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path and resgin¢hangs of rephatgeable batteries (lithium, lithium-ion batteries, etc.), assuring the

10 power supply of portable devices of various types (telephones, lap-top computers,
timepieces, etc.). '

it is known that rechargeable batteries of this type require protection against
inadequate operating conditions (overcharging or undercharging of the battery, too
high charging or discharging currents, too high operating temperature, etc.) which can

15 appear when a load or charger is connected to the battery or during a short-circuit of
the battery terminals. This protection is necessary to assure that the battery
performance is not adversely affected.

These current monitoring circuits thus typically include current interruption
means which are placed in series in the battery current path and respond to signals

20 indicative of inadequate operating conditions, in order to interrupt the continuation of
the charging or discharging of the battery or, generally, in order to interrupt the flow of
a current in the battery which could have an adverse affect on the performance
thereof. These current interruption means are commonly formed of switches made by
means of MOFSET power transistors and controlled by circuits monitoring the level of

25 charge or discharge of the battery, the value of the current passing through it or the
battery temperature.

In numerous applications, these interruption means are formed of a switch
including a pair of MOFSET power transistors connected in anti-series, i.e. connected
source to source or alternatively drain to drain. Figures 1a to 1c illustrate three

30 examples of such a bidirectional switch with two transistors. Figure 1a illustrates a pair
of N-MOFSET transistors conneéted source to source, Figure 1b illustrates a pair of N-
MOFSET transistors connected drain to drain, and Figure 1c illustrates a pair of P-
MOFSET transistors connected source to source. Of course, a fourth solution, which is
not illustrated here, consists in connecting a pair of P-MOFSET transistqrs drain to
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are at the ” Ea%ﬁ ‘?tanss §8F'tnds ah'owsetﬂe current to be blocked in one direction while
allowing a current to flow in the opposite direction throdgh its parasitic diode. Used in a
rechargeable battery charge and diécharge monitoring circuit, one of the transistors
thus allows the battery charging current to be interrupted, while the other transistor
15 allows the discharge current in the opposite direction to be interrupted.

There are two determining factors when such a bidirectional switch is selected
and made. One the one hand, one wishes to limit as much as possible the value of the
series resistance (or conduction resistance) Rps_on of the bidirectionat switch. On the
other hand, one wishes to minimise as much as possible the time necessary for

20 making the bidirectional switch conduct, hereinafter referred to as conduction delay
time. |

These two purposes are in fact intimately linked and opposite. Indeed, in order
to reduce series resistance Rpg_on of the bidirectional switch, the transistors need to
be controfled with relatively high gate voltages, typically of the order of 10 to 15 volits

25 between the gate and the source of the transistor. The power transistors must thus
necessarily bear these gate voltages through the gate oxide which consequently has a
relatively large thickness and thus a large gate capacitance. This high gate
capacitance thus leads to relatively long transistor conduction delay times.

The shortest possible conduction delay time of the bidirectional switch allows a

30 quick response to changes in conditions detected by the monitoring circuit. This is all
the more important since in most applications, these circuits operate in a pulsed
manner and must thus respond almost instantaneously to the detected conditions.

One object of the present invention is thus to provide a control system for a
bidirectional switch with two transistors which, in particular, allows the two

35 aforementioned opposite purposes to be answered.

The present invention thus concerns a control system for a bidirectional switch

with two transistors, whose features are listed in claim 1.
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i nstantanggusly tq Fidife 9@lBFARE aGeACHAIM@mple of a current monitoring circuit or
protective circuit for a rechargeable battery;
- Figure 3 illustrates an operating diagram of the control system for a
bidirectional switch with two transistors according to the present invention;
- Figure 4 illustrates an embodiment in low voltage CMOS technology of a

25 control system for a bidirectional switch with two transistors according to the present

invention; and
- Figures 5a to 5d illustrate a set of diagrams of the evolution of the control
voltages of the control system illustrated in Figure 4, allowing the beneficial effects of
the present invention to be shown.

30 With reference to Figure 2, a protective circuit 10 for a rechargeable battery 1 is
shown. Battery 1 and protective circuit 10 form an assembly including two terminals a
and b between which a load 2 or a charger 3 may be connected.

The protective‘ circuit, which can be called more generally current monitoring
circuit 10, includes current interruption means, formed of a bidirectional switch 20, and

35 possibly current measuring means 30 arranged in series with battery 1 between
terminals a and b of the assembly. Thus, when a charge 2 is connected between
terminals a and b of the assembly, a discharge current IpiscHg flows from the positive
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gurrent momtonng circuit 10 further includes detection and control means 40

coupled to battery 1 and, if necessary, to measuring means 30. Detection and control
means 40 receive from battery 1 and measuring means 30 detection signals 100 and
300 respectively representing the level of charge of battery 1 and the value of the
current passing through battery 1. In response to these detection signals 100 and 300,

18 detection and control means 40 supply one or more control signals 400 to bidirectional
switch 20. The manner in which detection and control means 40 are made will not be
described here in detail. it needs only be mentioned here that these means typically
include, on the one hand, detection and comparison means allowing, in particular, the
voltage across the battery terminals to be compared to different reference voltage

20 levels and to provide in response logic state activation signals, and , on the other
hand, control means responding to these activation signals and forming the actual
control system for bidirectional switch 20.

