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Cell overcharge Protection Circuit 

The invention relates to a cell ov:ercharge protection 

circuit, preferably for rechargeable alkaline manganese di­

oxide-zinc cells. 
Several types of rechargeable cells a~e sensitive 

5 against overcharge during the charging process. Rechargeable 

alkaline cells e.g. can be charged up to about 1.7 v or they 

can tolerate a charging voltage up to about 1.9 V when this 

overvoltage is applied within a predetermined time period. 

The charging of several cells in a series chain is a common 

10 and preferable method, however, if the cells in the chain 

are not uniform, the one that has the smallest ca~acity will 

reach first the fully charged state. If the charging process 

goes on, this cell will be overcharged i.e. the terminal 

voltage increases beyond the above mentioned upper voltage 

15 limit value resulting in oxygen gas development which can be 

detrimental for the cell. 
In U.S. Patent 3,148,322 issued to J. M. Booe et al. in 

1964 the problems of overcharging has been solved by 

providing a shunt element arranged in parallel to each cell 

20 charged in series. This element is substantially nonconduct­

i ve when the terminal voltage produced across the cell 
shunted thereby is below its predetermined maximum value and 

becomes highly conductive when the terminal voltage produced 

across the cell incrementally exceeds that value. The patent 

25 suggests using semiconduc.tor diodes for shunt elements, 

preferably zener diodes or stacks of diodes of different 

types, wherein the sum of the gating voltages of the stacked 

diodes should give the permitted maximum terminal voltage of 

the cell. 
30 tJ.S. patent 4,719,401 issued to Altmejd in 1988 deals in 

detail with the problems of designing such shunt elements. 

When diodes are used to shunt the cells to provide over-
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charge protection, Altmejd has recognized the existence of a 
necessary trade-off between charging current and the. size of 
the diode. For any reasonable charging current the size of 
diode would have to be larg~ enough to di~sipate the entire 

s amount of current ·so·that when a c~ll becomes fully charged, 
the associated diode can conduct the · remainder of the 
current around the fully charged cell. This would necessi­
tate physically large components for any reasonable charging 
rate. The use of more intelligent units to sense the charge 

10 on a·cell and cause to a-witch around the cell a~cording to a 
predetermined algorithm was found too sophisticated and · 
expensive. Altmejd has suggested using specific zener diodes 
as shunt elements, which ·.fuse permanently in a short circuit 
state when a·predete:rmined amount of current is passed 

15 therethrough in forward biasing direction. Such zener diodes 
can be used especially in high temperature batteries, .such 
as sodium sulfur type. 

Rechargeable alkaline ·batteries have become popular in 
the recent years, since such batteries have in many respects 

20 better properties compared to several other types, e.g. they 
have no memory effect and can retain their charges through a 
longer period ·of time. Alkaline batteries are, however, sen­
sitive against overcharging, and they cannot be used without 
some kind of overcharge protection. Owing to differing 

25 voltage parameters, rechargeable alkaline batteries require 
charger devices differing from those designed primarily for 
nickel cadmium or other types of batteries. currently 
available chargers for alkaline batteries have built in 
voltage limitation means that prevent the charging voltage 

30 from· exceeding l. 7-l. 7SV, and batteries are charged indi­
vidually or in parallel . · 

Owing to the fact that such batteries are used in series 
connection or in series sets, their charging in series con­
nection is a well-based requirement. 

35 If such cells are charged in series, the overcharging of 
a member cell in the series chain cannot be prevented by the 

( 
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limitation of the voltage across the end terminals of the 

chain, since when the cell with the lowest capacity reaches 

the fully charged state and the charging process of the 

remaining cells goes on, this particular-:cell will be over-

s charged. 
Zener diodes cannot be used preferably as overcharge 

protection means together with alkaline· cells, since the 

types that have a breakdown voltage in the range of 1. 7-

1. 75V, have a substantial leakage current at the open cir-

10 cuit voltage of 1.45-1.5 V causing thereby a discharge when 

the charging process has been completed. 
To provide respective series chains of forward biased 

diodes with a resulting voltage of 1.7-1.75 V as suggested 

by the cited Booe et .. al. patent to form a shunt path for 

15 each cell is not a practical solution, since at least three 

diodes are required and such diodes will have a non negli­

gible leakage current. 
The object of the invention is to provide an ove~charge 

protection circuit that can be used for rechargeable alka-

20 line batteries when charged in series, which is simple and 

does not influence cell performance when the charging pro­

cess has been completed. 
According to the invention an overcharge protection 

circuit has been provided for rechargeable cells charged in 

25 series and having predetermined maxinmm permitted charging 

voltage and an open circuit voltage, which comprises: 

