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MULTIPLE CELL BATTERY MANAGEMENT

CROSS REFERENCE TO RELATED APPLICATION
This 1s a 1 TA Application of Provisional Application Sertal No.
617737048, filed on December 13, 2012, entitled CELL VOLTAGE
MEASUREMENT MEANS FOR A MULTI CELL BATTERY PACK by John
Manford Wade.

FIELD OF THE INVENTION
The present invention relates generally 1o battery charging and protection,
and more particularly 1o voltage measurement for a plurglity of rechargeable

batterv cells.

BACKGROUND OF THE INVENTION
Many battery powered products require the use of multiple cell batterv
packs with the calls connected in sertes to achieve a high enough voltage for

proper operation. The rechargeable type of battery packs need to be recharged

¥z

periodically so that the powered operation can continue. And, special care needs
to be taken to avoid damage to the battery cells duning charging and operation,
Two typical damages to batlery cells arz overcharging and desp-discharging.
Overcharging may cause severe damages to batterv cells, and may even

hecome safetv concerns. Overcharging fithium-ton or lithium polymer batteries,
for example, mav cause thermal runaway, and the high temperaturs developed
mav lead to cell ruptare. Fire hazards have been reported during charging as
extreme cases. Therefore, much attention has been paid to battery overcharging

and sclutions have been designed to avoid battery damage and safety issues. The

{vpieal charging svstem developed applies one charger to charge all cells

connected in series in a battery pack. Since all cells are not manulaciured the
same, some cells may charge faster than others. As such, charging a battery pack
with a pluralitv of cells with a smgle charger can lead o overcharging some of the

cells,
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US Patent No. 4,079,303, issued to Cox on Mar. 1, 1978, discloses a two
step charging system to charge all battery cells connected n series af an butial
charging rate to a predetermined voltage threshold, followed by an equalization
procedure for charging each of the cells with controlled and equal voltage to fully
charged state. The disadvantage of such a svstem 15 that the equalization phass s
based on a conservative estimate of a predetermined charging voltage threshold.
And the charging process can be fime consuming when the battery pack contains
many cells.

A common practice of using a single charger to charge a battery pack of a
pluralitv of cells 15 1o use shunt circutt (o bypass the charging cireust of each
idividual cell when itis fully charged to avoid overcharging and over heat, US
Patent No. 6,388,424B1, ssued to Hidaka et al on May 14, 2002, teaches a system
for charging a plurality of lithinm-ion batterv cells connectad 1 sertes. And, each
of the cells has a shont cirawt connected wn parallel with the cell. A comparator
compares the charging voltage of each cell with 3 reference voltage. When the
charging vollage 15 hugher than the reference voltage, a swatch is activated {o
direct the electricity {o the shant arewt for the cell. Although the invention is
trying o supply the surplus energy to the next cell in hine, this svstem mevitably
causes energy waste for charging which is not friendly to the envirenment.

Another damage that can happen to battery cells 1s deep-discharging. And
this 1s especially troe for lithivm-1on and bithiven polymer batteries. When a
charged battery pack of a plurality of cells 15 connected to a load, each cell is
gradually discharged, and the cell voltage dechines. When a cell is discharged
below a defined fow voltage threshold, further discharging may damage it. After
that, the cell may have degraded storage capacity. For example, a certain lithiurms-
ton batterv call of the LiFePO4 varietv should not be discharged below 2.5 volts
{0 avoid deep-hscharging damage. It is buportant, therefore, that care 1s taken to
remove the batiery foad before the fow cell vollage limit is reached.

Therafore. it 1s iinportant to manage individual cells n a battery pack to
effectively avord over charging or deep-discharging of the each cell. For a battery
pack of a plurality of cells, each cell can behave differently due to variations of

manufacturing and parts supply. 1t is apparently advantageous to measure the
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voltage of each of the calls due o the type of uncertainties, In this way. when the
voliage of anyv one of the plurality of the cells reaches a predetermined low
voltage Hmit, a decision s made (o unload the battery pack. And the battery pack
15 effectively protected. It s also advantageous 1o individually charge each of the
plurality of cells m a battery pack so that ne one cell is overcharged.
Therefore, there 13 a need for a simple and inexpensive way o manage
each cell in a battery pack containing a plurality of cells for the best battery

protection and extended battery hfe.

