(19) United States

12y Reissued Patent
Yau et al.

(10) Patent Number:
45) Date of Reissued Patent:

USOORE41676E

US RE41,676 E
Sep. 14, 2010

(54) INTELLIGENT SERIAL BATTERY CHARGER
AND CHARGING BLOCK

(75) Inventors: Kwok Wong Yau, Hong Kong (CN); Yiu
Cheung Li, Hong Kong (CN); Long
Bai, Shenzhen (CN)

(73) Assignee: GPE International Limited, New
Terntories Hong Kong (CN)

(21)  Appl. No.: 10/883,193
(22) Filed:  Jul. 2, 2004

Related U.S. Patent Documents
Reissue of:
(64) Patent No.:
Issued:
Appl. No.:
Filed:

6,580,249
Jun. 17, 2003
09/971,3593
Oct. 9, 2001

(30) Foreign Application Priority Data
Sep. 3, 2001 (KR) tereeeeeeeeeeeeereeeeeeeeeereereeeens. 01106195

(51) Int.Cl.

HO2J 7/00 (2006.01)

(52) US.CL ... 320/122; 320/119; 320/120

(58) Field of Classification Search ........... 320/119-122
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS
4,303,877 A * 12/1981 Meinhold ................... 320/122

(Continued)

FOREIGN PATENT DOCUMENTS

CN 1138768 A * 12/1996
CN 1164771 A * 11/1997
200
CONSTANT CURRENT
— SOURCE {)

300
MASTER

CONTROL UNIT
(MCU)

CN 2384357 Y * 6/2000

DE 19705192 A1  10/1997

EP 0798841 A2 * 10/1997

HK 1045076 A * 3/2001

JP 7-1630060 6/1995
OTHER PUBLICATIONS

IEEE, 7th edition, 2000, p. 693.%

Smart Battery Data Specification, Rev.1.1, Dec. 11, 1998,
pp. 1-49@http://www.sbs—forum.org/specs/sbdatl 10.pdf.*
Smart Battery Charger Specification, Rev. 1.1, Dec. 11,
1998, PP. 1-34@http://www.sbs—forum.org/specs/
sbs110.pdt.*

Smart Battery System Manager Specification, Rev.1.0, Dec.
15, 1998, pp. 1-22(@http://www.sbs—forum.org/specs/.*
Maxim Integrated Products, “MAXIM NiCd/NiMH Battery
Fast—Charge Controllers”, Jan. 1997, 18 pps.*

Primary Examiner—Edward Tso
Assistant Examiner—Samuel Berhanu

(74) Attorney, Agent, or Firm—Buchanan Ingersoll &
Rooney PC

(57) ABSTRACT

A serial battery charger including a number of serially con-
nected battery charging sections 1n which the battery charg-
ing section 1s characterized by a first and second parallelly
connected branches. The first branch includes terminals for
connecting to the battery to be charged and a current block-
ing device and the second branch includes a by-passing
switch which shunts across the terminals of the first branch
when activated. The blocking device 1n the first branch pre-
vents adverse reverse current flow from the battery to the
charger when there 1s no power supply and also functions as
a current block to prevent adverse flow of current from the
battery into the shunting by-passing switch when the power
supply to the charging section 1s 1n operation. This invention
provides a simple solution to fulfil the conflicting require-
ments of an intelligent serial battery charger.

30 Claims, 4 Drawing Sheets
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INTELLIGENT SERIAL BATTERY CHARGER
AND CHARGING BLOCK

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application claims priority under 35 U.S.C. §§119
and/or 365 to 01106193.9 filed 1n Hong Kong on Sep. 3,
2001; the entire content of which 1s hereby incorporated by
reference.

FIELD OF THE INVENTION

The present invention relates to battery chargers for charg-
ing a plurality of rechargeable batteries connected 1n series.
More particularly, this invention relates to battery chargers
having a plurality of serially connected battery charging sec-
tions. More specifically, although not solely limiting thereto,
this invention relates to serial battery chargers in which a
battery 1n any one of the serially connected charging sections
can be removed or bypassed without materially affecting the
charging conditions of the batteries remaining in other
charging sections of the serial battery charger. Furthermore,
this invention relates to serial battery chargers in which there
1s utilized a simple electronic element which provides a low-
impedance to the charging circuit during charging, a high-
impedance to block reverse current flow from a battery when
there 1s no power supply to the charging section and a com-
paratively high-impedance when the charging section 1s
shunted or by-passed.

BACKGROUND OF THE INVENTION

Re-chargeable batteries are widely used 1n a lot of por-
table or mobile electrical and electronic devices or appli-
ances such as, cellular or cordless telephones, remote
repeaters, remote control units, remote sensors, portable
lighting devices, portable radios, portable drills and many
other devices. Re-chargeable batteries are generally pre-
terred over disposable batteries nowadays because they are
more environmental friendly and provide longer term cost
savings. For remote applications, rechargeable batteries are
probably the only practical choice.

