"Battery charging device". * * * * DESCRI PTI ON The
present invention refers to a battery-charging device.

w@2a0b04371chargers are generally known in the sPEE/EBP29D5/055338
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the technique, for exanple cellular tel ephone
batteries, as batteries of the Litio.lon type. The
chargi ng of these batteries cornes about according to a
known constant current (CC) and constant voltage (CV)
procedure. During the battery chargi ng phase the
charger works according to a current regul ation
procedure, that is a cdinttenntharging devica’s supplied to
the battery. In the neantine,hg,voltage on the

battery grows until it reaches its steady state charge
value; in proximty of thDESGRIBEIONhe charge current
starts dimnishing until it nullifies itself and the

char ger ehb&present ivgplionysters toa patterhehasging devicpat i s
the batt ' iapeg%f j :
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requi red. ..The val ue eneral.ly required are. 10% f or

the char gEeSaFEIRE OLBHSCIBAPEFS SOmes ARG asturdingdp akgavn
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temperature of the device does not exceed the thermal
| i m t katterysehagipe pbase ghewharges works ageprding to @ecugrgpiregulation
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the current of .a battery_ LOAD ans VA, DI suitable
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couple of P transistors and M2~ havi ng the source

t er mi reghlatiomphkase gliattis therbattenyus suppllied gath\a constahevaltage.n

Generally in this procedure high precision of the regulated current as
well as the regulated voltage is required. The values generally required are
10% for the charge current and 1% for the regulated voltage. In addition it
is necessary to control that the temperature of the device does not exceed the
thermal limits also depending on the charger device used.

Among the various types of battery charger devices one that is
generally used is shown in Figure 1.

The device comprises means CA, D2 suitable for regulating the
current of a battery LOAD, means VA, D1 suitable for regulating the
voltage and means PA, D3 suitable for regulating the power.

The device comprises a couple of PMOS transistors M1 and M2
having the source terminal connected to an input voltage Vin; the drain
terminal of the transistor M2 is connected to the battery LOAD having its
other terminal connected to ground and the drain terminal of the transistor
M1 is connected to the source terminal of a transistor M3. The latter has the

drain terminal connected to a resistor R having its other terminal connected



termnal of the transistor M2 is connected to the
battery LOAD having its other term nal connected to

w@e@aes7and the drain term nal of the transi st BCT/EP2005055338
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connected to the source termnal of a transistor M.

The latter has the drain term gal connected to a
resistor R having its other tefni nal connectedto

ground. The gate termnal of the transistor M3 is

driven by an operational anmplifier 1 having the
inverting and non-inverting input term nals connected

r espetotgroandy The gath derdringl of thertransistos MY istdniven by as operatignal
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termnal the terrEer ature of the charger device Tdie
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b iRl s Y P DR DGR AR Byt an

t he Cthatamplhﬁef PAvas fiMnbutt onathe irslefting tbﬂnnﬁﬂdh&telnﬁoerature of the
carried out, by e error_anpljfier CA hecause the
er r or g deyigs T 34& meoaﬁ%v%{h@é{amngﬁwhagsfgr%at

bei ngtehix%ﬁatﬁr@%eﬁ he voltage Vref. Wen the voltage
Vout reaches the voltage Vref, the control of the

t ransi st oPsring thaclid@ingadwesof the battern OAD there igAhe¢ eurtrent

supplles urren e direct bi the .
ai baereBitafipp pheteBE G obgie MOfhgsiar 1Al iy M2 i iea
t enpes@thyrthe frort ddepliFea CPEbecat e thE ertrsr dih}ﬂhﬁir WA &RunbiRnced,
reference tenperature Tref, the control passes to the

anpl | Pieapltzge Youtbemelesthan the xekage: Vet thgyyoltage Vout
reaches the voltage Vref, the control of the transistors M1 and M2 passes to

the amplifier VA that supplies all the current needed to directly bias the
diode D1 while the diode D2 is cut off.

If the temperature of the charger device is higher than the reference
temperature Tref, the control passes to the amplifier PA that directly biases
the diode D3.