SUMMARY OF THE INVENTION

It is therefore an object of the invention 1o provide a method and a svstem
to manage a loaded batiery pack imcluding a plurality of recharggable battery cells.

According o one aspect of the invention, the batlery managing svslem
comprises a plurality of modules for voltage detection and charging. one for each
of the plurality of battery cells, Each voliage detection and charging module
comprises a voltage detection cirawat to defecet the voliage of the corresponding
battery cell and a charger to charge the same battery cell. Optionally, o
maltiplexer is connected {o the voltage detection and charging modules 1o allow
scanming of multiple cells for voltage detection,

According 1o another aspect of the invention, sach voltage detection and
charging module is connected 1o its corresponding battery cell with one or two
wires to the positive side of the battery cell and another set of one or two wires 10
the negative side of the battery cell;

According to vel another aspect of the invention, the voltage detection for
each of the plurality of batterv cells 1s in process when the battery pack s 1n
toaded operation, and the charging for each of the pluralitv of battery cells
happens when the battery pack is not foadad.

According 1o vet another aspect of the invention, all the voltage detection
and charging nodules for the plurality of battery cells are identical (o each other

and are interchangeable

13
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According 1o vet another aspect of the invention, during loaded battery
operation when a battery cell voltage is detectad balow a pradetermined tow
voltage Hmit the foad is removed from the batter pack for protection,

~

According to vet another aspect of the mvention, the charger for each of
the plurality of hattery cells includes a control circuit to detect the voltage of the
corvesponding battery cell and {o end charging when the cell voltage reaches a

predeternuned bigh voltage himit,

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of the invention wall become more
fully apparent from the following description and appended claims taken in
conjunction with the following drawings. where like reference numbers and
alphanumeric names indicate identical or functionally stmlar elements.

FIG. 115 a schematic diagram of a voltage detection ciremt connected to a
hattery cell;

FIG. 2 iz a sertes of chasts showing electrical signals changing with time
for 4 cases when apphving the cirenit in FIG. 1 for voltage detection:

FIG. 3 shows a wave form of Case C in FIG. 2 for one full evcle, mncluding
the postiive half cycle and the negative half cvele;

FIG. 4 1s a schematic diagram of voltage detection of 4 battery celly
connected in senies, based on the circunt in FIG 1

FIG. 3 s g schematic diagram of a voltage detection and charging circut
for 4 batterv calls connected w series, based on the cirewt m FIG. 4; and

FIG. 615 a schematic diagram of the voltage detection and charging
maodule for a battery cell taking owt of FIG. 5.

FIG. 7 is an altemative schematic diagram of FIG. 6 including additional

wires betwaen the battery cell and the voltage detection and charging module.

DETAILED DESCRIPTION OF THE INVENTION
The present description will be directed m particudar to elements formmg

part of, or cooperating more directly with, methods and apparaius in accordance
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with the present invention. 1{1s to be undersiood that elements not specifically
shown or described may take various forms well known to those skilled i the arl,

FIG. 1 shows g cireait to detect the voltage of a batterv cell. A current
limtted square wave generator 2 1s connected o & battery cell 4 with vollage V.
And, current hnuted square wave gensgrator 2 and battery call 4 are referenced o a
common ground. Square wave generalor 2 produces voltage wave form V,, that
has a series of waves with frequency F. Each wave has a positive phase and a
negative phase, or a positive cvele and a negative cvele, with a peak-to-peak
voliage amplitude Vg, When square wave generator 2 13 not loaded, the wave
form Vg is a square wave with maximum peak-to~peak voltage Vgems. When it
15 foaded enough 1o cause current limiting, wave form 'V, changes shape according
to the load, and its amplitude V., may be lower than V. pmae. The cireuit in FIG.
1 mcludes a capacitor € and two diodes d1 and 42 that separate fhe circuit to two
current loops depending on the phase of wave form V from square wave
generator 2. When Vi 1s low enough relaiive (o Vy, and square wave generator 2
sends ouf a posifive phase of a wave, electrical curent 1 = I travels m the
direction from capacitor C through diode di 1o the positive side of batlery cell 4,
When a negative phase is sei, electrical current I = I, travels in the direction from
the negative side of battery cell 4 through diode d2 fo capacitor €. Diodes di and
d2 can be replaced with other tvpes of rectifiers that allow one way current flow,

The voltage of cell 4, Vi, can be measuared for two distinctively different
purposes: the firstis {o track the cell voltage to prevent overcharging during
charging or o deternmne the statuy of the cell during operation: the sscond is to
prevent deep-discharging duning operation. The civewst of FIG. 1 can sevve both
purposes, During an operation when a batterv pack is used to power a foad {not
showvny, cell 4 15 gradually discharged as energy 15 delivered to the toad.
Consequently, the voltage of cell 4, V., goes fower and lower. Af a cartain point,
Vi will decling to reach a predetermined low voltage limit Vi, below which
damage to cell 4 can happen.