In the following description, one wilt dwell essentially on the description of this
control system for bidirectional switch 20.

25 The operating principle of the control system according to the present invention
will now be described with reference to Figure 3. This Figure illustrates the operating
diagram of the control system for a bidirectional switch with two MOFSET power
transistors according to the present invention.

Bidirectional switch 20 illustrated in this Figure is formed in this example of a

30 pair of N-MOFSET power transistors 210 and 220 connected source to source. Each
of power transistors 210 and 220 includes a parasitic diode ("body diode") 215, 225
formed between the drain and the source of the transistors in parallel to the channel.
The drains of power transistors 210 and 220 are connected as described previously so
that the bidirectional switch is arranged in the path of the current the flow of which

35 must, if necessar,y, be interrupted.

In the application example used here by way of non-limiting example, since
bidirectional switch 20 is arranged in series in the battery current path (not shown in
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between the gate and the source of the transistor is greater than the threshold voltage
15 (typically from 0.7 to 2.5 volts) of the transistor.

Preferably, as was already mentioned in the preamble of this description, in
order to reduce the value of the series resistance Rps_on (or the conduction
resistance) of each of power transistors 210 and 220, gate voltages Vgate_cHe and
VGATE_DISCHG are preferably brought to levels such that the gate-source voltage of

20 each of the transistors is substantially greater than the threshold voltage (typically 5 to
15 volts above the threshold voitage). In order to do this, control means 50 preferably
include two charge pumps 510 and 520 respectively connected to gates 211 and 221
of MOFSET power transistors 210 and 220. These charge pumps are well known in
the art and generate a higher output voitage than their input voltage. Typically, these

25 charge pumps are able to double or triplé their input voltage. Itis to be noted that this
type of device is also known by the name of voltage doubler or tripler. In the
application example used here, it will be mentioned that the charge pumps are thus
typically adapted to triple an input voltage V4q defined as the voltage of the
rechargeable battery.

30 As is illustrated in Figure 3, two blocking switches SWcng and SWpiscHe
arranged respectively in first and second branches 500a and 500b allow each of gates
211 and 221 to be connected to earth in order, if required, to set the corresponding
power transistor to the “ OFF " state. It will be mentioned however that it is perfectly
possible to envisage additionally or alternatively that charge pumps 510 and 520 are

35 deactivated when the corresponding transistor has to be set to the “ OFF " state.
Blocking switches SWcug and SWpiscHa can then be directly integrated in charge
pumps 510 and 520.
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invention, advantage is thus taken of the fact that only one of MOFSET power
transistors 210 or 220 is set to the “ OFF " state when one wishes to interrupt the flow
of the current through the battery, the other transistor always remaining in the “* ON "
state. |

20 In order to take advantage of this fact, the gates of the power transistors have
to be connected at least temporarily for a sufficient time interval for the power
transistor which was at the “ OFF " state to become conductive again. It will be
understood however that the gates of MOFSET power transistors 210 and 220 can
perfectly well be permanently coupled to each other for as long as it is desirable to

25 keep both transistors at the * ON ” state. Of course, these coupling means must
necessarily be adapted to uncouple the transistor gates when one of power transistors
210 or 220 of bidirectional switch 20 has to be made non-conductive.

According to this principle, it will be understood that coupling switch SW¢p(

forming the coupling means can be controlled by a control signal formed of a logic

30 combination of the activation signals respectively controlling switches SW¢ng and
SWoyscHa- Thus, if one assumes that the activation signals CONTCHG and
CONTDISCHG are used to control respectively switches SW¢ng and SWpiscHa,
these activation signals being at the “ high " logic state when the power transistors
have to be set to the “ ON " state, the control signal of coupling switch SW¢p(_ can be

35 defined as the AND logic combination of these activation signals CONTCHG and
CONTDISCHG.



25 The operating principle of the control systemaccording to the
present invention w Il now be described with reference to Figure 3.

