage detecting neans for

acqui ri ng the detpatveltagsuppbe audimettpeuttit 8 out put vol tages fromthe first and

second i nput selecting neans; and a processing neans for converting the

det ected cel | dbepuithmeti¢ age 4brppordsses thel supgbed digitat valge means from anal og

to digital for calculation to thereby determ ne the voltage of the

i ndi vi dualpré®dténmihbé miinboth siovidd S olgade s GicRpizsiodd cell dabRbgMMditad02 25

selecting an input to the first input selecting neans and an input to the

second i nﬁﬁ'%itafll%rl &Fh m@la{pelﬁﬁ@s@,%wmhﬁxef PR 8f3playUntePmdebeGliMg means a

positive defected output voltage to the analog/digital converter of the

pr ocessi ngy; n 3 irf Hon.& f | t age

detecting ﬁgg%%Egggggﬁgﬁgg“ﬁ%%@ﬁﬁggﬁ?%FéFﬁﬁgﬁgg?%ﬁgﬁgér85*%g§€&§0nnected to

either the,fj d 4 : | ectd : ' mron node
Shatdcidr c@éplgfﬁ% Oggh"%'%p%‘i ug.ftl Sdt‘gaxf@g@ gglllfémﬂé éél@gteﬁ.c%ﬁ

voltage froma sa ectr o age detecting nmeans via
the first and second input selectin ns.to acquire a first positive

det ect ed dﬁg%§?5¢gﬁ %H@P?W@ng{?%gmgFggﬁcEV?or due to the common node
vol t age suppli tq.the voltage.detecti means; supplying tp a

nont noerti g 1 Gt TisAHMBFhEEof i G ol SRt en A CoriHetodRs Bl at the
positive cell electraode selected by the first input selecting neans and to
an i nver t i AYCRtHPut Lt t“éuﬁaersi&p%l?e% herehelpragih gefessiceny Fﬁ@aﬁiwaf the yaitaee cel |
vol t age sel ected by the second ingut sel ecting neans, to acquire a second
posi tive detawtens Aithpeelly ba fahe sheya e KlGuf at lefgetad by she wolsagsydatemsion
processing neans to determ ne a cell voltage: Voltage E=(second detected
out put vol ¢iegyet 2Q peqordiagde tleeipwseniunveiatage) / vol t age anplification factor.
8. The nmethod as set forth in claim7, wherein at the step where a conmon
mode vol t age i SAlstipplildda volbagaamahficatiactactueofdhe yoltage detectohdOunltilage
detecting neans via the first and second input selecting nmeans to acquire a
first posi4iveslddated: aatl anstepmSTRoh fageldtended atipue voltagerther isarpaditevet o t he
common node vol tage supplied to the voltage detecting neans, the resistance
of the pl uvaltdgedindicati@soBirpesonfduehe axainiage niedeeniliagg, dftBasoltageset such
that the detected output voltage of the voltage detecting neans, supplied

to the anai@el@i gotighcqiorderAefte®STBNE sBEfESREdEd BRHUS voltSpcthiBy S a
positive voltage. 9. The nethod as set forth in claim7, wherein the

battery ispgsififd boltdde is Achit&dliahdla@ sRBters, aace\lpskllt%g@ iofal@llafcgast one cel |
in a battery, the circuit conprising: a first input selector adapted to be

coupled to a p0§rjef,is\r[q miS@@gp&w&@L@ggFg 49§y each cel | ; 26 Decenber

2002 26 a second Input selector adapte e coupled to a positive and
negative el ect rRggub-step S1, the first input selecting means 22 selects the ground potential

GND, while the second input selecting means 24 selects the negative-voltage



of each cell; a voltage detector having a noninverting input term nal
connected to the first input selector and an inverting i ppyeckRbE} P02
connected to the second input selector; and a processor having an

anal ogue/ di gital converter coupled to t he vol t age detector and an
arithmetic unit coupled to the anal ogue/digital converter. 11. The circuit
of claim 10, wherein the voltage detegdéor further includes an operational
anplifier having a plurality of resistors. 12. The circuit of claim 10,
wherein thﬁ first_%n ut s Iecg r,% qﬁpégd to a round Otfft'aH and t he
second i fgtPramede an-‘sv 66178 t! F il SelPeinig SYPIEE The
circuit of claim1l12, erein the first input selector is electrically
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coupled to a negative reference voltage. 14. The circuit of claim 10,