Re-chargeable batteries require repeated charging in order
to supply electrical power to the devices or appliances in
which they are installed. Nowadays, portable devices usually
require a plurality of batteries to operate and the batteries
required are typically in the range of two to ten batteries.
Hence, it 1s desirable that there can be provided intelligent
battery chargers which can charge a plurality of
re-chargeable batteries at the same time. There are two main
types of battery chargers. The first type 1s the parallel
charger 1n which all the batteries are subject to the same
charging voltage but are charged with different charging cur-
rents. The other type 1s the serial charger in which the batter-
ies being charged are connected in series and the same
charging current usually passes through all the serially con-
nected batteries.

In applications 1n which batteries are alternatively charged
and discharged, a power supply of 3 to 12 volts 1s generally
required while the voltage of each rechargeable battery 1s
typically 1n the region of 1-2 volts. In those applications,
batteries are typically connected in series for charging and
discharging. For charging batteries for use in such
applications, a serial battery charger must be used.

Because of the wide-spread use of rechargeable batteries,
there are increasing demands for fast battery chargers which
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are capable of fully charging an empty battery 1n about an
hour (the “1C” chargers) so that users do not have to wait for
too long before the batteries are sufliciently charged for use.
For example, for a 1,600 mAH re-chargeable battery, the 1C
current rate 1s about 1.6A. In order to facilitate fast and
cificient battery charging, battery chargers generally utilise
high frequency pulsed charging current having a relatively
high current rate. When a battery 1s being charged, 1t will
produce oxygen on the electrode and the consumption of
oxygen by the negative electrode will cause the battery to
heat up. In general, charging at the current rate of 1C 1s
preferred because this charging rate 1s regarded as striking a
balance between reducing charging time and maintaining a
healthy battery under current battery technologies. Of
course, with further advance 1n battery technologies, batter-
ies may be charged at even higher current ratings without
over-heating. If that happens, battery chargers supplying
higher charging rating than 1C will be expected to become
more popular. In general, fast battery chargers, especially
those for charging small voltage re-chargeable batteries of
about 1.5-2V, are preferably configured so that the batteries
are charged 1n series. This 1s because 11 the batteries are fast
charged in parallel, a power supply having a very large cur-
rent supply rating will be required and this may be very
costly.

On the other hand, a serial connection 1mplies that the
same current must flow through each serially connected
charging section. This may also create great difficulty 1n a lot
of circumstances. For example, when a battery 1s removed
from the charger upon completion of charging to avoid over-
heating or damaging or because 1t 1s already defective,
charging will be disrupted until a replacement battery has
been mserted into the charger. Similar problems also arise 1
rechargeable batteries of different capacities are charged
together or good batteries are mixed with bad ones. This 1s
because when a battery of a smaller capacity has been fully
charged, there 1s a good chance that a battery of a larger
capacity still requires charging. For simple serial chargers
with no monitoring and control circuits, the batteries will be
continuously charged. As a result, overheating, battery dam-
age or even explosion may result. On the other hand, for
those more sophisticated serial battery chargers with charg-
ing conditions monitoring and charge control circuits, the
battery charger may shut down once any one of the batteries
being charged 1s detected as being fully charged. This 1s
obviously undesirable as the remaining batteries may still
require further charging. Furthermore, whenever batteries
are 1nserted or removed from a serial battery charger during
the charging process, the whole charging process will be
interrupted. Hence, 1t 1s desirable 1f there can be provided
intelligent serial battery chargers which allow serial charg-
ing of re-chargeable batteries 1n which the charging currents
supplied to the imndividual batteries in serial connection are
largely independent of that supplied to other batteries.

For many battery chargers, 1t 1s known that, when power
supply to the battery charger 1s turned off, there may be a
reverse leakage current which flows from the battery to the
charger or the peripheral circuitry. Reverse leakage current
among the serially connected batteries could also cause
reverse charging of individual batteries by other batteries
that are connected 1n the series charger. This 1s clearly unde-
sirable which may cause draining of the full battery capacity
and may even damage the charger. Hence, 1t 1s desirable that
cach charging section of a serial battery charger 1s provided
with means to prevent undesirable reverse current leakage as
well as a by-passing circuitry so that the charging conditions
of one individual charging section would not affect the
charging conditions of the other charging sections.
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Many by-passing circuits, circuit arrangements or topolo-
gies have been proposed to alleviate the adverse influence of
the charging conditions 1n a serial charging section to other
charging sections. While serial chargers having arrange-
ments to by-pass some or all of the charging sections have
been known, they are generally very complicated and do not
simultaneously include means or circuits to prevent reverse
leakage or discharge from the batteries.