-diode means coupled across each of the cells to provide 

a shunt path if the voltage across the associated cell 

exceeds the maximum charging voltage; 
30 -a charger circuit coupled to terminals of the series 

chain and applying a charging current of predetermined di­

rection, characterized in that the diode means is a light 

emitting diode with a forward voltage substantially equal to 

the maximum permitted voltage, and the charger circuit 

35 comprises current and/or voltage limiting means limiting the 

current through the series chain of the cells at most to a 
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value that corresponds substantially to the current that 
·flows through the! light endtting diode when the. maximum 
permitted voltage .. is applied thereto, the light emitting 
diode is substantially non-conductive whe~ a voltage corres-

5 ponding to the open circuit voltage is applied in forward 
direction, whereby the light emitting diode constitutes no 
remarkable load for.the '1Ssociated cell when being stored or 
discharged, and fully. shunts the cell after it has . reached 
the fully charged state and provides simultarieously a visual 

10 indication that the associated cell has been charged. 
At a preferable embodiment·. respective ·reverse diodes· are 

coupled to each of the cell to prevent cell reversal during 
excessive load. 

It is preferable if the limiting cir~uit compr~ses a 
15 .series resistor and a voltage stabilizer. In a first embodi­

ment the voltage stabilizer is a zener diode. In an alter­
native embodiment the voltage stabilizer comprises a set of 
diodes connected in series and a forward. bias voltage is 
applied to the set. 

20 The advantages of the invention will be more apparent if 
the cells to be protected are alkaline cells. 

In a preferable embodiment the ·charg.er circuit comprises 
a mains transformer with . a secondary windl:ng . coupled to 
respective sets of series cells each having respective ones 

25 of the limiting circ:Uit, the sets are activated in opposing 
half waves of the voltage; on the secondary windi~g. 

The protection circuit can be arranged in a multiple 
cell package. 

The invention will now be described in connection with 
30 preferable embodiments thereof, in which reference will be 

made to the accompanying drawings. In the drawing: 
FIG. 1 is· the circuit diagram of a first embodiment; 
FIG. 2 sho1rs the current-voltage graph of a LED; Band 
FIG. 3 shows a further embodiment built in.a simple 

35 charger: circuit 
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FIG. 1 shows ~·n cells 1 to 10 const'ihbted by recharge­
able alkaline manganese dioxide-zinc cells of AA size, all 
connected in series to form a chain. The cell protection 
circuit consists of respective reverse diodes RD and light 

5 emitting diodes LED connected to terminals of the associated 
cell. The light emitting diodes LED are red and can be re­
alized e.g. by the commercially available type Liton LTL 
10203. Such a diode starts lighting when the cell voltage is 
higher than about 1.55 V. At 1.7 V it lights with full 

10 intensity and a current of about 70 mA flows therethrough. 
The voltage versus current curve of such a light emitting 
diode is illustrated in Figure 2. When the voltage drops to 
1.5 v, the leakage current is about 1 mA, and if the voltage. 
is lower than 1.45 v, the current drops to the micro ampere 

15 range and constitutes practically no load to the associated 
battery. 