wher ei n tthenfiats§? phihstopsetteprdpmipbifieodplietha wltegosislactarsd efeledhee vol t age
and the second input selector is coupled to a ground potential. 15. The
circuit ofecohdiinput4clentieg sicans Ré shpplsts 4 mymativs eblegofroimsthelnegativecal | y
coupled to a positive reference voltage and the second i nput selector is

el ectri catdlyage @dlibetink Qe fer@ic@UdtapeR6nisiaddecond output voltage V2 to the
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the first input selecting means 22 is not connected to GND while the second input

selecting means 24 is not connected to the negative-voltage calibrating reference
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w0 ZlO(yLOle to tf@: cg%l(l)r(i/gnugo(d)e voltggg zlif&the vo){tage detector 30 1s delivered to the A/D
converter 43 of the processing means 40.
At sub-steps S3 and S4, a common mode voltage from a same cell can be
supplied to the voltage detector 30 via the first and second input selecting means 22
and 24 to provide the first detected output voltage (preferably, positive voltage)
indicative of the error due to the common mode voltage at the voltage detector 30.
Next, the operation goes to step ST3. Step ST3 consists of two sub-steps S5
and S6
At sub-step S35, the first input selecting means 22 selects the positive
electrode of the cell while the second input selecting means 24 selects the negative
electrode of the cell. In this case, the first output voltage V1 of the first input
selecting means 22 is supplied to the noninverting input termunal 82 of the
operational amplifier 37 in the voltage detector 30 whule the second output voltage
V2 of the second nput selecting means 24 is supplied to the inverting mput
terminal 83 of the operational amplifier 37.
At sub-step S6, the operational amplifier 37 of the voltage detector 30
calculates a second detected output voltage 100B from the voltages supplied at the

inverting and noninverting input terminals 83 and 82 thereof The second detected

output voltage 100B is passed to the A/D converter 43 of the processing means 40,
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converted from analog to digital and sent to the arithmetic unit 45

Thus at sub-steps S5 and S6, the first input selecting means 22 selects a
posttive cell electrode and supplies the voltage at the electrode to the noninverting
input termunal 82 of the operational amplifier 37 of the voltage detector 30 and the
second input selecting means 24 selects a negative cell electrode and supplies the
voltage at the electrode to the inverting input tenmunal 83 of the operational
amplifier 37, thereby providing a second positive detected output voltage 100B

Based on the voltage amplification factor A of the voltage detector,
determined at step ST, first detected output voltage 100A determined at step ST2
and the second detected output voltage 100B determined at step ST3, the arithmetic
unit 45 of the processing means 40 in FG. 4 can calculate accurately and easily the
voltage E of an intended cell 1a, for example, using the following expression:

E =(100B - 100A)/A

Therefore, an error in resistance among the resistors 38a to 38d in FIG 5 can
be ignored, that is, an error due to difference in accuracy among the resistors in the
voltage detector 30 can be canceled by the first detected output voltage 100A.
Therefore, it is not necessary to use the resistors 38a to 38d which are expensive
and of a high precision and the voltage of each cell can be detected accurately and
easily.

At the step ST3, when the first input selecting means 22 selects a positive

cell electrode while the second input selecting means 24 selects a negative cell
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electrode, the first output voltage V1 from the first input selecting means 22 1s
supplied to the noninverting input terminal 82 of the operational amplifier 37 in the
voltage detector 30 while the second output voltage V2 from the second mput
selecting means 24 is supplied to the inverting input terminal 83 of the operational
amplifier 37 Thus, since the voltages acquired via the inverting and noninverting
input termunals 83 and 82 are always positive, the second detected output voltage
100B 1s also always positive Therefore, since the second detected output voltage
100B 1s acquired into the A/D converter 43 in the processing means 40, the range
of input to the A/D converter 43 may always be positive

On the other hand, since same cell electrodes (positive or negative) are
selected by the first and second input selecting means 22 and 24 to acquire an error
due to the common mode voltage, the first detected output voltage 100A from the

voltage detector 30 is negative as the case may be due to a variation in resistance of

the resistors 38a to 38d.

To cope with the negative voltage, the range of input to the A/D converter 30
has to be both positive and negative voltages, and thus the A/D converter 30 should
have a wider input range of voltage. Therefore, the A/D converter 30 should have a
higher resolution and thus will be expenstve.