To provide a serial battery charger which fulfils the above
requirements 1s a difficult task because several contlicting
requirements need to be met. Firstly, in order to prevent
reverse current leakage or adverse current discharge from
the battery, a blocking device which has a high reverse
impedance must be inserted in series with the battery.
Secondly, that serial block device must have a low 1mped-
ance when there 1s a forward current which tlows ito the
battery for battery charging. On the other hand, 11 the block-
ing device has a low forward impedance when the
by-passing switch has been activated (which usually occurs
when there 1s still power supply to the battery charging
terminals), that low-impedance blocking device will com-
pete with the by-passing switch for the supplied current and,
as a result, adverse charging current will keep flowing into
the batteries. In addition, that blocking device must have a
high impedance when the by-passing switch has been
activated, otherwise, a large and un-desirable current will
flow 1n a current loop which 1s formed by the battery, the
blocking device and the by-passing switch. Hence, 1t 1s
highly desirable 1f a serial battery charger which can fulfil
the above contlicting requirements can be provided. It waill
be even more desirable 1t such improved battery chargers
can be realised using simple circuit blocks and components
so that high reliability as well as low costs can be achieved.

OBJECT OF THE INVENTION

It 1s therefore an object of the present invention to obviate
the problems or shortcomings associated with existing or
known serial battery chargers. In particular, it 1s an object of
the present invention to provide a circuit arrangement for an
improved battery charging section which can be used 1n
serial chargers so that the charging section can be shunted or
by-passed when selected and, at the same time, providing
blocking means to prevent reverse current.

An 1mportant objective of the present invention 1s there-
fore to provide an intelligent serial battery chargers in which
the charging current or charging conditions of one battery in
the serial connection 1s largely unaffected by the charging
conditions of other batteries 1n the serial connection.

An equally important object of the present invention 1s to
provide a serial battery charger in which a battery can be
removed from the senially connected battery at any time
without disrupting the charging of other batteries and, at the
same time, adverse reverse current tlow from a battery can
be avoided.

As a minimum, 1t 1s an object of the present invention to
provide the public with a choice of serial battery chargers
which are provided means to obviate undesirable battery dis-
charge when the battery charger 1s not supplying charging
power and to provide useful battery by-pass when necessary.

SUMMARY OF THE INVENTION

According to the present invention, there 1s provided an
improved serially connected battery charger which includes
at least first and second parallelly connected branches, said
first parallel branch i1ncludes an electronically controllable
by-passing switch and said second parallel branch includes
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positive and negative terminals for receiving respectiully the
positive and negative terminals of a battery and an one-way
clectronic device connected 1n series, said by-passing switch
has a very low impedance when turned-on and a very high
impedance when turned-oif, said one-way electronic device
1s characterised 1n that 1t has a very low-impedance when
current tlows from said charging section into said battery
terminals and it has a high-impedance when said by-passing
switch 1s turned on.

According to another aspect of the present invention,
there 1s provided a charging block for use 1n a serial battery
charger including at least first and second parallelly con-
nected branches, said first parallel branch includes an elec-
tronically controllable by-passing switch and said second
parallel branch includes positive and negative terminals for
receiving respectiully the positive and negative terminals of
a battery and an one-way electronic device connected 1n
series, said by-passing switch has a very low impedance
when turned-on and a very high impedance when turned-off,
said one-way electronic device 1s characterised 1n that 1t has
a very low-impedance when current flows from said charg-
ing section 1nto said battery terminals and a high-impedance
when said by-passing switch 1s turned on.

According to a third aspect of the present invention, there
1s provided a serial battery charger including a battery charg-
ing section which includes at least first and second parallely
connected branches, wherein said first branch includes a
diode serially connected with the terminals for connecting
the battery to be charged and said second branch includes a
MOSFET by-passing switch, said by-passing switch 1s con-
nected across said first branch and provides low-impedance
shunting when activated, said blocking diode has a low-
impedance when current flows into said battery to be
charged and has a high-impedance when there 1s no power
supply from said battery charger or when said by-passing
switch 1s turned on.

According to a fourth aspect of the present mmvention,
there 1s provided a battery charger including a plurality of
battery charging sections which are connected in series,
wherein each said charging section includes a first and a
second parallelly connected branches, said first parallel
branch includes an electronically controllable by-passing
switch and said second parallel branch includes positive and
negative terminals for receiving respectiully the positive and
negative terminals of a battery and an one-way electronic
device connected 1n series, said by-passing switch has a very
low 1impedance when turned-on and a very high impedance
when turned-off, said one-way electronic device 1s charac-
terised 1n that it has a very low-impedance when current
flows from said charging section into said battery terminals
and 1t has a high-impedance when said by-passing switch 1s
turned on.