Seueare wave generator 2 has current imit idicator (L} that 1s high
whenever the generator i current iuted 1o either positive divection, wherein | =

I; 1s greater than O, or negative direction, wherein 1= 1, is greater than 0. In other

13
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words, limit indicator {L] being high is a signal that wave form V,, from square
wave generator 2 1s current huvited. Indicator (L can be derived from electricad
current in FIG. 1. For example, an amphifier can be built into the circuit to take
current | as input. In this way, even a small signal of 1 causes the amplifier (o
output a strong signal. Indicator L devised m such away 1s a current indicator,
Other mmplementations exist to produce the same outpul. As will be dehimeated in
the next paragraphs, by measuring the change of indicator [L|, whether Vy of cell 4
hos reached the Tow voltage linnt, Viaee, can be detected, The low voltage hmit
detection can also be made with direct measurement of current I, or voltage V,
with implementation of crcuits known by those with ordinary skitl in the art.

To detect whether Vy, of cell 4 has reached low voltage limit, Vi, the
current linuted maximum peak-to-peak voliage amplitwds, Vo ppume, of the wave
V., from generator 2 needs to be set to a predetermined value according to low
voltage lmit Ve, of celt 4, voltages across diodes 4 and d2, and voliage across
capactior C, as will be described subsequantly.

According to FIG. 2, there are fowr states as voltage Vy, of cell 4 decreases
and crosses tow vollage himit Vioew. They are Case A, Case B, Case C, and Case
D, respectively. In FIG. 2, wave form V,, current 1, and indicator (L} are plotted as
functions of time for the four ditferent cases. In each of the four cases, steady state
i3 assumed after capacitor € 18 wutially charged.

For Case &, V), is substantially lngher than the predetermined low voltage
Bt Vigge. And, ¥y 15 even hugher than maximum peak-to-peak voltage
amplitude Vippmas 0f wave V. Therefore, diode di and dinde d2 do not conduct
and no current flows, thatis, i = I = 0 for the full period of V. As a result,
square wave V, 1s undistorted. As shown in FIG. 2 ag Case A, V15 a perfect
square wave, because there is no current flow, Le., 1 =1, Therefore, indicator {1
stava ik

As celf 4 in FIG. 1 discharges and ¥y goes lower, to a certain point, Vy
will become somewhat lower than maximum peak-lo-peak voltage Vo Then,
Case B of FIG. 2 happens. At this point, diede d1 condacts for part of the positive
cyvele and diode d2 conducts for part of the negative evcle. And the activities

alternately add 1o and subtract {rom the capacitor’s mitial charge. When generator

- f =
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2 is loaded by current flow for part of the positive cycle and part of the negative
cvele, wave form V, cannot maintain ity onginal square shape. And, generator 2
vesorts to drive the load with is limited constant current, in partial positive or
negative phases, in an effort to restore V, o its unloaded shape and value. The
necessary voltage change across capacitor € for Case B i3 so small fhat it takes
only part of hall cycle to restore V1o ils unleaded shape and value. Once V,
reaches steady state, carrent T subsides, as shown 1w FIG. 2 as Case B In this case,
sndicator {L{ s high when current I has 1is limit current flowing duning the time V,
ts ramping 10 its steady state value on each of the partial half ovolss.

As cell 4 further discharges, Vi goes lower further. Therefore, v takes
tonger for V,, 1o reach steady state. To a certain pom, the time i takes for ¥V to
reach steady state is exactly the length of a half cycle of wave form V. hence
Case C of FIG. 2. For Case €. generator 2 15 not able to restors 1t unloaded
voltage vntil at the end of each positive phase or negative phase. As a resalt,
current I = I stavs constant for the entire positive phase of a wave as it flows
through diode di. And the same i true for the entire negative phase of the wave
as current flows through diede d2 as 1= 1. The positive phase current I = 1) and
the negative phase current 1 =1 are equal in absolute value but opposite i flow
dirzction from generator 2. Consequently, mdicator iL} 13 constantly high for the
{ult wave period for Case C.