So that the regulated current on the charge is very precise the voltages
between drain and source of the MOS transistors M1 and M2 have to be
equal to each other. As both the MOS transistors have the same voltage

between the gate and source terminals, the charge current is equal to that of

14!

reference E multiplied by the ratio of the areas of the MOS transistors

M1, M2. For this reason the amplifier 1 is introduced to maintain the drain



So that the regulated current on the charge is very
preci se the voltages between drain and source of the
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other. As both the MOS transistors have the sane
vol t age between the gate and squrce termnals, the
charge current is equal to that of W reference
multiplied by the ratio of the areas of the MOS
transistors KM, M. For this reason the anplifier 1
is introduced to maintain the draintermnals of the
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whi ch has "a | ower nunber of conponents and
occupsaid batteny. area in the chip where the deV| ce is
integrated. Wth.said device we.also have high

pr eet's; ont TR otE ReSe ol Rl P RS fn B

t he vploiadrd which h& PRWeLhiymber of components and a lower occupation

of area in the chip where the device is integrated. With said device we also

have high precision in the phases of regulating the current and the voltage in
the battery.

The characteristics and the advantages of the present invention will
appear evident from the following detailed description of an embodiment
thereof, illustrated as non-limiting example in the enclosed drawings, in
which:

Figure 1 shows a battery charger in accordance with the known art;

Figure 2 shows a diagram of a battery charger according to the present
invention;

Figure 3 shows a circuit implementation of the battery charger of Figure
2;

Figure 4 shows the diagrams of the time trend of the voltage Vout, of
the output current Iout and of the temperature Tp in the charging phase of



The characteristics and the advantages of the present
invention will appear evident fromthe foll ow ng
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illustrated as non-limting exanple in the encl osed
draw ngs, in which: Figure 1 suows a battery charger
i n accordance with the known art; Figure 2 shows a
di agram of a battery charger accor di ng to the present
invention; Figure 3 shows a circuit inplenentation of

t he battery charger of Figure 2, Figure 4 shows the
di agr thadatiéryobtainedreith therdaviet of Rigureo indhe cagsthat nofreguiation
out pufe .the tenperature Tp in the
charg‘it’ng Hh m%tra %fxa%rg(tlﬁ "battery obtained with the

devi ce oFlgEregaJisan%nlargdrﬁ@t 665 part bbthe rdtagr@g of thkitinie ®th of
the tenperature is carried out; Figure 5 is an

enl ar heserentdputpfFigure 4t t he di agram of the time path
of the c Pfénq 5 t

di agr arrsﬁlg t Seﬂoﬁé trtr}éé){h? g{r?%g o? t}% tgﬁé\z/%?ﬁcggigthég ut, eo\?%tthog
out puthe outpuécdrrdnd Idut and obthe tiérapdratopeeF@inthe cffapgmg phaee of

et O RS i DR LA e e AR S5 o

t enpefhatsthferhttreCigchiried ogtlt . Wth reference to Figure 2
a diagramof a batter1¥ chargi ng device according to
i

t he pr eseMithirafessnce ¢mbigareshe diagramhef ajbaneaed@aégwgﬂg@ge a
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dr ai noft RVIDIStednsizfors NH Otahd MI(}Shawﬁng’vﬂh@sm&ce tmmi—nal eshrieoted to
t he bat,ter%/ OAD having its other term nal connected
g

to gryuiaul veiese N %o ferewna’ ghihreitepsisier #1105 cennegtyd
sui t aplige Hatte # LOVAIB‘ Qa\hﬁg 1t9 @fh%r feﬁhﬂfapé’dnﬁe&Ed H“ ound The

transi stors drain term nal
charging device compnses a c1rcu1t 100 suitable for dnvmg the gate

terminals of the transistors M10 and M20. The drain terminal of the
transistor M20 is also connected to circuit 100; more precisely said terminal
is connected to the drain terminal of a transistor M30 being part of a current
mirror M30-M31. Said current mirror is suitable for mirroring on the
transistor M10 the current 130 proportional to the current Iref coming from a
homonymous current generator. The latter is controlled by an operational
amplifier PA1 having in input on the inverting terminal the reference voltage
Vref2 and on the non-inverting terminal a voltage V(T) proportional to the
temperature of the device; the voltage V(T) is produced by a device 2 that is
sensitive to the temperature. When the temperature of the device increases
and the voltage V(T) becomes the same as the voltage Vref2, the amplifier
PA1 acts commanding a decrease of the current Iref. Consequently the
current [30 and the charge current that flows in the transistor M 10 are also
decreased. Consequently the power dissipated in the transistor M10
decreases and this also makes the temperature of the device decrease; the

intervention of the amplifier PA1 occurs until the balance between the



transi stor M20 is also connected to circuit 100; nore
precisely said termnal is connected to the drain