Preferably, the battery charger turther including a micro-
controller, the micro-controller monitors a set of parameters
of the battery being charged and activates said by-passing
switch by forming a low-impedance shunting across said
first parallel branch when some or all of said measured bat-
tery parameters satisfies a set of pre-determined conditions.

Preferably, the one-way electronic device 1s a diode.

Preferably, the by-passing switch 1s a field-effect-
transistor (“FET”"), including a MOSFET.

Preferably, the gate of said by-passing MOSFET 1s con-
nected to a microcontroller which controls the gate voltage
of said MOSFET to turn on or turn off said MOSFET such
that when said MOSFET i1s turned on, the impedance across
the drain-source terminals of said MOSFET 1s low, thereby
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activating the by-passing function, and, when said MOSFET
1s turned off, the impedance across the drain-source termi-
nals 1s very high, thereby de-activating the by-passing func-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention will be
explained 1n further detail by way of example and with ret-
erence to the accompanying drawings. In which:

FIG. 1 1s a general block circuit diagram of the serial
battery charger of a preferred embodiment of the present
invention.

FIG. 2 1s a block diagram showing a specific example of
the components used in each of the serial charging sections.

FI1G. 3 15 a general circuit diagram showing more connec-
tion particulars of the senial battery charging of FIGS. 1 and

2, and

FI1G. 4 15 a general circuit diagram showing more detailed
hardware connection of a preferred embodiment of the
present fast serial battery charger.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FI1G. 1, there 1s shown a block diagram show-
ing a first example of a preferred embodiment of the present
invention of an intelligent serial battery charger. The battery
charger includes a direct current power source (100), a con-
stant current source (200), a micro-controller unit (300) and
plurality of battery charging sections (410, 420, 430 and
440) connected 1n series. The serially connected battery
charging sections are connected to the positive and negative
terminals of the direct current power source (100) 1n order to
obtain DC power of the correct polarity.

Referring to FIG. 1, each of the charging sections (410,
420, 430 and 440) includes an one-way electronic device
which 1s connected 1n series with the positive and negative
terminals of the battery i order to control charging connect-
ing to a battery. In order to provide a controllable by-passing
path which provides low impedance shunting across a charg-
ing section when necessary, for example, when the battery 1n
a particular charging section 1s fully charged, defective or
overheated, there 1s provided an electronic controllable
switch (413) as shown 1n the Figure. The by-passing switch
1s connected 1n parallel with the serial connection of the
battery terminals and the one-way electronic device. The
by-passing switch provides low impedance shunting across
the terminals of the serial connection of the one-way elec-
tronic device and the battery terminals when activated. In the
present specific embodiments, the by-passing switch 1s a
three-terminal device in which the impedance across two of
its terminals 1s controllable by a third terminal.

The one-way electronic device which 1s 1nserted 1n series
with the battery under charge should endeavour to fulfil the
tollowing conflicting requirements. Firstly, 1t 1s preferred to
have a low-impedance when the battery 1s being charged
(that 1s, when forward current flows into the battery).
Secondly, it 1s preferred to have a high-impedance when
there 1s no power supply from the charger or, in other words,
when the voltage at the battery terminals exceeds that of the
charging terminals 1n order to prevent adverse discharge or
reverse current flow from the battery, otherwise, the batteries
will be drammed when there 1s no power supply from the
direct current power source (100). Thirdly, the blocking
device should have a very high impedance when the
by-passing switch has been turned on because, otherwise, a
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current loop which 1s formed by the battery, the one-way
device and the by-passing switch, may cause burning out of
the circuit, since the by-passing switch should be of low-
impedance 1n nature and the resulting current 1n the current
loop will be very large. In addition, the blocking device
should have a considerably higher impedance than that of
the activated by-passing switch (i.e. when 1t has been turned
on) when the by-passing switch has been activated and when
the voltage at the charging terminals exceeds that of the
battery, so that adverse current will not flow into the battery
through the one-way electronic device.

In addition to merely providing a by-passing path, the
combination of the electromically controllable by-passing
switch together with the one-way electronic device allows
high frequency and repeated open-circuit measurements
across the battery terminals to be taken. Such open-circuit
measurements are preferred in order to obtain suificient bat-
tery parameters to assess the charging conditions of a bat-
tery. An example of how the open-circuit electrical param-
cters of the batteries can be taken will be explained below.
For example, when the micro-controller (300) needs to read
the open-circuit parameters of the battery (422) which 1s
being charged 1n the second serial charging block (420), 1t
sends out electronic control signals through 1ts I/O ports to
the control terminals of the three-terminal by-passing
switches and turns on the by-passing switches 413, 433 and
443. As a result, the impedance across the two other termi-
nals of the by-passing switches 413, 433 and 443 will be
very low and the batteries 412, 432 and 442 will be substan-
tially by-passed because of the high impedance of the block-
ing device 1n this circumstances.