Fora n A/D converter 43 having not so high a resolution and thus not so
expensive, the voltage detector 30 according to the present invention employs the

resistors 38a to 38d each having such a resistance that the first detected output
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requirement:

RBBb > R]Sd

where I{E%E"i;tﬁéi"{‘esisﬁaﬁee—o@ﬁfe resistor 38a, R, 1s the resistance of the resistor
38b, Ry, 1s the resistance of the resistor 38c and the Ry, 1s the resistance of the
resistor 38d.

To meet the above requirement, additional resistors 38e and 38f should
preferably be provided for combination with the existing ones 38a to 38d as shown
in FIG. 6. Of course, the resistors may be combined in any other manner than
shown in FIG. 6.

Since the calibrating reference voltage 26 is used while the range of input to
the A/D converter 43 1s always positive as having been described in the foregoing,
the range of input to the A/D converter 43 of the processing means 40 can be only
positive and thus the processing means 40 can be rather simplified in construction
and thus be inexpensive

FIG. 8 1s a circuit diagram of the fifth preferred embodiment of the cell
voltage detection circuit according to the present invention The cell voltage
detection circuit 20 in FIG 8 is similar to that shown in FIG 4 provided that the
first input selecting means 22 can select and be connected to a positive-voltage
calibrating reference voltage 126 via a sense line 159 and the second mput selecting

means 24 can selected and be connected to the ground potential GND via a sense
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noninverting input terminal 82 of the operational amplifier 37 in the voltage
detector 30 via the first input selecting means 22 can be compared with the ground
potential GND supplied to the inverting input terminal 83 of the operational
amplifier 37 in the voltage detector 30 via the second input selecting means 24 to
check the amplification degree of the operational amplifier 37 of the voltage
detector 30.

The rest of the voltage detector 30 1n FIG 8 1s sumilar to that in FIG 4 and
so will no longer be described.

It should be noted that the present invention is not limited to the preferred
embodiments having been described in the foregoing,

The aforementioned embodiments of the present invention use so-called cell
However, the voltage detection circuit according to the present invention can be
adapted to detect a voltage of each of a plurality of batteries each including a
plurality of cells connected 1n series to each other

The voltage detector (including the operational amplifier, etc.) can detect
voltages of the plurality of cells and thus the circuit calibration can be sunplified
and the voltage detector may be inexpensive.

An arithmetic unit such as microcomputer is used to calculate the proper

amplifier factor of the voltage detector 30 and also measure an error due to the
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corrected based on the measured error  Therefore, the operational amphifier 37 in
the voltage detector 30 and resistors provided for the operational amplifier 37 may
not be of so high a precision.

The voltage detection accuracy of the voltage detection circuit 20 1s not
influenced by a voltage of each cell, ime change of the voltage detector 30 and
temperature variation, so it 1s possible to measure the voltage of each cell.

Since the range of input voltage to the A/D converter can be limited to a
positive one, the resolution of the A/D converter can be determined only with the
resolution of the cell voltage If it is necessary to determune both ranges of positive
and negative imnput voltages to the A/D converter, a 2 bits higher resolution, for
example, 1s required

To detect a voltage of each of a plurality of cells connected in series to each
other, the embodiment of the present invention comprises the first and second mput
selecting means, voltage detector, A/D converter, arithmetic unit and calibrating
reference voltage 26 'The range of input voltage to the A/D converter can be
limited to a positive one

It should be noted that the sequence of the steps ST1, ST2 and ST3 for
voltage detection is not limuted to this order but they may be swapped between

them except for the step ST4 which is to be done finally
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cell to select either the positive or negative electrode of a selected cell and acquire a
voltage of the cell;

a second input selecting means connected to the positive and negative electrodes
of each cell to select either the positive or negative electrode of the selected cell and
acquire a voltage of the cell;

a voltage detecting means for acquiring a detected output voltage from output
voltages from the first and second input selecting means,

wherein the voltage detecting means comprises an operational amplifier and a
plurality of resistor provided for the operational amplifier, the operational amplifier
having a noninverting input terminal connected to the first input selecting means and an
inverting input terminal connected to the second input selecting means; and

a processing means for converting the detected cell output voltage from the
voltage detecting means from analog to digital for calculating to thereby determine the
voltage of the individual cell,