W@ 2006i0477 of a transistor M30 being part of a BUFERIWS/055338
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mrror MBO-M3 1. Said current mrror is suitable for
mrroring on the transistor Mgthe current 130
proportional to the current Iref coning froma
hononynous current generator. The latter is controlled
by an operational anplifier PAl having in input on the
inverting termnal the reference voltage Vref2 and on
t he nismperajure of thy dewicaiand thezcuyreht indransistoy MolOdhamrodieas
to thg.t ture of the device; the voltage V(T) is
produ@ésatgﬁ;@g%agg%/slrg%c}]ﬁ&t hat is sensitive to the

t enper at UTke didtheterrhingls b tHeatanbidtoes Wil 0taRé MiEVAre @onnected to
i ncreases and the voltage V(T) becones the sane _as the

vol t athé nopdnvertinggndipyeriing dpupigrmipatsof ap opgiEPRA) cEror
decre : : . .
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Phi's sired BERECY pehasd Rplahfieral igpuitbhls HEGHGRE % FiSisors
decr eRR©;anll M20. The aMPNFitOVWAQThat REinptidd the MiveRMNg t06siHAIS
until the bal ance between thetenperature of the device
and tTederennerveliags Wreft and o thgmoptinyartiag tepnalidheyoltagesVout
t enpe | Sqf Y ' I\ .

t ancy apfefnlgdls S Gt PO T sb BN M igBle S

non- i miplifiér QA Bikdtoh n]ewerl dftiomlge ieﬁflimgl T)&Eg’dlﬁlﬁJ thatab ;]}&rdrain
operational error anplifier CAl belonging to the drive
circ cietmgbot gaptpiY 1 B indthis maRpey F LopeAnstiBizg gwgl&
Wi U0 4o Rl ONY, b Th @B ARG CUA! ity e AR B104Hd
on a circult bl'oCk CVA whose output Signal Is suitable
f or dM20ibetpgtihequitibrigingtmeintaing e ankageB On thehdramrtpiniihale of

VAl has .in_.input.Qn inyertin erq pal .a.reference
vol t a0 SoprPR A0 Bpd Mg YR sl EF BEbIE g HEVRRn
vol t agie vdhute Voutighews Mdsa{ssst&ﬁ¥l slag: vaid Bfef, wifut thehfeed
non-inverting input of the anpliitier CA is connected
to t hie Rreide pdirthes ampljfication, stagrathq regwlpted gpgpm is thus exactly
term palea ik .4 F)% Ei%?e%.% SbrPdnt Megnuitﬁ)h{eﬁ 'b§ {RPRAG of id%reas of
| oop conattruted y the

the transistors MOS M10 and M20. The circuit block CVA is equivalent to

an adder node whose output signal coincides with the output signal from the
amplifier CA1 or with the output signal from the amplifier VA1 when one or
the other are active. The amplifier CA1 has a bias current Ipol controlled by
the output signal of the amplifier VA1.

During the current regulation, the voltage Vout increases until it
reaches the reference value Vrefl. When this comes about, the system
gradually reduces the bias current Ipol of the stage CA1 to zero so that the
active regulation loop becomes that of voltage, constituted by the amplifier
VAL, by the block CVA and by the MOS transistors M10 and M20.

A circuit implementation of the device of Figure 2 is shown in Figure

3. When the battery LOAD is discharged, the voltage Vout is less than the



anplifier CAl, by the circuit block CVA and by the
transistors MO and M20 being in equilibrium

woreion#i7ms t he vol tages on the drain termnm nal SPOF/EP1985/055338
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transistors M O and M20 at the sane value for the
whole tinme in which the voItagg_Vout grows towards its
steady state value Vref, without the need to provide a
further anplification stage. The regulated current is
thus exactly the sane as the reference current Iref

multiplied by the ratio of the areas of the
t r ansteferoncs vollegaWW ©f zthel ampdfierTia 1 d$ whalanced askthewmor s

equi v ot t a ode u ' l
cai nehpET AP PRl by R GrsHEDY) By R Pirpgrg formed
CAl  Oby ihictPMOB era@sibtor Ma1-gniddl ardd 9iht NMOSRtankists MAB-M44.
when gne or the other are active. The anplifier