Finally, for Case D, Vi, is lower still because cell 4 is further discharged.
Current I flows durimg both half cycles, just as m Case C. The difference is that
paak-to-peak amplitnde V. of wave form 'V, is reduced from that of Case C.
This 1s because current | flowing through diode di 1 the posstive ¢yele and
throngh dicde d2 in the negative evele Tals to fully recover V, to its stead state
shape and value and to rts maxumum peak-to-peak voltage Vg

Considering the spectal properties of Case C, 1 Vy, 13 shightly higher than

that of Cage C, the Hmit current indicator [L{ is esther off or pulsing high for partial

hall evele. When Vy reaches the value of Case C, the pulsing stops and mdicator
(LI remains high. Since the transition of {1 from low, 1.e., Case A, or partially {ow,

ve, Case B, to high, 1.e., Case €, is detectable, {1} can be used for the detection of

battery cell voltage Vy, being low. To make this detection a possibilite, 1 1g
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critical, then, to select electrical components €, di and d2, and a wave form V,

having a matched maximum peak-io-peak voltage amplitnde Vppme and

frequency.

The following example, in connection with FIG. 3, numenically iltustrates
the sefection of wave form V,, and components C, a1 and d2 for the detaction of
voltage Vi of cell 4 in FIG. 1 bemg low.

First, let’s assume that the low voltage ot of cell 4 m FIG. 1 is Vg =
2.8 V, and that operation temperature 15 25°C, The hinuted current | 1z designed to
be 1 mA. Since [ is very small. it does not substantiallv affect the voltage of cell 4.
The components of the circult in FIG. 1 are selected gs follows: capacitor € wath
capacitance of LOO pF dicded! anddiode 2 with Vg =V =0573 V {1 =1
mA af 257C). Wave form Vg 18 sel to have lrequency F = 10 KHz The last
parameter to decide 15 the value for maximum peak-to-peak voltage Vi poes.

Since current § for Case C 15 constant on each of the positive and negative
half cvcles, the slope of the voliage mm_p can be calculated as

= 107 12100 = 10° VIS,
Because the time for each half evele is WF = 110"y = 5010 &, the voltage
change on the half evele ramp is

(107 VI8 = (30x10° )= 50 mV |

As such, Vyppame should be equal to the summation of cell voltage Vi phus
the voltage drops at diodes d1 and d2 and 50 mV. In other words, Vo, would be
{arger than the summation of cell voltage Vi, plus the voltage drop at diode d1 by
25 mV at the positive excursion of wave form ¥, and 25 mV below the
surmmation of cell voltage V), plus the voltage drop at diode d2 at the negative
excursion, This happens because capacitor C acqutres whatever nominal charge
necessary to make the positive and negative charge excursions equal. The

capacitor therefore makes a +25 mV 10 -23 mV transition from its nominal charge
on the first ramp, and the opposite on the second, so that each ranyp traverses 50
mYV. Therelore, the equation of voliage balance can be written as:
-Vgﬁi_}puum; = ViV tV o 30 mV,