The series chain is charged through a current limiting 
resistor R and a diode D which prevents operation if con­
nected to a direct current source of opposite polarity. A 

20 zener diode Z stabilizes the voltage over the series chain 
· to about 17-18 V. If during the charging process any of the 
cells 1 to 10 gets fully charged, the terminal voltage in­
creases and reaches the value of 1. 7 V. Together with the 
increase of the voltage, the associa~ed light emitting diode 

25 starts lighting, and its current follows the curve of FIG. 
2. The charging current limited to about 70-75 mA by means 
of the resistor R and the zener diode z will flow through 
the light emitting diode LED instead of the associated cell, 
whereby the terminal voltag.e of this cell will be limited to 

30 about 1. 7V. The light of the diode indicates that the 
associated cell has been fully charged. As the charging 
process goes on, the other cells in the chain will be fully 
charged· and the associated .light emitting diodes LED will 
all be lighting, thus visually indicating that the charging 

35 process has been completed. 
FIG. 3 shows a simple charger circuit capable of charg-
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ing four alkaline cells wh~ch uses the.overcharge protection 

circuit accordixig to the invention.>:'!11e charger. circuit 

comprises four identical sub-units with respective batteries 

Bl to B4 arranged in two pair$~ Th~ batteries in each pair 
. . > 

· 5 are connected in series, and the pairs ~re coupled through 

respective current limiting resistors Rl. resp. R2 with op­

posing polarity to secondary winding of a -mains transformer 

Tl. In each sub-unit respective voltage l_imiting circuits 

are arranged, each comprising three series diodes connected . 

10 via a fourth diode to the terminals of the associated bat­

tery. Light emitting diodes Dl7 to D20 that provide over­

charge protection are connected directly across the termi­

nals of the associated batteries .. The four diodes in each 

sub-unit constitute part of. a half-wave rectifier and of a 

15 voltage limiter circuit. The four .. diodes are identical, 

preferably of the type 1N40001. When a forward voltage of 

about .80 vis applied to such a·diode, the current will be 

about 120 mA, while at a voltage of. about .85 _v the 

associated current is about 400 mA. The voltage across the 

20 series triplets of diodes will·be close to 2.4 V during the 

peak period of the proper half wave of the mains voltage 

that causes forward bias to the diodes, and the diodes act 

as a simple voltage stabilizer. The fourth diode that 

connects the triplets to the batteries prevents the flow of 

25 current if the mains voltage takes the opposite polarity. 

The forward voltage of this rectifier diode is deducted from 

the 2.4 V measurable across the triplet· of diodes, thus the 

associated battery will receive a vo1·tage of about l.6-l.7V. 

As the charging process goes on, the voltage across the bat-

30 · tery increases, and by the time the battery gets fully 

charged, the current will flow through the light emitting 

diode in the shunt path and this diode will be lighting. 

Due to the steep voltage;..current curve of the LEDs, the 

battery will be prevented from being overcharged. 

35 Each pair operates in every other half-wave of the mains 

voltage, so that ·each wave is utilized. 

•. 
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1. overcharge protection circuit for rechargeable cells , 
charged in series and having predetermined maximum permitted 

charging voltage and an open circuit·voltage, comprising: 

-diode means coupled across each of said cells to 

s provide a shunt path if the voltage across the associated 

cell exceeds said maxi11U1m charging voltage; 
-a charger circuit coupled to terminals of the . series 

chain and applying a charging current of predetermined di­

rection, characterized in that said diode means is a light 

10 emitting diode with a forward voltage substantially equal to 

said maximum peimitted voltage and said . charger circuit 

. comprises current and/or voltage limiting means limiting the 

current through the series chain of said cells at most to a 

value that corresponds substantially to the current that 

15 flows through said light emitting diode when said maximum 

permitted voltage being applied thereto, said light emitting 

diode being substantially non-conductive when- a voltage 

corresponding to said open circuit voltage is applied in 

forward direction, whereby said light emitting diode 

20 constitutes no remarkable load for the associated cell when 

being stored or discharged, and fully shunts said cell after 

the cell has reached the fully charged state and providing 

simultaneously a·visual indication that the associated cell 

has been charged. 
25 

2. The overcharge protection circuit as claimed in claim 

1, wherein respective reverse diodes are coupled to each of 

said cell to prevent cell reversal. 

30 3. The overcharge protection circuit as claimed in claim 

1, wherein said limiting circuit comprises a series resistor 

and a voltage stabilizer. 
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4. The overcharge protection circuit as claimed in claim 
1, wherein said voltage stal:)ilizer is a zener diode .. 