Th| s Figure illustrates the operating di agram of the control system
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to the present invention. Bidirectional switch 20 illustrated
inthis Figure is forned in this exanple of a 30 pair of N-MO FSET power
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low voltage CMOS technology, several modifications must thus be made to the system
which has just been described. Figure 4 illustrates an embodiment of a control system
for a bidirectional switch with two transistors made using low voltage CMOS
technology. Identical numerical references have been used in this Figure to designate
15 the elements common to this embodiment and to the operating diagram of Figure 3.
With reference to Figure 4, bidirectional switch 20 formed of the pair of N-
MOFSET power transistors 210 and 220 is thus controlled by control means 50
including in particular charge pumps 510 and 520 respectively supplying equivalent
gate voltages VeaTte_cHG @nd Vaare_piscre, in this embodiment, at three times input
20 voltage Vg4 supplied by the battery.
According to this embodiment, the first branch 500a including blocking switch
SWeHg allows gate 211 of MOFSET power transistor 210 to be earthed in order to set
it to the “ OFF ” state. Likewise, the second branch 500b including blocking switch
SWpiscHg allows gate 221 of MOFSET power transistor 220 to be earthed in order to
25 setitto the “ OFF " state. Blocking transistors SWcig and SWpschg are formed of
MOFSET transistors 511 and 512, respectively, one of whose terminals is connected
to earth. The gates of these MOFSET transistors 511 and 512 are respectively
controlled by inverted activation signals CONTCHG and CONTDISCHG.
Branches 500a and 500b each further include first and second protective
30 transistors 501a and 502a, respectively, 501a’and 501b, connected in series between
the gate of the corresponding MOFSET power transistor and the corresponding
blocking switch, namely respectively between gate 211 of power transistor 210 and
switch SWcHg on the one hand, and between gate 221 of power transistor 220 and
switch SWpiscHg on the other hand.
35 The gates of first protective transistors 501a and 501b are connected to each
other and controlled by a first control voltage V4. The gates of second protective



Gates 211 and 221 of power transistors 210 and 220 are respectively
connected to control neans 50 supplying first and second gate vol t ages
VGATE CHG and V[err] to gates 211 and 221, respectively of power

t Fansi stors 210 and 220. \When one orgt.-he other of these gate voltages
V[err] and V[err] is 10 substantially equal to the voltage present at the
node formed by the sources of transistors 210 and 220, which is earth
here, the correspondi ng power transistor is made non conductive, i.e.
set at the " tdnkistors50@zeand 5020rate cotrecieelto thels ether ants¢astroliegd hyoa secondt he ™

ON " state agal te voltage is brought to a | evel such that the
vol t age g%@ﬁ%@%?%gz‘gate and the source of the transi itor | S greater

than the threshol Cauplingg@tchsSWeeyiormed inthisresampledyoMOFSE] serRINdof ¢ he
transi stor.  yangstor 510, is %5%&(&%6‘(\%&%\@%6nﬁédﬁi@@ﬁ&dé@ﬂﬁét%@@ed:dhdt he

preanbl e of 1S qoescri ptron, 1n order to reduce the val ue of thog
series resbstpiatestieOBneIstqrs 0@t 2RZRRS firs Rranch 5003 andihg,ernnegifondiads ob

power transi Sﬁ@{%d@e@o@d"‘ﬁro%%@ve Gaisestorslsb g and 502y éflseadrill branch 8408 The ar e
preferably broug

t to levels such that the te-source vol e of 20 each
of the transi@itepetcquplingransisien 5&I°If9’“§j?%£ﬁee9°%[a’]ﬂ’§r§“f'tﬁé % ‘T’?nglﬁ?% ﬁlﬁcfrgra?be
(typically 5 {dhage VepllFeprasehtingdutivationtsigriate @ONTCHG/arid GQNYDISGHGofler to do
this, control ans 9 r rab i nc : SRS and 520
respectively t&lgﬁ?fégc?"g%hg%gg&*@é%ﬁwgﬁ&“?’z%lﬁg eh%g?xﬁ%g{:%%_gpom}/égage
transi st ong 2¢@r dsduliantialihe se as kunpouplergatesadld and|321 jghpowern transistors 2y art
and generate | 0 t : TP ORGEindiEdak ly,

t hese 25 cha%bégé%l}ﬁn%%n %ﬁeg&a c?{\gegt@@g@g%]g@%t@?%ahfig}?wgiﬂrb i npllf}'fi E\x}%lbt(?‘gdée. It
is to be not edng tftheserpaver transistprsehastto besetle the gFEOS@%\ﬁP“M?SFMe'“ﬁé‘?% of

vol tage doubl gy .4 Ble}?’aité%l fﬁ-a b2k B power traHRRkdrs 210 8Rd 22PEPhStoUsied there, it
will be nmentioned that the (?har

triple an i npblockes)ttangistordribey Eqp?df?bé u’g:g'g? Ef'i?rB'e \9%’?%@&@@8? \}tq%%’g Bg%glg\éfeg%ﬁgﬁ Sgahfe
battery. 3@ coupling f8ndistor 810U8 bcaigRttoid valieddiibstartially wquallto te duge soltagelves
5008 and 500bPRATGNSKES S10 GR 2D 211 and 221 Lo be connected o earth
in order, if requimesideritoassire tHaenome ofdsetankisigrs formingouatrol meamss3& has top o
bocoi ot to cHEhBmatirbeCh. PRORaR EE RS o phn vhmBR i b
and 520 are 501b as well as the gates of second protective transistors 502a and 502b are

20 controlled in the following manner.

In normal operation, i.e. when both MOFSET power transistors 210 and 220
forming bidirectional switch 20 are at the “ ON ” state (CONTCHG = CONTDISCHG =
1), first control voltage V4 of first protective transistors 501a and 501b is brought to a
value substantially equal to the gate voltage of power transistors 210 and 220, i.e.

25 approximately three times the input voltage Vg4. Second control voltage V; of second
protective transistors 502a and 502b is brought to a value substantially equal to twice
input voltage V4q.