,'\Bd \"V:(:-}ﬁjp‘—m;,y ” s] PO \7.}’ '[ U \7\ ]' 0 [ 5 "%‘0 "'\.:
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Therefore, (o detect celt 4 of FIG. 1 against a low voltage linit Vg = 2.8V and
with components selected in this example, a maximum peak-1o-paak voltage V.
mas == 4,00 V s determuned for wave form V.
The detection of voltage low for celt 4 i FIG. | follows the cases
3 dlustrated i FIG. 2. In an operation when cell 4 15 foaded and discharged, voltage
Vy goes fower and lower. Initally Vy 18 substantially above the low voltage limt
Vidow. And, current 1 from generator 2 and mdicator {L both siay low. This is
Case A. At a cerfain pomt when Vi, 18 reduced close to low voltage limit Vi,
Case B happens, where current 1 flows for part of each the half cvele and indicator
16 Ll pulses. Further discharging ol cell 4 leads to Case €. That s, current flows for
full positive and negative cycles, and indicator (L] stays high all the time, Atihis
point, voltage of cell for 15 detecied 1o reach low voltage nut Vi
The same curcuit v FIG. 1 can be wsed for measwring of voltage Vy, of celt
4. Instead of setting maximum peak-to-peak voltage Vppmes 10 & determined
15 value according 1o the parameters of componenis €, 41 and d2, and the
predeternined low voltage limit Vo tor call 4, Ve starls from a
predeterniined low value and incrementally increases during the detection process.
The voltage detection process alse follows the cases in FIG. 2. When V g 18
fower than Vy, Case A of FIG. 2 happens. AS Veppme icrementally increases, at
20 acertamn pownd it is slightly above Vart Vi + Vg This feads to Case B, when current
1 from generator 2 flows for part of each the half cycle and mdicator {1 pulses
Further moreases Vo Wil trigger Case € shown in FIG. 2, where current
flows for full positive and negative cveles, and indicator (L} stays high alf the time.
Tn this way, Case C 15 the detection of cell 4 voltage Vy. Using the assamptions
25 and component sefection of the above example, Vi, can be caleulated as
V= “’;@'?hlmax ~Va- Vo -3 my,
where Vppmes 18 the maxinum peak-to-peak voltage of wave form V when Case
C happens.
The cell voltage detection capability provided by the method described
30 above can produce battery status update based on actual measurements mstead of
estimates based on usage. When cell veltage s ronning low, an alevt can be

produced to war the operator. And, when a cell in the battery pack malfunctions,

ZY -
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for example, with low voltage or charging fathure, waming can be produced 1o
frave the call replaced.
For accurate detection, the forward voltage drops Vyy and Vg of diodes d1
and d2 need to be specified for certain hmited current vsed, for instance, the 1 nA
3 avin the previous example. Fortunately tightly specified dindes are availabde
mexpensively. One issue is that the temperature of the diodes 1 not abways gomg
to be 25°C or at a fixed value. So temperature compensation i3 necessary for
accorate measurenent. One method of lemperature compensation is 10 accurately
measure the temperatures of diodes d1 and d2, and mterpolate the trae voltage
10 drops Vi and Vg according to established voltage drop and temperature
correlation. Diode voltage drop and temperature correlation can be provided by
vepdor or established in fab. Another method s to control the diode lemperature to
anarrow range during operation so that the diodes have constant voltage drops.
Conventional methods for temperature control of electronics exist and can be
13 selected and umplemiented by one of ordinary skill i the art.
A practical method of temperature compensation of diodes di and d2 n
FIG. 1 s to match a pair of diodes in the cireunt of square wave generator 2 so that
vollage Veppuss 18 actually composed of a portion caused by diode temperature
change. Ideally, the output voltage V of wave generator 2 includes the voltage
20 drops of two diodes identical to d1 and d2. In addition the matching diodes in
wave generator 2 also have | mA of current flowing through and are at the same
temperature as that of d1 and d2. In this way, when temperature changes. Veppma
will change with temperature the same amount that voltage drop VatV g changes,
and the terperature effects on di and d2 are thereby compensated for. To
25 maintain diodes d1 and d2 and their matching diodes i generator 2 ot the same
temperature, the 4 diodes can be physically placed at close vieimity or n contaet
with each other. Or, they cant be thermally comnected. T other words, they can be
connected by a structure that has high thermal conductivity, or conveclive media,
if there is a distance betwesn them.
30 Turning to FIG. 4, the voltage detection cirewt of FIG. 115 applied to
detect voliages of 4 cells in a battery pack. Because the circuit for ach cell is

identical, the practice can be expanded (o detect voliages of many cells ina

10 -
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hattery pack, whether the cells are connected in series or in pargliel, In practice,
the limit to the manber of cells i a battery pack is the voltage and current
veqaired for the operation, in addition to cost consideration, In FIG. 4, square

wave generator 12 i shaved by 4 cirewdts for the battery cells 22, 24, 26 and 28,

LA

Each circuit 15 connectad to ong battery cell at one end and o a conunon analog
stgnal mudtiplexer 16 at the other end. Multiplexer 16 can mclade control logics or
a processor that can manage multiple tasks. The wave signal from square wave
generator 12 15 mamipulated by multiplexer 16 and sent to cells 22, 24, 26 and 28
sequentiallv, Each of the 4 circuds for voltage detection of individhual cells 22, 24,
16 26 and 28 are identical to each other. That is, capaciiors €1, C2, C3 and €4 are
wdentical. And dicdes D and D2 are identical to D3 and D4, 1o D5 and D6, and o
D7 and D8,