5. The overcharge protection circuit as claimed in claim 
! . 

s 3, wherein said voltage stabilizer comprises a set·of diodes 
connected in s·eries and a forward bias voltage is applied to 
the set. 

6. The overcharge protection circuit as .claimed in claim 
10 1, wherein said cells are alkaline cells. 

7. The overcharge protection circuit as claimed in claim 
3, wherein said charger circuit comprises a mains transfor­
mer with a secondary winding coupled to respective _sets of 

15 series cells· each having respective ones of said limiting 
circuit, said sets being activated in opposing half waves of 
the voltage on said secondary winding. 

8. The overcharge protection circuit as claimed in claim 
20 1, characterized by being arranged in a multiple cell 

package. 

· I lllll~/ 1111~ ll(U J/IJl JI /11/ . 
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limitation of the voltage across the end terminals of the chain, since when the cell with 

the lowest capacity reaches the fully charged state and the charging process of the 

remaining cells goes on, this particular cell will be over charged. 

Zener diodes cannot be used preferably as overcharge protection means together 

5 with alkaline cells, since the types that have a breakdown voltage in the range of 1. 7-

l. 75V, have a substantial leakage current at the open cir_cuit voltage of 1.45-1.5 V 

causing thereby a discharge when the charging process has been completed. 

To provide respective series chains of forward biased diodes with a resulting 

voltage of 1. 7-1. 75 V as suggested by the cited Booe et. al. patent to form a shunt path 

10 for each cell is not a practical solution, since at least three diodes are required and 

:> ( such diodes will have a non negligible leakage current. 

In JP-A-61 206179 the stabilization of the charging characteristics of each battery in a 

series chain has been suggested by means of parallel zener or light emitting diodes as shunt 

elements. The reference does not deal with the appropriate dimensioning of these elements. 

15 In several applications cell protection circuits are permanently connected to the 

batteries not only during the time of the charging process. In such applications only 

elements can be connected to the batteries that do not represent a load, otherwise the 

batteries could get discharged soon even without load. 

The object of the invention. is to provide an overcharge protection circuit that can 

20 be used for rechargeable alkaline batteries when charged in series, which is simple and 

r does not influence cell performance when the charging process has been completed. 
\ 

According to the invention an overcharge protection circuit has been provided for 

rechargeable cells charged in series and having predetermined maximum permitted 

charging voltage and an open circuit voltage, which comprises: 

25 -diode means coupled across each of the cells to provide a shunt path if the 

voltage across the associated cell exceeds the maximum charging voltage; 

-a charger circuit coupled to terminals of the series chain and applying a 

pulsating charging current of predetermined direction, characterized in that the diode 

means is a light emitting diode with a forwa(q, fvo~tage substantially equal to the 

30 maximum permitted voltage, and the charger circuit"comprises current and/or voltage 

. limiting means limitin-& the current through the series chain of the cells at most to a 
•, .--~ ,. 
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I. Overcharge protection circuit for rechargeable cells (I to 10; Bl to 84) 

5 charged in series and having predetermined maximum permitted charging voltage and 

an open circuit voltage, comprising: 

-diode means (LED, D17 to D20) coupled across each of said cells (1 to 10; Bl 

to B4) to provide a shunt path if the voltage across the associated cell exceeds said 

maximum charging voltage; 

I 0 -a charger circuit coupled to terminals of the sen es chain and applying a 

pulsating charging current of predetermined direction, characterized in that said diode 

means is a light emitting diode (LED, DI 7 to D20) with a forward voltage 

substantially equal to said maximum permitted voltage and said charger circuit 

comprises current and/or voltage limiting means (R,Z; RI, D2 to D7; R2, DIO to D15) 

15 limiting the current through the series chain of said cells (I to 1 O; B 1 to B4) at most to 

a value that corresponds substantially to the current that flows through said light 

emitting diode (LED; D 17 to D20) when said maximum permitted voltage being 

applied thereto, said light emitting diode (LED; D 17 to D20) being substantially non­

conductive when a voltage corresponding to said open circuit voltage is applied in 

20 forward direction, whereby said .light emitting diode (LED; D 17 to D20) constitutes no 

remarkable load for the associated cell when being stored or discharged, and fully 

shunts said cell after the cell has reached the fully charged state and providing 

simultaneously a visual indication that the associated cell has been charged. 