) . . : CA
has alBisgurrentds e mipened in e NYIOSHTansistan M, apthe output of
sign r . : >
equr e gt S AT oS or oS bt Hiforsi4&bas, Pmos
r eac hizansistay migfoey M6 M4 A hneNWM@S kransistwemirtdrs M4SaMES.

bout, t . .gr adual | t-he bi
ool or ¢ hee ATl G A L BB LS Pios
regul féds@fors M7 -DBQ WRSe EAB terfHinal Phre 28fne kA thd dthind

by the anplifier VA, bK/Ithe bl ock CVA and by the MOS
t r anstesminals afiti sangisiary M2R and M 10, segsitp iregubatingitho phasge

ba t orif g B EOAD By AN of Barbll gty MAPLSE i,

t han sehdingftRe sipaat 1y tHetoagmit Magé CVIA) @endrples fd the tidfdistosMSS,

unbal anced and the error anplifier CAl is hiased by

the cBi¥ PERS Qiis Custenhaamer OM%‘S,mqurrswstiwdqa??@a%@e Chigent
PMOS &80 fihsdi@6oMN8 LinVHR ndfdleihe bRG1DIER of HSHehQlie
MA3- MA4. This current 1s also mrrored in the NMOS

t r ansobstioed. \Ih@, drain terinanal of thettrap®iston Mt iagenr@oikd thy

means, of . N ransistor mrrors M4-M5 = PMOS

(T ano RIS | 5 SRR SRR i1 B IGFOP i ¢ r or s
MAB- MAO. TheartplifieeAl tethpiides @ Qiffdredtie s@pPwith PAMOSA |
constituted bg the PMOS transistors Mpl- Mb2 whose gate

t er mi Wensster MOk on dep gate terminglsafsaiddransisigrsthere g

LA S paftF o Qe ot By VR B21 B DA e

voltage Vrefl. The source terminals of the transistors M62 and M63 are
connected to a generator of the bias current Ipol and the drain terminals are
connected respectively to the drain terminals of the transistors M44 and
MS56.

It should be noted that, in current regulation, the amplifier VA1 has no
effect because of its unbalance that prevents the passage of current in the
current mirror formed by the NMOS transistors M56-M57.

The amplifier PA1 comprises a differential stage with PMOS transistor
M64 and M65 and a current mirror of NMOS transistor M66-M67. The
source terminals of the transistors M64 and M65 are connected to a

generator of the bias current Ipol2 and the drain terminals are connected



current in the battery LOAD by nmeans of transistor
mrror Mb3-Mb4 which, sending the signal to the output

WG R@ge4ZVYA, generates in the transi stor Mb5, bDRCTERIU85/055338
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of the current mrror MO-M5, a current that bal ances
the current of the transistor_ng; in this manner the
equilibriumof the currents is obtained. The drain
termnal of the transistor Mbl is connected to a

transi stor M6l in diode connection, connected in turn
to ground. The anplifier VAl conprises a differentia

st ageregpachivelyBstherdsain iterminalpsithyransigorstVe6 gad M67. The gate

term f id .t A st.or a T tXx

e pelhPaflor iR dhlsRRS MR MAERE Bhfecked (84 ERonce

t he raflegeneenwalitagre Witegd V(TMhmdshsidam teahirhinglthe Rinsistor
the transistors M2 and Mb3 are connected to a

gener Mo4is eanneefed f the gateteaynpal|qf the trangistasMef-ai n

term nal s t:] e :
torm nal o ore eRBORREL 8PSy RERL MR ST 5 T
not edlesshthan Viref2cthe meplifiecBAl & unbalancdiandrtpinis offahe Wahsistor

has n ffect. because of i nbal. ance. t hat. pteyent.

the pHeB. BB et Rt e e R amvaR o D R
the NM2B ahﬂ,adiﬁin?ttﬁ’é éntiyd éhdY?iﬁg phb® GFTR beticdy, thegulated
conprises a differential stage with PMOS transistor