FIG. 4 includes a Case C detector 14 1o take indicator iL

and Voppma 38
frput and determine vollage detection according to the criteria described m

15 previous paragraphs related to FiG. 1 When a predetenmined maximunt peak-to-
peak voltage Ve 18 et according o cell low voltage himit, Case C detection
of iL] high for a battery cell means thal voltage of the batlery cell has reached the
tow voltage limit. A decision will be made to remove the load (not shown} and
stop the operation. When the detection process starts af alow Vi ppana and

20 ingcrementally increases, indicator [L{ low means voltage for the cell baing tested i3
not vet detected. And mdicator L high, or Case €. means that that voltage of the
hattery cell 1s detected. Voltage for the cell 1s caleulated according to the formula
provided above, Since cell voltage normativ changes slowly while being

discharged with nonunal currents, it 15 sulficient to sample it periodically rather

bt
by

than making continuous measurements. Therefore, sequenced and multiplexed
measurements are suifable for most call voltage measurement and fow voltage
detection purposes.

I FIG 4, the capacitors and diodes can be located either near their
respective cells. Or they can be placed remote from the cells but close to
30 multiplexer 16. Since there are not many wires in the cirewts, both cases are
feasible. As disclosed previousty, i#t's important {o compensate the diodes for

temperature change, i order to accurately detect cell voltage.

-1t -
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Now turning 1o FIG. 3, each individual voltage detection cireuit in FIG. 4
ts coupled with a battery charger. Four battery chargers 32, 34, 36 and 38 are used
1o charge battery cells 22, 24, 26 and 28, respectively. FIG. 5 shows that each
battery charger has 2 wires to connect to 18 respective cell. Bat comnion wire

3 shanng by adjacent chargars is possible. The charger can be a type of hithium-ion

or fithiam polvmer battery charging device that 1 conumercial avalable. Lithium-
son and lithium polymer balteries have bigh voliage bimit above which damage to
hattery cell can happen. As such, battery chargers 32, 34, 36 and 38 preferably
include thewr own orrcuits for detecting the batiery chargmy state, mampdating

1 charging rate when charging voltage approaches the high volfage hmit. and ending
charging when the high voltage limit is reached. Comparing with the voltage
detection circuit of FIG. 4, the detection circutt included in a batterv charger can
has the advantage of wanipulating and controliing the behavior of the charger.

The capaciters and the diodes of an each detection cirouitin FIG. 5 can be

15 located next to thair coupled charger. For example, capacttor C1, diodes DI and
D32, and charger 32 can be placed in close viamity or packaged togethier in the
same hoosing. Forther the detection and charging components can be placed close
to battery cell 22, The voltage detection components and battery chargers of FIG.
% can {ake other arvangements as optinial 10 batlery pack miegration.

24 Since the detection cirewit and cell charger for each of the batiery cells in
FI1(5. § are simple and 1dentical, 1115 possible to design and package them asa
modulte. Such an embodiment is further depicted n FIG. 6, which 1s taken out of
FIG. 3 as module 39 for cell 22, Modude 30 containg voltage detection
componants €1, D1 and D2, and charger 32. Preferably, these components are

25 standard components available from the market, They can be packaged closely
topether. For example, they can be assembled in a small housing oty a mass
production assembly fine as an intermediate product. Though modulz 38 is taken
out of FIG.5 as connected fo cell 22, it can be connected 1o any of the 4 cells
hecause all the detection and chargmg modules are 1dentical. During battery pack

30 inlegration, the munber of modales 30 are selected to match the number of battery
cells 1 the battery pack. Then each module 30 1s connected to a batterv cell. Since

modales 30 are modularized and winng 1s simple, no attention need to be paid to
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match module and cell, As such, the integration or gssembly process is stmple and
can be error freg. Duning operation when one module experiences an issue, if can
be replaced without toaching other modules in the same battery pack. Therefore, a
maodular device for voltage detection and battery charging, sueh s module 30 of

3 FIG. 6, significantly reduces the complexity and greatly simplifies the integration

and maintenance.