When the by-passing switches 413, 433 and 443 have
been activated, a measurement of the voltage taken across
the positive terminal (A/D2 1n FIG. 2) of the second battery
(422) and the ground will give the characteristics of battery
422 only, since all the other batteries, namely, 412, 432 and
442, have been 1solated from the measurement circuitry
because of the i1solation by the blocking devices 411, 431
and 441. It will be noted that, at this instant, the one-way
electronic devices 411, 431 and 441 will 1solate the batteries
412, 432 and 442 from the charging section and the open-
circuit parameters of the battery 422 can then be measured.

After measurements have been taken, the micro-controller
again sends out another control signal to the electronically
controlled three-terminal switches 413, 433 and 443 so that
the impedance across the two other terminals of the
by-passing switches will again resume a high state to
de-activate by-passing. As a result, current flows again
through the one-way electronic device into the batteries
being charged.

Alternatively, the second battery (422) can be measured
by having the second by-passing switch (423) activated. At
this instant, the second battery will be 1solated and measure-
ment can be taken across the battery terminals directly. Of
course, additional analogue-digital converters will be needed
to measure the potential difference across the two battery
terminals. To ensure accurate measurement of the open-
circuit parameters, 1t 1s highly desirable that when the
by-passing switches are closed (activated), no current flows
in or out of the batteries the associated by-passing switches
of which have been activated, otherwise, the open-circuit
readings will not be accurate.

In order to prevent current from flowing out of the battery
when open-circuit or close-circuit measurements are to be
taken, the one-way electronic device should have a very high
impedance which 1s suificient to prevent current from tlow-
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ing out of the battery in the reverse direction when
by-passing 1s activated, even 11 the voltage at the terminals of
the charging section before and after the activation of the
by-passing switch 1s higher than that of the battery.
Simultaneously, it 1s also preferred to prevent or minimise
the current which may flow 1nto the battery terminals when
the by-passing switch 1s turned on (or closed or activated, at
which point the impedance across the two terminals of the

by-passing switch 1s 1n the low state).

To prevent adverse flow of current from the power source
into the battery when the by-passing switch 1s closed, the
impedance of the one-way electronic device (411, 421, 431,
441) when the by-passing switch 1s closed should be signifi-
cantly higher than that of the by-passing switch (413, 423,
433, 443). On the other hand, the one-way electronic device
should have a very low-impedance where there 1s current
supply from the charger and when the by-passing switch 1s
opened so that the charging current will entirely flow 1nto the
battery via the one-way electronic device for charging. To
provide an electronically controllable switch which has a
high and a low-impedance state, a MOSFET 1s selected. In
general, when a suitable gate voltage 1s applied to a
MOSFET, the drain-source terminals of the MOSFFET will
become conducting with low-impedance. On the other hand,
i a different gate voltage 1s applied, the drain-source termi-
nals of the MOSFET will have a very high-impedance and
become non-conducting. A MOSFET switch 1s selected as a
by-passing switch because it has a relatively high bandwidth
so that the by-passing switch can be turned on and off many
times within a short period of time. Such repeated switching,
1s required in order to take all the necessary open circuit
measurements and readings. The high bandwidth 1s also pre-
terred 1n order to take responsive action once any abnormal-
ity of a battery 1s observed and in order to minimise any
noticeable disruption to the other charging sections when a
battery 1s removed from the charger. Of course, other elec-
tronic devices exhibiting similar electronic characteristics
may also be used as alternatives.

As regards the one-way electronic device, MOSFET also
appeared to be a suitable candidate. In experiments to use a
MOSFET as the one-way device, the micro-controller was
programmed so that opposite effect gate voltages are sent to
the MOSFETs (one as one-way device and the other as
by-passing switch). With such an arrangement, when one
MOSFET 1s on, the other will be off and vice versa. Hence,
when the one-way device 1s turned on, a low impedance path
will be provided for the charging current. When the
by-passing MOSFET 1s on, the one-way device will be off,
thereby forming a high impedance serial resistor 1solating
the battery from the rest of the circuit.