When one or the other of MOFSET power transistors 210 or 220 has to set to
the “ OFF " state in order to interrupt the flow of a current through bidirectional switch

30 20 {(CONTCHG =“0" or CONTDISCHG = "“0 "), first control voltage V1 is reduced to a
voltage substantially equal to twice input voltage Vyq, while second control voltage V2
is reduced to a voltage substantially equat to input voltage Vgg.

This control method for the gates of protective transistors 501a, 502a, 501b
and 502b thus ensures that none of the transistors has tco high a voltage across its

35 terminals, which could lead to the breakdown thereof.

Figures 5a to 5d illustrate four diagrams of the evolution of the various control
voltages of the controt system of Figure 4 in response to activation signals CONTCHG



35 deactivated when the corresponding transistor has to be set to the "
OFF "-.state. Bl ocking switches SWerr] and SWerr] can then be
directly integrated in charge punps 510 and 520.

-6 - According to an essenPi-al feature of the present

I nvention, control means 50 further include coupling nmeans connected
bet ween gates 211 and 221 of MOFSET pomer transistors 210 and 220.
These coupling neans can easily be nmade in é

ui T oh S er rnCHSANTRIRGHS caRvberine et esr o 308 PrspentirepBubd Dasesn
transistors, ASidatohld éh%%&fe?éim'vfhldﬁ tee bRlirdctional switch blocks, At a dirst |pagod o the

t { thi le t
Peast t erpor alhess Aling £ ies) dig coatnuaoreias b e EREIEEE L SANTCHE 350 when
one or the otheNTOISCHESE O Nahen itsecondipeddd (padseBpis rea@tby\obeelmpsatuono t he
" OFF = g «f | ow af i3 it HERY Hé‘?e(t: aBSintheks Lo
the = o * SstiaaTgge TESNTBRoHGE 51 54, o Gt pEMa (oRASe CF BEPAARE | 2
and 221 of ﬁ/[lﬁSEEnﬂmm&on ofthe%imSeéGQNECﬁﬁO: ahd QQNT ct?l"reot Zns?stor at
the * CFF * state Flg%r@%%'tﬂusg%%@/sta(}"rﬂtdlagr%\lriﬁl%fch aLiRti6NGASS d@l‘@’ﬁ@r@é on the

transistor gate whi renal are shared with the

ot her transi sang CANIDISCHG argnilestiatess Figuee B SRMSE é?ﬁoﬂgldla,gr%@&'l%‘éatt‘ﬁé‘

conduction def@ycird® réHreée'ﬂta‘-ﬁvé bERE Ies@laﬁoradsfc{hé beubebyt \Ioltegecvguhuprphemb;del ay
time or 15 swtching to the " wi tch 20.

Accor di ng o thﬁ@agpuysa@ﬁta second curve b represen atwe r<T3'f=’the evolugon 0 sec:t::ncf1 constrol
voltage V; of second protective transistors 502a and 502b of Figure 4. Figure 5c

shows a third diagram illustrating a third curve ¢ representative of the evolution of first
control voltage V4 of first protective transistors 501a and 501b of Figure 4, and a fourth
curve d representative of the evolution of control voltage Vcpr of coupling transistor
15 510. Figure 5d shows a fourth diagram illustrating fifth and sixth curves e and f
respectively representative of the evolution of gate voltages Vgate_cHg and
VGATE_DIscH of MOFSET power transistors 210 and 220.
It Is thus to be noted in these Figures that during phase A and phase C
(CONTCHG =“1"; CONTDISCHG =“ 0 "), gate voltage Vgare_piscHg of MOFSET
20 power transistor 220 is substantially equal to 0 so that this transistor is set at the
“ OFF ” state in order to interrupt any continuation of the battery discharge. MOFSET
power transistor 210 is kept at the “ ON " state by applying gate voltage VGaTe_cHG
equivalent to approximately three times voltage Vgq. In this case, as mentioned
hereinbefore, first and second control voltages V1 and V3 have a value of
25 approximately twice and respectively once voltage Vgg. Control voitage Vcp of
coupling transistor 510 is kept substantially at 0 so that the gates of MOFSET power
transistors 210 and 220 of Figure 4 are kept uncoupled.
During transition to phase B (CONTCHG = CONTDISCHG = “ 1 "), control
voltage Vcpy of coupling transistor 510 passes to approximately three times voltage
30 Vgq So that the gates of MOFSET power transistors 210 and 220 are coupled.
Simultaneously, first and second control voltages V¢ and V3 of the protective
transistors pass respectively to three and two times voltage Vgg. As is clear from the
diagram of Figure 5d, it follows that the charges present on the gate of MOFSET
power transistor 210 which remained at the “ ON " state are shared with MOFSET
35 power transistor 220. The gate of MOFSET power transistor 220 is thus very rapidly
charged to a sufficient level to make it conductive by the transfer of a portion of the
charges of MOFSET power transistor 210 which remained at the “ ON " state. Since



i nvention, advantage is thus taken of the fact that only one of MOFSET
power * transistors 210 or 220 is set to the " OFF " state when one