Module 30 can be further simplified by shaved wiring of vollage detection
and charging. For many applications, charging and discharging of a battery pack
do not need to take place ssmultaneously. For example, for a batterv powered

16 vehicle, battery charging happens when the vehicle 15 stopped and connected fo a
charging station. At the thme, 1t is proper to temporarity remove the load from the
batterv. And, the nead for voltage detection is during batterv in operation. This s
especially true when batlery chargers. such as many commercially avaifable tvpes.
have the capability to detect battery voltage and control the charging process. In

153 thus case charger 32 in FIG. 6 includes a vollage detection qreut! that senses the
vollage of batfery cell 22 and controls charger 32 during a charging event
accordingly. As such, modude 30 in FIGs. 3 and 6 only has two wires connecting
to the cell, one wire to the positive side of the cell and the other to the negative
side of the call. And, the same wiring used for cell voltage detection by the

20 detection circurt that mcludes capacitor C1 and diodes D1 and D2 is also used for
charging: voltage defection happens during battery 1 operation: and charging
happens when battery voltage s low and i not 1n operation. 1t can also be seen in
FIGs. 5 and & that only 1 wire connects module 36 1o shared mudiiplexer 16
because the circuit retum to common ts accomphshed throogh the battery pack.

25 An ghiemative of Module 30 of FIG. 6 1s shown in FIG. 710 have exira
wirtng and to include a secondary voltage detection circwit 40, Charger 32 15
commacted to hattery cell 22 through wires 42 and 44, And the secondary voltage
detection circait 40 shares the savne witing 26 and 48 with the main detection
cireutt that includes capacitor C1 and diodes D1 and D2 to connect to battery cell

30 22 Inthis way voliage detection by the main vollage detection circuit as
tlustrated in FIG. 3 or by the secondary voltage detection circut 40 can detect the

voltage of the battery cells 22, 24, 26 and 28 when the cells are being charged
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without being affected by the voliage drop caused by the charging current.
Thergfore, the civeuit of FIG. 7 can be appliad to the cases where call charging
and voltage detection need 1o happen simaltancoosty. In FIG. 7, V Detector 40
represents an example that a voliage detection circuit 13 included in the packaging
of charger 32 avalable to purchase from the market.

Back to FIG. 5, the components that are shared by the voltage detection
and cell charging modules, mclude mudtiplexer 16, wave generator 12, and Case €
detector 14, All these shared components can be packaged togetber. For example,
thev can be assensbled on asingle PCB. Then, the PCB can be placed close to the
detection and charging modules, thereby assuning wothermal conditions for
accurate temperature compensation,

The number of cells connected fogether in a battery pack, and measwwed
with the method of this invention is only limited by the voltage ratings of the
capactiors used and the required sampling thme and frequency, making this
fechnique verv powerful, In addition, the low cost of the components associated
with each cell allows for economcal use with a many cell pack.

I is wnderstood that the above-described invention is merely illustrative of
the possible specific embodiments which may represent principles of the present
mvention. Other arrangements may readily be devised in accordance with these
principles by those skilled in the art without departing from the scope and spint of

the invention.

- 14 -
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CLAIMS

1. A method for managing arechargeable battery cell that is connected to a

foad, compnsing the steps oft
detecting the battery cell voltage with a first vollage detechon oireuit;
5 charging the battery cell with a charger; and

wherein the first voliage detection crcuit and the charger are connected o the
positive side of the battery cell with fess than 3 wires, and connected to the

negative side of the battery cell with less than 3 wires.

16 2. The method as recited i claim | wherein:

the first voliage detection circuit and the charger share conumaon wiring
connacting 10 the battery cell, with one shared wire connecting to the
postive side of the batterv cell and one shaved wire connecting to the

negative side of the battery cell; and

13 wherein the detecting the battery cell voliage happens when the battery cell is
1 loaded operation, amd the charging the battery cell happens when the

battery cell s not in foaded operation,
3. The method as racited in claim | wherain:

20 when the battery cell voltage is detected below a predetermined low voltage

Himit the load is removed from the batter cell.

4. The method as reaited in claim | wherain

the first voltage detection circut and the charger are assembled i a single

o]
L

housing.