wherein the processing means comprises an analogue/digital converter to convert
a detected output voltage of a cell from an analog to digital, and an arithmetic unit which

calculates a digital output from the analog/digital converter to provide a voltage of each

cell.
2. The cell voltage detection circuit as set forth in claim 1, wherein the battery is a
cell.
3. The cell voltage detection circuit as set forth in claim 1, wherein the first input

selecting means can select and be connected to a ground potential, and the second input
selecting means can select and be connected to a negative reference voltage for

calibration of the cell voltage.
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mode voltage is applied to the noninverting and inverting input terminals of the voltage
detecting means, the resistance of a plurality of adjusting resistors provided for the
voltage detecting means is set to provide an output voltage from the voltage detecting
means and the positive output voltage from the voltage detecting means is applied to the

analog/digital converter.

5. The cell voltage detection circuit as set forth in claim 4, wherein the positive
electrode of the cell is connected to the noninverting input terminal of the voltage
detecting means via the first input selecting means, and the negative electrode of the cell
is connected to the inverting input terminal of the voltage detecting means via the second

input selecting means.

6. The cell voltage detection circuit as set forth in claim 1, wherein the first input
selecting means can select and be connected to a positive reference voltage for calibration
of the cell voltage, and the second input selecting means can select and be connected to a

ground potential.

7. A method of detecting a voltage of each of a plurality of cells connected in series
to each other in a battery by a cell voltage detection circuit comprising a first input
selecting means connected to positive and negative electrodes of each cell to select either
the positive or negative electrode of a selected cell and acquire a voltage of the cell; a
second input selecting means connected to the positive and negative electrodes of each
cell to select either the positive or negative electrode of the selected cell and acquire a
voltage of the cell; a voltage detecting means for acquiring a detected output voltage from
output voltages from the first and second input selecting means; and a processing means

for converting the detected cell output voltage from the voltage detecting means from
analog to digital for calculation to thereby determine the voltage of the individual cell,

the method comprising the steps of:
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input selecting means to supply from the voltage detecting means a positive detected
output voltage to the analog/digital converter of the processing means and calculate an
amplification factor of the voltage detecting means based on a known calibrating
reference voltage connected to either the first or second input selecting means;

supplying a common mode voltage from a same electrode of a cell to the voltage
detecting means via the first and second input selecting means to acquire a first positive
detected output voltage indicative of an error due to the common mode voltage supplied
to the voltage detecting means;

supplying to a noninverting input terminal of the voltage detecting means a
voltage at the positive cell electrode selected by the first input selecting means and to an
inverting input terminal of the voltage detecting means a negative cell voltage selected by
the second input selecting means, to acquire a second positive detected output voltage;
and

calculating as follows by the processing means to determine a cell voltage:
Voltage E=(second detected output voltage-first detected output voltage)/voltage

amplification factor.

8. The method as set forth in claim 7, wherein at the step where a common mode
voltage is supplied from a same electrode of a cell to the voltage detecting means via the
first and second input selecting means to acquire a first positive detected output voltage
indicative of an error due to the common mode voltage supplied to the voltage detecting
means, the resistance of the plurality of resistors of the voltage detecting means is set
such that the detected output voltage of the voltage detecting means, supplied to the

analog/digital converter of the processing means, is always a positive voltage.
9. The method as set forth in claim 7, wherein the battery is a cell.
10. A circuit to detect a voltage of at least one cell in a battery, the circuit comprising:

a first input selector adapted to be coupled to a positive and negative electrode of

each cell;
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a processor having an analogue/digital converter coupled to the voltage detector

and an arithmetic unit coupled to the analogue/digital converter.

11.  The circuit of claim 10, wherein the voltage detector further includes an

operational amplifier having a plurality of resistors.

12.  The circuit of claim 10, wherein the first input selector is coupled to a ground

potential and the second input selector is coupled to a negative reference voltage.

13.  The circuit of claim 12, wherein the first input selector is electrically coupled to a
ground potential and the second input selector is electrically coupled to a negative

reference voltage.

14.  The circuit of claim 10, wherein the first input selector is coupled to a positive

reference voltage and the second input selector is coupled to a ground potential.

15.  The circuit of claim 14, wherein the first input selector is electrically coupled to a
positive reference voltage and the second input selector is electrically coupled to a

ground potential.