Referring to FIG. 2, there 1s shown a preferred embodi-
ment of the present invention in which a specific combina-
tion of an one-way electronic device and a by-passing switch
are shown. In this embodiment, a MOSFET 1s used as a
by-passing switch and a diode 1s used as an one-way elec-
tronic device. The diode 1s connected 1n series with the bat-
tery terminals in the manner as shown in FIG. 2 so that
charging current can flow into the battery through a low-
impedance path while reverse current flow 1s blocked. When
the MOSFET by-passing switch (413, etc.) 1s turned on, the
drain-source impedance becomes very low and the drain-
source voltage 1s therefore also very low which 1s typically
in the region of 0.2 volt. Since such a low voltage across the
drain and source terminals 1s far {from the turn-on voltage of
the diode which 1s typically i the region of 0.6 volt, the
diode becomes a high-impedance blocking device which
prevents current from flowing into the battery. By the syner-
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getic utilization of the combined characteristics of the two
devices, namely, the low drain-source voltage of about 0.2
volt when a MOSFET 1s turned on and the high turn-on
voltage of about 0.6 volt for a diode, a battery charger or
battery charging section satisfying the atore-said contlicting
requirements can be provided. As shown 1in the Figures, a
plurality of charging sections can be connected in series in

order to provide a preferred serial charger.

Referring to FIG. 3, there 1s shown a schematic diagram

showing more detailed connection between the power
source (100), current source (200), CPU (300) and the ser1-

ally connected charging sections (410, 420, 430, 440). Each
of the charging section includes a blocking diode (411, etc.)
which prevents reverse tlow of current out of the battery as
well as providing a high-impedance 1solation of the battery
terminals when the low-impedance switch (413, etc.) 1s
turned on, even though at that instant, the diode 1s under a
small forward bias. In this specific embodiment and as
shown 1 FIG. 3, each charging section 1s provided with
receptacles for alternatively charging a AAA or a AA bat-
tery.

Referring to FIG. 4, there 1s shown a more detailed circuit
arrangements of the charging sections of FIG. 3. In this spe-
cific embodiment, the by-passing MOSFETs, the blocking
diodes as well as the MOSFET gate controlling circuitry
which 1s connected between the by-passing MOSFETs and
the CPU 1s described in more detail. This gate control cir-
cuitry 1s mtended to provide only a working example of the
control of the by-passing switch, many other circuit varia-
tions are of course possible to achieve substantially same or
similar effects.

While the present mnvention has been explained by refer-
ence to the various specific examples described above, i1t
should be appreciated that those examples are merely pro-
vided to assist understanding only and should not 1n any way
be used to limit or restrict the scope of the present invention.
In addition, it should be appreciated that the scope of the
present invention shall be iterpreted according to the spirit
of the mvention as described in the above description and
should therefore cover modifications or variations which are
obvious or trivial to persons skilled 1n the art. In particular,
the present invention has disclosed a synergetic utilization of
a combination of rather simple components to proifer a cir-
cuitry or circuit arrangements 1n which the various confhict-
ing requirements for battery charging sections are accommo-
dated and provided in a very simple way and by using
relative simple components and 1n a simple arrangement.

What 1s claimed 1s:

[1. A serial battery charger including a charging section
which includes at least first and second parallelly connected
branches, said first parallel branch includes an electronically
controllable by-passing switch and said second parallel
branch includes positive and negative terminals for recerving,
respectiully the positive and negative terminals of a battery
and an one-way electronic device connected 1n series, said
by-passing switch has a very low impedance when turned-on
and a very high impedance when turned-off, said one-way
clectronic device 1s characterised 1n that 1t has a very low-
impedance when current flows from said charging section
into said battery terminals and it has a high-impedance when
said by-passing switch is turned on.}

[2. A battery charger according to claim 1, further includ-
ing a micro-controller to monitor at least one parameter of
the battery being charged and activate said by-passing
switch by forming a low-impedance shunting across said
first parallel branch when one or more of said measured
battery parameters satisfies a pre-determined condition.}
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[3. A battery charger according to claim 2, wherein said
battery parameter include any one or more of the following
parameters: -open-circuit voltage, close-circuit voltage and
the temperature of said battery.]

4. A battery charger according to claim [3] /5, wherein
said battery parameters further include [the detection of] the
type and presence of a battery.

5. A battery charger according to claim [1] /5, wherein
said one-way electronic device 1s a diode.

6. A battery charger according to claim [1] /5, wherein
said by-passing switch 1s a field-effect-transistor (“FET™),
including a MOSFET.

[7. A battery charger according to claim 6, wherein said
gate terminal of said FET 1s connected to said micro-
controller for activating and de-activating said by-passing
switch.]

[8. A charging block for use in a serial battery charger
including at least first and second parallelly connected
branches, said first parallel branch includes an electronically
controllable by-passing switch and said second parallel
branch includes positive and negative terminals for recerving,
respectiully the positive and negative terminals of a battery
and an one-way electronic device connected 1n series, said
by-passing switch has a very low impedance when turned-on
and a very high impedance when turned-oif, said one-way
electronic device 1s characterised 1n that 1t has a very low-
impedance when current flows from said charging section
into said battery terminals and a high-impedance when said
by-passing switch is turned on.]