wi Shes to interrupt the flow of the current through the battery, the
ot'her transistor always renmining in the-100N' state. 20 In
order to take advantage of this fact, the gates of the power transistors
have to be connected at |east tenporarily for a sufficient tine
interval for the power transi stor which was at the " OFF " state to
becong conducthewendugsiomthreshold ¢fithé MOFSET povas trengistarsiglasatad at gaproximateiut es
of MOFSET powqe(,olf e@ﬂﬁiﬁ%%@%o?éh%éﬂ?%?é@ﬂb@@er transisf§220G4 Lot t¥Rlel“ &R state

permanently cou to each as it is desirable to

keep both t rah@if?%q?ﬁy instgntangeusty. Quoe thg gates aty C%’Bl?ﬂs@e chargeof g&ﬁﬁ@%@f tPr%ans

nust necRHRFRET powe tr@ﬁ‘ﬁﬁb@%br‘ésé’rﬂé@ BPkervede ahd fOEFiglrersdgaidiea nhekl one
of power transi tors or 220 of bidirectional switch 20 has to be
made non- c8ndBQlytiva. According to this principle, it will be

gnder st OOFl t ga}) COEW ﬁiﬂngdI‘lQﬁs%@ééﬂ described magiohgourseamsyipl ﬁgularea]ps ﬁan
t t t

activation i BsiCeiduyRisor Bere g dafdh Bl R lRer S e 11

SWerr]. Thusbattéry ohmgea,s;euthesnnatm i wbich MORSET powsri tepngistor CONRGI4Gakthe

CONTDI SCHG ar eoﬁ%"v‘&&&;c&?ﬂ?éﬂb leg p%&?ﬁi%ﬂ“— ?s SWerr] and SWerr],

t hese activation signats be at t'he a@%\ c state when the power
transi st orld hiawél alsp tm%e@év upderstped th ecogtraltsarstem@cemg@nh%. gnal of

coupling sw t emidRiPhayCis C%%rc@é; nﬁﬁérbﬁ@ﬁxoaﬁcaé\tl@ﬁséh@o} iRbréveriinid Widuen of

t hese acti vatl on signals %
-7- departing from the scope of the claims. In particular, those skilled in the art are

perfectly capable of modifying the control system according to the present invention to
adapt it to lower or higher control voltages according to the particular application. It will

15 be recalled moreover, that the contro! system for a bidirectional switch according to the
present invention may also be applied to different circuits to the protective battery
circuits which were taken here as examples.



It wll be nentioned that swi tches SWCPL, SWCHG and SWDI SCHG have to be
adapted to switch between relatively high voltages (of the or der—of T he

gate vol tage applied to power transistors 210 gnd/zﬁo,/na n or
so volts). One may envi sage maki ng tfhtse switches ' \\ SET
transi stors adapted to resist such 5 swtching vol t\ﬂm\ , ft o will
be understood that the response tine of coupling ch* SWerr] is

determining for the tinme it takes bidirectional switch 20 to switch to
the " ON" st@lL&IMBt is thus preferable to mininise the tine it takes

coupling switch SWerr] to switchtothe " ON " state i.e. to uselow
vol tage MOFSET transistors havi n? | ow gat fQ
order to make the cbnt®entrod gyster %f(?CQi‘F'EﬁCH%”%Iéwtt (2§} ?19%‘5? MQRFRsT ng

| ow vol tage %mrtt%gﬁfﬂré)@‘lo ﬁm%dﬂntémﬁ'bﬁ!n-@éﬁds@wm@k&@oﬁd&ld%r BeimedRaiho t he
system

{. be 4 t
enbodi ment of tis ¢gwel ﬁsus Qﬁirrl‘g c%ntrql(g‘,\eags 15@9%#186‘{'9 6¢1ea$a€evﬁrfta°8ﬁ§%§?rﬁ°§ WO
transi st ?)r S nesle puwemﬁadmwmtoagao )EVBE controllet! cartenw tbeygthet dfesaid pader
ences ,have us
nurer cal el CLESEs LEE R - BN BrkP AL Rt
3. of a\turrent dtaceioseHebthrughrsaidswitsh éﬁcf e@tar%ﬁﬁ%nseévw thehthisocangPhred
of the pair of dmin lude%c?ﬁnﬁs@%g ($W%P§'§Ib?é§ab%& thdd l_@at@?@lﬂ 221)*1#?%

controlled by ton ro % articular ch arg grj
510 and 520 ree\pe'dransstqr at thep | OIN n gtatayigibeaosn datleasbtgmogpgytvy 9E& r] and

V[err], in thise £ R Bowek trahSisBLat the® BFFMRte WPen ¥aidsM@eh issuppl i ed
by the batter'(2521 QdPﬂCH c’Wéi"ccif\ordl ng to this enbodi nent, the@rst branch

500a i ncl ud nQWM*@éIGnng switch SWerr] allows gate 211 of MOFSET power
transi stor 210 to bg egbhth@ydtBmeicestingQo salim 1, charadterlsedhmmafsﬁEOUphag at e.