2. The overcharge protection circuit as claimed in claim I, wherein respective 

25 reverse diodes (RD) are coupled to each of said cells (I to 10; Bl to B4) to prevent 

cell reversal. 

3. The overcharge protection circuit as claimed in claim 1, wherein said limiting 

circuit comprises a series resistor (R) and a voltage stabilizer (Z). 

4. The overcharge protection circuit as claim d in claim 1, wherein said voltage ---30 stabilizer is a zener diode (Z). ~. =- ....., 

Th~i111111i111il1r 1. 
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5. The overcharge protection circuit as claimed in claim 3, wherein said voltage 

stabilizer comprises a set df diodes (D2 to D4; DS to D7; DIO to Dl2; Dl3 to Dl5) 

connected in series and a forward bias voltage is applied to the set. 

6. The overcharge protection circuit as claimed in claim 5, wherein said charger 

5 circuit comprises a mains transformer (Tl) with a secondary winding (S2, F2) coupled 

to respective sets of series cells (Bl,B2 and B3,B4) each having respective ones of 

said limiting circuit, said sets being activated in opposing half waves of the voltage on 

said secondary winding (S2, F2). 

7. The overcharge protection circuit as claimed in any of claims 1 to 6, wherein 

10 said cells are alkaline cells. 

8. The overcharge protection circuit as claimed in any of claims I to 7, 

characterized by being arranged in a multiple cell package. 
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1. Overcharge protection circuit for rechargeable cells ( 1 to IO; B 1 to B4) 

5 charged in series and having predetermined maximum permitted charging voltage and 

an open circuit voltage, comprising: 

-diode means (LED, D 17 to D20) coupled across each of said cells ( 1 to 1 O; B 1 

to B4) to provide a shunt path if the voltage across the associated cell exceeds said 

maximum charging voltage; 

10 -a charger circuit coupled to terminals of the sen es chain and applying a 

pulsating charging current of predetermined direction, characterized in that said diode 

means is a light emitting diode (LED, D 17 to D20) with a forward voltage 

substantially equal to said maximum permitted voltage and said charger circuit 

comprises current and/or voltage limiting means (R,Z; RI, D2 to D7; R2, DIO to D15) 

15 comprising semiconductor means (Z; D2 to D7; DlO to 15) limiting the current 

through the series chain of said cells (1 to 1 O; BI to B4) at most to a value that 

corresponds substantially to the current that flows through said light emitting diode 

(LED; D 17 to D20) when said maximum permitted voltage being applied thereto, said 

light emitting diode (LED; D 17 to D20) being substantially non-conductive when a 

20 voltage corresponding to said open circuit voltage is applied in forward direction, 

whereby said light emitting diode (LED; D 17 to D20) constitutes no remarkable load 

for the associated cell when being stored or discharged, and fully shunts said cell after 

the cell has reached the fully charged state and providing simultaneously a visual 

indication that the associated cell has been charged. 

25 2. The overcharge protection circuit as claimed in claim 1, wherein respective 

30 

reverse diodes (RD) are coupled to each of said cells (1 to 10; Bl to B4) to prevent 

cell reversal. 

3. The overcharge protection circuit as claimed in claim I, wherein said limiting 

circuit comprises a series resistor (R) and a voltage stabilizer (Z). 

4. The overcharge protection circuit as claimed in claim I, wherein said voltage 

stabilizer is a zener diode (Z). 

,- -------. 
REPLACEMENT SHEET ' 

~I 
.. ~EP_199~ I 



'·-r 

:) 

! .;• 

~ 1 .. 

( 
• •• t 

( 

-3-

5. The overcharge protection circuit as claimed in claim 3, wherein said voltage 

stabilizer comprises a set of diodes (D2 to D4; D5 to D7; DIO to Dl2; Dl3 to DI5) 

connected in series and a forward bias voltage is applied to the set. 