[9. A charging block according to claim 8, further includ-
ing a micro-controller to monitor at least one parameter of
the battery being charged and activate said by-passing
switch by forming a low-impedance shunting across said
first parallel branch when one or more said measured battery
parameters satisfies a pre-determined condition.}

[10. A serial battery charger including a battery charging
section which includes at least first and second parallely
connected branches, wherein said first branch includes a
diode sernially connected with the terminals for connecting
the battery to be charged and said second branch includes a
MOSFET by-passing switch, said by-passing switch 1s con-
nected across said first branch and provides low-impedance
shunting when activated, said blocking diode has a low-
impedance when current tlows into said battery to be
charged and has a high-impedance when there 1s no power
supply from said battery charger or when said by-passing
switch is turned on.]

[11. A battery charger according the claim 10, wherein the
gate of said by-passing MOSFET 1s connected to a micro-
controller which controls the gate voltage of said MOSFET
to turn on or turn oif said MOSFET such that when said
MOSFET 1s turned on, the impedance across the drain-
source terminals of said MOSFET 1s low, thereby activating
the by-passing function, and, when said MOSFET 1s turned
off, the impedance across the drain-source terminals 1s very
high, thereby de-activating the by-passing function.]

[12. A battery charger including a plurality of battery
charging sections which are connected 1n series, wherein
cach said charging section includes at least first and second
parallelly connected branches, said first parallel branch
includes an electronically controllable by-passing switch
and said second parallel branch includes positive and nega-
tive terminals for recerving respectiully the positive and
negative terminals of a battery and an one-way electronic
device connected 1n series, said by-passing switch has a very
low impedance when turned-on and a very high impedance
when turned-off, said one-way electronic device 1s charac-
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terised 1n that 1t has a very low-impedance when current
flows from said charging section mto said battery terminals
and 1t has a high-impedance when said by-passing switch 1s
turned on.}

[13. A battery charger according to claim 12, further
including a micro-controller to monitor at least one param-
cter of the battery being charged and activate said by-passing
switch by forming a low-impedance shunting across said
first parallel branch when one or more of said measured
battery parameters satisfies a pre-determined condition.}

[14. A battery charger according to claim 12, wherein said
one-way electronic device is a diode.]

15. A serial battery charger for charging a plurality of
discrete batteries, the battery chavger comprising:

a charging current source,

a plurality of battery charging sections connected in
series for charging a corrvesponding plurality of dis-
crete batteries, and

a micro-controller;

wherein each one of said battery charging sections com-
prises first and second branches which are connected in
parallel,

said first parallel branch including an electronically con-
trollable bypassing switch, and

said second parallel branch comprising a positive tevmi-
nal and a negative terminal for rveceiving respectively
the positive and negative terminals of a battery and a
one-way electronic device connected in series;

wherein each said bypassing switch has a very low imped-
ance when turned-on and a very high impedance when

turned-off,

wherein each said one-way electronic device has a very
low impedance to a battery charging curvent which
flows from said current source into the positive battery
terminal, and said one-way electronic device has a very
high impedance when said bypassing switch is turned
on, and

wherein said micro-controller is configured so that the

bypassing switch of a battery charging section is acti-

vated to form a low-impedance shunt across that bat-

tery charging section upon physical removal of a bat-

tery from that battery charging section to permit

charging of other batteries in other battery charging
sections of said battery charger to continue.

16. A serial battery charger according to claim 15,

wherein the bypassing switches of said plurality of charging

sections are vepeatedly activated during a battery charging

process for assessing charging parameters of a battery.

17. A serial battery charger according to claim 16,
wherein said bypassing switches arve vepeatedly activated by
said micro-controller at a high frequency.

18. A serial battery charger according to claim 16,
wherein said micro-controller and said bypassing switches
of said plurality of battery charging sections are adapted so
that said bypassing switches are repeatedly and individually
actuatable during battery charging to enable the charging
conditions of batteries connected to said plurality of battery
charging sections to be assessed.

19. A serial battery charger according to claim 15,
wherein said micro-controller and said bypassing switches
of said plurality of battery charging sections are configured
so that said bypassing switches ave repeatedly actuated dur-
ing battery charging, to assess charging conditions of batter-
ies connected to said plurality of battery charging sections.

20. A serial battery charger according to claim 19,
wherein said bypassing switches of said plurality of battery
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charging sections ave selectively actuatable during a battery
charging process, for individually monitoring the charging
conditions of batteries connected to said plurality of battery
charging sections.

21. A serial battery charger according to claim 19, 4
wherein said micro-controller and said bypassing switches
are adapted so that the bypassing switch of a battery charg-
ing section is activated when one parameter of a battery

connected to said battery charging section satisfies a pre-
determined condition.