al lows gat o 2TE30F CRpeet DL AR A PR Eps? ALGRE DA 280 S e prnBLETT]
set it to thetransktbrs'(240,:220) wBéthellat@rtareaa’sthet‘ oNs" S.WBH_G and SWDI SCHG ar e
Lo alt s commeaPaqCoRtelspiiaciringlld o 1 of SPBRRAc R B sB MNOSE
511 and 5115 arentral speans (3@ linclude two charge pumps (510 520) respectively connected to the
gates (211, 221) of said power transistors (210, 220) and first and second branches
(500a, 500b) respectively connected to the gates (211, 221) of said power transistors
(210, 220) and each including a blocking transistor (SWcHa, SWpiscHa; 511, §12)
enabling the corresponding power transistor (210, 220) to be set to the “ OFF " state.
20 4. Control system according to claim 3, characterised in that each of said
branches (500a, 500b) further includes first (501a, 501b) and second (5022, 502b)
protective transistors connected in series between the gate (211, 221) of the
corresponding power transistor (210, 220) and the blocking switch (SWcHg,
SWpiscHa; 511, 512), said coupling means (SWcpL, 510) being connected between
25 the connection node of the first and second protective transistors (501a, 502a) of the
first branch (500a), and the connection node of the first and second protective
transistors (501b, 502b) of the second branch (500b).
5. Control system according to claim 3 or 4, characterised in that said
blocking switches (SWcHg, SWpiscHa: 511, 512) are MOFSET transistors.
30 6. Control system according to any of the preceding claims, characterised in
that said coupling means are a MOFSET transistor.
7. Control method for a bidirectional switch (20) formed of a pair of
MOFSET power transistors (210, 220) mounted in anti-series source to source or drain
to drain, and controlled by control means (50), one or the other of said power
35 transistors (210, 220) being able to be set to the “ OFF " state in order to assure the




controlled by inverted activation signals CONTCHG and

Br anches 500a and 500b each further include first and secon 30
transi stors 501 a and 502a, respectively, 501a and 501&“‘ %m

séries between the gate of the corr€8pondi ng MOFS & arssi st or
and t he correspondi ng bl ocki ng sw tch, nanely respectl vely between
gate 211 of power transistor 210 and switch SWCHG on the one hand, and
bet ween gate 221 of power transistor 220 and switch SWerr] on t he

ot her hand. 3#terruption of Bretreat s ioifdHctthrough said switch (28h wherein, o said and

501 D ar e CoNESt oty xGREl on o B41ASE: I 156RE Bohert-dhlcrh El- St

vol tage V1

8 - t rstats issatdeast kRgoraniy caqy withethe @atec@2é.02 110 obthe powentsansigter at
control | ed by 8 ot control voltage V[err]. Coupl i ng
swi tch SWCPL Por med in ?hl s exanple by a MOFSET coupling transi st or

510, is cobnected et antrot methed aresdingtp Faige’ chheW'F the Q?ﬁ%F @dtoA7d) gf said
protective tr r?’%ﬁét&oéo(%@ 20§l a2QRPmaheritly coliplBd aReM tHeOSer aneigt thBe ON ”

connection no st and second protective transistors 501b and

502b of secorr‘datBr anch 500b. The gate of coupling transistor 510
formng the coupling swtch is controlled by a control vol t age VCPL
representing activation signals CONTCHG and CONTDI SCHG of bl ocki ng

switches SWerr] and SWerr]. In this enbodinent, this control voltage 10
V[err] is substantially O so as to uncouple gates 211 and 221 of power
transistors 210



and 220 when one of activation signals CONTCHG and CONTDI SCHG i ndi cat es

t hat - one of these power transistors has to be set to the " OFF "
stdte. Conversely, in order to couple gates 211 and 221 of power
transistors 210 and 220 so as to allow thes. bl ocked transistor to be

rapidly switched on, control voltage V[err] of the gate of 15 coupling
transistor 510 is brought to a value substantially equal to the gate
vol t age of power transistors 210 and 220. In order to
assure that naBSTRACHe transistors formng control neans 50 has too
high a voltage across its termnals, the gates of first protective

transi stors 50l1la and 501b as well as the gates of second protective
transi stors 502a and 502b 2@NPROL 10l i Nng manner.

In normal operation, i.e. whe WEPRV D § gigpoRgstors 210 and 220
formng bidirectional swtch %Tb@—ar—m%ﬂ—wm?(mme-
CONTDI SCHG = 1), first control voltage V[err] of first protective

transistors 501 a Q%P{?Q(jsy?tehxsfopé BHQQ&IOBQ s?vntch (20)Ys'j‘diéis‘érl§é€:§0$c§rﬁ‘1'é§i'o%'pll.élr%ﬂual

to the gate volta % ower transistors
T P

appr oxi mat el y M@t q:w§ra[nﬁl§tqr gt 0. 2749 P%’@'l?c\ﬂdé? Pf't"sgéeéoh%l SGBWPF%FOWS? t age