VB4 asiiraubB exaetlye myHinknef the evsent dref mtis amplifidr £i/ok sees to
M56- alliTlgqhéc' S o&germlﬁgééoﬂﬁe {l‘gr?slsrt#rgﬁf OS%n%rNQIZb{B 4

and ar € ‘connected to a®generator o e Dbl as

current | Haohetemperature ofitheispstemrisuvhltbatal (@) reaches Vref2, the
connect edrespectively to the drain termnals of the

t r ans§tegsoal smbﬁaeﬁ.a peerf b @irreat Hehalitae prrerd30-M31.

tr ansgghRhgetiyAh&8hr Murfthis 18R TR iRthdnfin® VafieShRCRiN
vol tage Vref2”and to the voltage V(T) and the drain

t er mi sedtle tsfelfidh e valuatkdt balancdyBlie fesperature of 8 dewice Ag

gate term.nal of .the.transistor Me8. If the
ten‘pe?caff){ﬁnég ftg?ﬁoérng%tem is such that the signal V(T)
=K x T is |esgjtmgmnbVi(Bin Vdupp Rapkpfier PAl is

unbal anced and( turns off the transistor Mb8. Thus the
r ef er enceWhere lamb ip thertemperaiyre petpide ghersysfieas Iqud is the charge

transy 3 and 6 is the thermal resistor of the package of the device.

The temperature loop, being dynamically slow because of the reaction
times of the package, has a dominating pole almost at the origin and has no
need for compensation.

When the voltage Vout reaches the reference voltage Vrefl, the
amplifier VA1 balances itself and the NMOS mirror transistor M56-M59
tends to subtract the bias current Ipol of the amplifier CA1 which then turns
off. In this manner the stage VA carries out the voltage regulation of the
output.

The compensation of the regulation loop current/voltage has been
carried out by means of a Miller capacitor connected between the gate and
the drain terminals of the transistor M20.

Figure 4 shows time graphs of the voltage Vout, of the output current



M2O and, during the entire chargi ng phase of the
battery, the regulated current is exactly a nmultiple

w@Roobhes7eurrent Iref, as the anplifier CAl seeBRCT/BP2005/055338
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equal | ing the drain-source voltages of the transistors
M O and M20. If the ten‘peratur_s_of the systemis such
that V(T) reaches Vref2, the stage PAl tends to
subtract a part of the current Iref at the mrror
MBO- M3 1. Consequently the charge current is |ess than
its nomnal value and it will settle itself at a val ue

t hat loat andcefshe tﬂa;neeam rEptipithe gfarging phiaseiof dlethattery, with an
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this manner the stage VA carries out the voltage

r eqgul Bout dyring the ﬁ@rr@utrfzgnlatlonh@h%wsﬂﬁy@mmmfwmﬂels 0.2%, is
regul g Itgm%}*té@op current/vol tage has been carried out

by nea a MIler capacitor connected between the

gat e and Figeredy shon/sttﬁﬂidrgraﬂh@faﬁe Vdieagt Vang iof ther oyl .current
Figure 4 sho tinme aphs, o the vol age Voyt, of the
out pukou&wfﬁ? simpegieredip inee ¢harging RbasF e ﬁ*ﬁ%aﬁe%yh‘@hen
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the systemis |lower and thus the charge current is
equal to that programed. In voltage regul ation the

w@b@oges7eur rent decreases until it annul s itsePET/EP2H05/055338
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the regul ated voltage on the battery is 4.1V, as per
specification. Figure 5 shows ?n enl argenent of the
charge current of the battery Fout during the current
regul ati on. The excellent precision, which is 0.2% is
hi ghli ghted. Figure 6 shows tine graphs of the voltage
Vout, of the output current |out and of the
tenmperature Tp in the chargiGlgAIM3se of the battery

when Vi n= at an_exter e t :

per or o, % ie St 65 ARl ARAIeR) CRaing i £
case (MeO)tadpeeesnd (®120) tlahdste ¢hidaransistoyM B, M2B beihgO
C, lowering the charge current to approxim