22. A serial battery charger accorvding to claim 19,
wherein, upon actuation of a bypassing switch of a selected
battery charging section, said one-way electronic device of
said selected battery charging section becomes current
blocking, whereby a battery connected to said selected bat-
tery charging section is effectively isolated from both said 1°
first and second parallel branches.

23. A serial battery charger according to claim 19,
wherein said micrvo-controller and said bypassing switches
are adapted so that, when a battery is removed from a bat-
tery charging section, or when the terminal voltage of a
battery is to be measured, the bypassing switch of said bat-
tery charging section is actuated.

24. A serial battery charger according to claim 19,
wherein the bypassing switch of a selected battery charging
section is actuated upon detection of a battery terminal volt-
age exceeding the supply voltage of said selected battery
charging section.

25. A serial battery charger according to claim 19,
wherein said one-way electronic device is disposed against
discharge of a battery through said second parallel branch.

26. A battery charvger accorvding to claim 15, wherein the
current rating of said charging current source is at a vate of
1C or above, and wherein said micro-controller and said
bypassing switches of said plurality of charging sections are
arranged for high-frequency switching and ave selectively
activatable.

27. A battery charger according to claim 26, wherein said
bypassing switch, comprises a MOSFET and said one-way
electronic device comprises a blocking diode, said blocking
diode having a low-impedance when curvent flows into the
battery being charged and a high-impedance when there is
no power supply from said battery charger.

28. A battery charger according to claim 15, wherein said
bypassing switches of said plurality of battery charging sec-
tions are individually activatable and deactivatable, and
wherein a battery connected to a battery charging section
with the bypassing switch activated is effectively isolated
from the circuitry of said charging section.

29. A battery charger according to claim 28, wherein said
one-way electronic device is a blocking diode and said
bvpassing switching is controlled by said micro-controller.

30. A battery charger accovding to claim 28, further com-
prising voltage measuring means, wherein said micro-
controller, said voltage measuring means, said one-way
electronic devices and said bypassing switches are adapted 55
for high-frequency and repeated voltage measurements of
batteries connected to said battery charging sections.

31. A battery charger according to claim 30, wherein the
voltage of a battery connected to a selected battery charging
section is measured upon isolation of said battery from said 60
selected battery charging section by activation of the
bypassing switch of said selected battery charging section.
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32. A serial battery charger according to claim 16,
wherein said charging curvent source is adapted for charg-
ing batteries at a charging curvent rate of 1C and above,
said bypassing switches are individually controllable by said
micro-controller, and said bypassing switches are adapted

Jor high-frequency switching so that the charging conditions

of a battery can be monitored durving the entive battery
charging process.

33. A battery charger according to claim 15, wherein said
micro-controller is also configured for monitoring at least
one parameter of a battery being chavged in a battery charg-
ing section and for activating the bypassing switch of a bat-
tery charging section by forming a low-impedance shunting
across the first parallel branch of that battery charging sec-
tion when one of said parameters of the battery connected to
that battery charging section satisfies a pre-determined
condition, said battery parameters including open-circuit
voltage, close-circuit voltage and the temperature of said
battery.

34. A battery charger according to claim 15, wherein each
charging section is for charging an AA ov an AAA battery.

35. A battery charger according to claim 15, wherein said
bypassing switch is activated to form a low-impedance shunt
across one of the battery charging sections upon detection of
overheating of a battery from that battery charging section
of the battery charger so that charging of batteries in other
battery charging sections of said battery charger continues.

36. A battery charger according to claim 15, wherein said
bypassing switch activated to form a low-impedance shunt
across one of the battery charging sections upon detection of
a defective battery in that battery charging section of the
battery charger so that charging of batteries in other battery
charging sections of said battery charger continues.

37. A battery charger according to claim 15, wherein said
bypassing switch is activated to form a low-impedance shunt
across one of the battery charging sections upon detection of
a fully charged battery in that battery charging section of the
battery charger so that charging of batteries in other battery
charging sections of said battery charger continues.

38. A battery charger according to claim 15, wherein said
bypassing switch is repeatedly activated to form a low-
impedance shunt acvoss one of the battery charging sections

for battery voltage measurements during a battery charging
45 process.

39. A battery charger according to claim 15, wherein said
battery charger comprises a constant current source.

40. A battery charger according to claim 15, wherein said
micro-controller is further configured so that the bypassing
switch of a battery charging section is activated to form a
low-impedance shunt acrvoss that battery charging section
when a defective or an overheated battery is present in that
battery charging section to permit charging of other batter-
les in other battery charging sections of said battery charger
fo continue.

41. A battery charger according to claim 15, wherein said
micro-controller is further configured so that the bypassing
switch of a battery battery charging section is operated to

permit charging of said battery when said battery is inserted

into that battery charging section.
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