V2 of second ordranrptbf&rﬁﬁtTmecém@n@ssdnﬁ)rnalua@emeaﬁ@l(@ahbwm‘g eatgtblof t 0 a
val ue substantla / g@ﬁe to twice

When one or tR éﬁa"SM?tqt?ea?‘f% %‘ﬁ?nﬁ 5trl?r°%%'](9fﬂ‘§§eto set to

the " OFF '5 sttrahsastbns bwiteabié o bensetto thpt* Qfffe” sthtevin ofdeatocassnzmme frteroupion

bi di recti onal 8?W@Pﬁ@nt%ﬁrou&l@@%%&ﬁﬁarswmﬂ (200r CONTDI SCHG = 0 "), first

control volta err ol tage substantially equal to
twice input vol t ag@higantrelisystemdecustes couplinganeans| (B¥éaeL)10) enabling ﬂﬂ%%féed to

a voltage s Ub%? ﬁ‘ﬂ'&tdo@Jel' M‘aﬁ‘é?é%@tj atttﬁb d @RUtsté{é’H BIEoufith at least t temporarily wil ly wilttng

control method for gates of protective transistors 501 b

and 502b thus géWserﬂéﬂspQWﬁafttraﬁé'ﬁ@f é'fth?ﬁé)ﬁF r aﬁ@?é‘fhéf‘éhﬁgg‘r?‘%%“ﬂ|3Efﬁ°'h*5vol t age
across it s1g35 sivREHEdEM, ms\mwﬁb Svdh@gb ea@howgt Ba thy wwtﬁehgewhgh

Figures 5a to 5d illustrate four a%g IT@F the e hg\ré of t %I’IOUS
control cQRiq! Ygitages sy RO ARAYEPn &), e S6T18Y re|§ PONES 8'?% OfSp
activation si gnd)en _tﬁ@tdﬁ@riﬁand, the bidirectional switch to be qunckly switched on.

Figure 3



-9 -’ and CONTDI SCHG, allowi ng the beneficial effects of the present

i'nvention to be seen A situation is shown here in which the
bidirectional switch blocks, in a first period (phase A in the
Figures), the continuation of the battery di scharge (CONTCHG = 1";

CONTDI SCHG = " 0 "), then in a second period (phase B), is rest to normnal
operation 5 (CONTCHG = CONTDI SCHG = "1 "), and, in a third period (phase
C), again bl ocks t he continuatiE? of the discharge (CONTCHG =" 1 ",
CONTDI SCHG = " 0 "). Fig é 5a thus shows a first diagramin
whi ch activation signals CONTCHG and CONTDI SCHG are il lustrated.

Fi gure 5b shows-a second diagramillustrating a first curve a

representative of the evolution of the double of voltage Vdd supplied by 10
the battery and a second curve b representative of the evolution of second

control vol tage V2 of second protective transistors 502a and 502b of
Figure 4. Figure 5c shows a third diagramillustrating a third curve c
representative of the evolution of first control voltage V[err] of

first protective tranS|stors 501 a and 501 b of Figure 4, and a fourth
curve d representatl é% gg evolyti on of copyrol voltage VCPL of coupling
re

transistor 15 510. sho a fourth diagramillustrating fifth and
sixth curves e and f respectifvely repres ntatlve of the evol ution of
gate vol tages VGATE CHG and JTEDI SCHG MOFSET power transistors
210 and 220. It is o be npt d n these Figures that
during phase A and phéﬁ C CHG =7 'l CONTDIS¢ZHG =" 0 "), gate

voltage V[err] of MOFS
0 so that this transistor
i nterrupt any continuation

power trangi st or 55 I S tantially equal to
set at the "OFF " [state in order to
f th tterly di gsljarge.] MOFSET
L1

X
0
rg—




power transistor 210 is kept at the " ON " state by applying gate voltage

Verr] equi valent to approximately three tines voltage V[err]. In this
case, as nentioned her ei nbefore, first and second control voltages
V[err] and V[err] have a value of 25 approximately twi ce and respectively
once voltage V[err]. Control voltage V[err] of coupling transistor 510
is kept substantially at 0 so that the gates of MOFSET power

transi stors 210 and 220 of Figure 4 are kept uncoupl ed. Duri ng
transition to phase B (CONTCHG = CONTQU%CHG 1 "), control vol t age

VCPL of coupling transistor 510 passes 'to approximately three tinmes voltage
30 V[err] so that the gates of MOFSET power transistors 210 and 220 are

coupl ed. Si mul t aneously, first and second control voltages V[err] and
Vlerr] of the protective transi stors pass respectively to three and
two tines voltage V[err]. As is clear fromthe di agram of Fi gure 5d,
it follows that the charges present on the gate of MOFSET power

transi stor 210 which remained at the " ON " state are shared with MOFSET 35
power transistor 220. The gate of MOFSET power transistor 220 is thus very

rapi dly charged to a sufficient level to make it conductive by the
transfer of a portion of the charges of MOFSET power transistor 210
which remained at the " ON " state. Since t he conducti on

t hreshold of the MOFSET power transistors is |ocated at approxinmtely
1 volt, it will thus be noted that MOFSET power transistor 220 is set to