5. The method as recited in claim |, further comprising the steps of
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detecting the batterv cell voliage during charging with a second batiery
voltage detection cirewit proximate the charger, and

ending chargmg when the cell voliage reaches a predeternuned high voltage

limit,

6. The method as recited in claim | wherein:

the first voliage detection circuit and the charger have separate winng
connecting 1o the battery cell, the first voltage detection circuit having a
first wire connecting 1o the positive side of the battery cell and a second
14 wire connecting to the negative side of the battery cell, the charger having
a third wire connecting {o the positive side of the battery celt and a fourth

wirg comecting {0 the negative side of the battery cell.

7. The method as recited n ¢laim | wherein:

15 the battery cell voltage is detected by the fust voltage detection circuit dunng

loaded operation, and by the a second voltage detecthion circuit proximate

the charger when the basterv cell is charged

& A method for managing a batlery pack having a plurality of recharzeable

20 battery cells, the battery pack is connected to aload, comprising tha steps of:

performing the steps as recited in clamm 1 for cach of the plurality of

rechargeable battery cells; and

muttiplexing voltage detection of the plurality of battery cells wath a

mdtiplexer,

9. The method as recited in claim § wherein:

the plurality of rechargeabls battery cells are connected m senes.

- 16 -
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20

o]
L

16. The method as recited in clatm 8 wherein;

for each of the phwality of rechargeable battery cells the first voltage detection
cireust and the charger shave common wiring connecting to the batterv cell,
with one shared wire connecting to the positive side of the battery cell and
one shared wire conneching to the negative side of the battery cell; and

wherein the detecting the battery cell voltage for sach of the plurality of
battery cells happens when the battery pack 1s in loaded operation. and the
charging the battery cell lor each of the plurality of battery cells happens

when the batiery pack ts not m loaded operation.

11, The method as recited in claim & wherain

when the voltage of any of the pluratity of battery cells is detected below a

predetermined low voltage lint the load 15 removed from the batter pack,

{2, The method as recited m clasm 8 wherein:

for each of the plurality of batterv calls the fret voltage delection ¢l and

the charger are sssembled in a single housing

13. The method as recited in ¢laim § wherain:

the modute including the first voliage detection circuit and the charger is

identical for each of the plurality of battery cells.

14, The method as recited i claim 8, further compnising the steps of)

detecting the battery cell voltage for each of the plurality of battery cells
during charging of the battery pack; and

ending charging of a battery cell of the voltage for the battery cell reaches a

predetermuned high voltage hmt

P

e

o
'
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15, The method as racited m ¢latm 14 wherain

the detection of the batterv ¢ell voltage during charging s done by a second

voltage detection circuit included i the charger,

16, The method as recited i chaim § whersin:

for each of the plurahity of batterv cells the first voltage detection aircul and
the charger have separate wining connecting 1o the baitery cell, the first
vollage delection circult having a first wive conneching 10 the positive side
10 of the battery cell and a second wire connecting (o the negative side of the
battery call, the charger having a third wire connecting to the positive side
of the battery cell and a foarth wire connecting to the negative side ol the

battery cell.

15 17. A battery managimyg system for a battery pack having a plurality of
rechargeable battervy cells connected m series, the battery pack is connected to o

foad. comprising:

a voltage detection and charging module for each of the phurality of battery

cefly, the module for a batterv cell including a voltage detection circuit to
20 detect the voltage of the batterv cell and a charger to charge the batlery
cell, the module being connected o the respective battery cell with less

than three wires o the positive side of the battery cefl and less than three

wires o the negative side of the battery cudl;

a mudbiplever connected to each voltage detection and charging modude o

g
]

control the voliage detection; and

wherem the voltage detection for sach of the phurality of battery cells happens
when the battery pack is in loaded operation, and the charging for each of
the phurality of battery cells happens when the battery pack 15 not in loaded

operation.

-18 -
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18, The battery managing svstem as recited m claim 17 wheramn:

during loaded batterv operation when the voliage of any of the plurahity of the
battery cells is detecied below a predetermined low vollage lnmit the oad

5 is removed from the batier pack.

19 The battery managing system as recifed m clamm 17 wharein:

for each of the plaralitv of batterv calls the module that mcludes the voltage
detection circutt and the charger s identical and assembled m a single

14 housing.

20 The battery managing svstem as recited o clanm 17, whereiy

the charger for gach of the phuahiy of batterv cells includes a contyol circul o
detect the voliage of the battery cell, and to end charging when the cell

15 vollage reaches a pradetermined high voltage himit,

- 19 -
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