I
0, 24AcEnpgtRabtojan inpyh vallage,{ Yighpnd lfaéﬁingcfl’}ﬁl?‘&it‘?ft&ﬁ%?ﬁbél’? Qytput
conprf-zhixd1 & saicgf'i’lt%f tréhsistdriM 1@% %%’be)%teggg %gg A

transi stor, sal ransi stors
c onnedt@AD),sazlrdevitp ebmpoking geircit ()00 hat duevingsyidtmansistors

t ' , t.put .term I f [ fi t .
trans 1M s SRS et B coltpriBedinplhdine (G suitable
( LOADYor répillingeNe &fren® (IBﬁ‘d? $1 §46d Batfelry Ging thé @RArgfn@rphase of
driving said transistors (MO MO), said drive

]E: i r cusaid batpny (@AY oéliawgteripepdlg,i’p thatanid firgiangans (CAdbie
TR TR

char a@v &0, M2@) thérsdneaduriig tHe Ehdrging phasesof c&idlbattetyLOAD).
suitable fqr keeping.the voltage on the output

t er mi nal s>-Jfevéesi a¢cQTinesp slaps- ¢ esterigsdjn fhabsalg fiest means
dur i ngJAa fc)%oﬁgﬁ’fsg b Bpé}l%’tﬁfal %pﬁﬂérqlabﬁigttﬁé e Bhd nén-

Devi c cording to claim1, characterised in"that
sai d iversing impah serindally canoegied tethe nuippeierminalsalf said transistors

anmpl i fii ing,the invertin nd noninverting input
rerm FE M3, S0 baab el e IRl R e

t r anstrads@tsrs (M16) MYBPb, préviidéla epdstak camedt tasamd battey
being suitable for driving said transistors (MO MO)

to prdf4B).a constant current to said battery
3. Device according to any of the previous claims, characterised in that

said drive circuit (100) comprises further means (VA1) suitable for

regulating the voltage (Vout) of said battery when the voltage of said battery
has reached a reference voltage (Vref).

4. Device according to any of the previous claims, characterised in that
said further means (VA1) are suitable for turning off said first means (CA1)
when the voltage (Vout) of the battery has reached said reference voltage
(Vref).

5. Device according to any of the previous claims, characterised in that
said drive circuit (100) comprises second means (M30-M31, Iref, PA1)
connected to the output terminal of said second transistor (M20) and suitable
for setting the current that flows through said second switch means.

6. Device according to claim 5, characterised in that said second



(LOAD). 3. Device according to any of the previous
clains, characterised in that said drive circuit (2100)

w@owpsses further means (VAl) suitable for repi/BEPiong055338
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the voltage (Vout) of said battery when the voltage of
said battery has reached a re_fﬁ]_ence vol tage (Vref).

4. Device according to any of e previous clains,
characterised in that said further neans (VA ) are
suitable for turning off said first neans (CAl) when

the voltage (Vout) of the battery has reached said

r ef er maans (MRA0MGe, lrak BA)Y) c@npridevnesas (oA brsyitalje fer vanying the

of the prewxi,ous ¢l aj haracterjsed.in.. | d
ar i veSu g o0 i ing FRELESLBARFF b Bl Rtprecore
I ref, offAk Hewdes)nected to the output termnal of said
second transistor (M20) and suitable_ for setting the

P0) . for .
current thdevigeRsgordNe i S, ghagacieringd dtfhat spidipecaad
6. Deyi gm el ' C j '
said I\sﬁg%gsn( nmeans 1’?ﬂl\/‘f31101-3 %Z?Aﬁ%’a %%e?&%%%a?(?gleﬂeﬂégﬁé{s @
( PAl ) sessitive i the ftamperatnse ang stittgble forpeoducink30Voltage §¥{10)) in
second transistor 0) i.n function of t e rature
o ¢ hiinghGT e mesiit ot e e a8 pant O DS ot
char a@dr%drﬁlgdhé' Voltddd(VER) Prodaccd sl SIRPRDsitiVE Beldss wWith a
Iref, PAI') conprise a current generator (lref), neans
(2) shuther jefesencs volage @FpR) and varymgdhe eyrrenb (180} o said
produgj i Y ' t he
t en‘pe%g{;%dr {ga%sgt(ﬁrﬁgﬁé)é% gy)é&%éf{t;oiréeégér:é&%%ﬂ%n'sui table for
conparing the voltage (V(T)) produced by said
sensitive neans with a further reference voltage
(Vref2) and varying the current (130) on said second
transi stor (M20) in function of said conparison.