the " ON" state practically in t $heously. Once the gates are
coupl ed, the charge of the gates of Eﬁgﬂ iy
a
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MOFSET power transistors represented by curves e and f of Figure 5d follow
a normal 5 evolution. Everyt hing which has just been

descri bed may of course apply in a simlar manner in the situation in
whi ch the bidirectional switch bl ocks the continuation of the battery
charge, i.e. the situation in which MOFSET power transistor 210 is set at

t he "OFF "state (CONTCHG =" 0 ", CONTDI SCHG =" 1 "). 10 It will
al so be easily understood that the control system according to the

i nvention may be subject to nunerous nodifications and/ or inprovenents

wi t hout departing fromthe scopg,ef the clains. In particular, those
skilled in the art are perfectly capable of nodifying the control
system according to the present invention to adapt it to | ower or

hi gher control voltages according to the particular application. It will 15
be recall ed noreover, that the control systemfor a bidirectional swtch

according to the present invention nmay al so be applied to different
circuits to the protective battery circuits which were taken here as
exanpl es. -11-
CLAI M5 Control systemfor a bidirectional switch (20)
formed of a pair of SET power_transistors (210, 220) nounted in
anti-series source to|source or drai 0 Brain, this control system
i ncl udi ng control neans (50) aLIomﬁng he state of conduction of
IniscHa
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sai dpower transistors (210, 220) to be controlled, one or the other of
said power 5 transistors being able to be set to the " OFF " state in
order to assure the interruption of a current (I[err], I[err]) through
said switch (20), characterised in that this control system i ncl udes
coupling nmeans (SWCPL, 51 0) enabling the gate (21 1; 221) of the

power transistor at the " ON " state to be coupled at |east tenporarily

with the gate (221, 211) of the pblfer transistor at the " OFF " state
when said switch (20) i® 10 switched Eﬁl CONIQ@H®! system
according to claim1, cllaracterised i gha‘f" sai d coupling means

(SWerr], 510) permanen

&D s the gates (211, 221) of SY|
transi stors (210, 220) en(}??w@

power
atter are at the " ON " 4t 8

3. Control system i N@¥® claiml or 2, characterised in|{that said 15
control nmeans (50)] i ncl yde ywo charge punps (510, 520) regpectively
connected to the gctes (211, 221) of said power trangi st 1 220)
and first and secqnd br anehe (500a, 500b) respectlv ly conrslQ ed| to
the gates (211, 231) of said tranmstv ~1220) _ang each
including a 2330 i r (SWCHG, SWDIYGATE 'ﬂHG 51 2@ GE2'1ab! | ng
the correspo t O g@ FE
state. 20 4. CQontrdg em accor di ng to claim 3, Pacteri sed
in that each of said (500a, 500b) further Tnclru@es Tirst| (501
a, 501 b) and sec , protective transi stors=onnectefl in
series bet gn th o0t5008 correspondi ng power
transistor\l\gl‘ejb bl oci ng switch (SWerr], SWerr]; 511
512), said couplin Werr],l 510) being connect ed bet weer—25
connecti on node off the flirst=and sdcond protective tran org (501a, 502a)
of the first |branc ), arld the connection node (of the first and
second protective 'ftors (501 V él_m comt—bramch
(500D). 5. ol _sJystem a i THARGE
char act er i se82Pf t saiM bl gcki ng switches (PWerjr] ,PEBWIPrrJ}; 511,
512) are MOFSET trnansistors. 221 6. Control sy accordilng to
any of the precedilng cl g haraqterised in {hat said foupling neans
are a MOFSET trangi stor. 7. Contgpgp-L®t hod or =
bidirectional swt rmed off a pair of
220 CONTDISCHG
ICHG ('|501 a /‘501 b
| o
SWepL
'
Is10- *_ 54
502a l 502b
Al Vep A
Vz(} jI
SWena SWpiscHa
511 512

—— v—
— ———

CONTCHG CONTDISCHG




MOESET power transistors (210, 220) nounted in anti-series source to source
or drain to drain, and controlled by control neans (50), one or the

ot her of said power 35 transistors (210, 220) being able to be set to the
"-OFF " state in order to assure the

12 I nterruption of a current % err], I[err]) through said swtch
(20), wherein, when said switch Is switched on, the gate (211; 221)
of the power transistor at the " Wgeﬁa at | east tenporarily
coupl ed WI UDNW@I—@}GC(WDJSGHG of t he po transi stor at the " OFF "
state. [V] 8. Control nmethod according to claim?7, wherein the
gat es (211 221) of said power transistors (210 220) are permanentl|y
coupl ed wHdh—he : p——

3.0+

2.0:@ ©

1.0

0.0L 1 ] 1 1 ] !

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

-2 0 4 1 1 | I 1
Lo0 05 1.0 15 20 25 3.0 35 4.0
(s]
VGATE_CHG,YGATE_DISCHG Fig. 5d
(V]
14
10F L-e —
6 - - :
oL f
1 L | | | |

2000 05 1.0 15 20 25 3.0 35 4.0
[s]