6. The overcharge protection circuit as claimed in claim 5, wherein said charger 

5 circuit comprises a mains transfonner (Tl) with a secondary winding (S2, F2) coupled 

to respective sets of series cells (B l,B2 and B3,B4) each having respective ones of 

said limiting circuit, said sets being activated in opposing half waves of the voltage on 

said secondary winding (S2, F2). 

7. The overcharge protection circuit as claimed in any of claims 1 to 6, wherein 

10 said cells are alkaline cells. 

8. The overcharge protection circuit as claimed in any of claims 1 to 7, 

characterized by being arranged in a multiple cell package. 
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1. Overcharge protection circuit for rechargeable cells (1 to 10; Bl to B4) 

charged in series and having predetemrined maximum permitted charging voltage and 

5 an open circuit voltage, comprising: 

-diode means (LED, Dl7 to D20) coupled across each of said cells (I to 10; Bl 

to B4) to provide a shunt path if the voltage across the associated cell exceeds said 

maximum charging voltage; 

-a charger circuit coupled to terminals of the series chain and applying a charging 

I 0 current of predetermined direction consisting of rectified pulses of an alternating line 

voltage, characterized in that said diode means is a light emitting diode (LED, D17 to 

D20) with a forward voltage substantially equal to said maximum permitted voltage 

and said charger circuit comprises voltage limiting means (R,Z; RI, D2 to D7; R2, 

DIO to Dl5) comprising semiconductor means (Z; D2 to D7; DlO to 15) limiting the 

15 current through the series chain of said cells (1 to 10; Bl to B4) at most to a value that 

corresponds substantially to the current that flows through said light emitting diode 

(LED; Dl7 to D20) when said maximum permitted voltage being applied thereto, said 

light emitting diode (LED; D 17 to D20) being substantially non-conductive when a 

voltage corresponding to said open circuit voltage is applied in forward direction, 

20 whereby said light emitting diode (LED; D 17 to 020) constitutes no remarkable load 

for the associated cell when being stored or discharged, and fully shunts said cell after 

the cell has reached the fully charged state and providing simultaneously a visual 

indication that the associated cell has been charged. 

2. The overcharge protection circuit as claimed in claim 1, wherein respective 

25 reverse diodes (RD) are coupled to each of said cells (1 to 10; Bl to B4) to prevent 

cell reversal. 

3. The overcharge protection circuit as claimed in claim 1, wherein said limiting 

circuit comprises a series resistor (R) and a voltage stabilizer (Z). 

4. The overcharge protection circuit as claimed in claim 1, wherein said voltage 

30 stabilizer is a zener diode (Z). 
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5. The overcharge protection circuit as claimed ill claim 3, wherein said voltage 

stabilizer comprises a set of diodes (D2 to D4; D5 to D7; DlO to D12; D13 to D15) 

connected in series and a forward bias voltage is appiied to the set. 

6. The overcharge protection circuit as claimed in claim 5, wherein said charger 

35 circuit comprises a mains transformer (Tl) with a secondary winding (S2, F2) coupled 

to respective sets of series cells (B 1,B2 and B3,B4) each having respective ones of 

said limiting circuit, said sets being activated in opposing half waves of the voltage on 

said secondary winding (S2, F2). 

7. The overcharge protection circuit as claimed in any of claims 1 to 6, wherein 

40 said cells are alkaline cells. 

8. The overcharge protection circuit as claimed in any of claims 1 to 7, 

characterized by being arranged in a multiple cell package. 
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charging cunent of predetermined diJec:tion, whemin the diode means is a light 
emitting diode (LED) with a forward voltage substantially equal to the maximum 
pennitted voltage and the charger circuit comprises c:unent and/or voltage limiting 
means (R) limiting the c:unent through the series chain of the cclls at most to a value 
that C01TeSpODds substan~ to the c:unent that flows through the light emitting 
diode when the maximum pennitted voltage being applied the!eto, the light emitting 
diode (LED) is subslantially non-conductive when a voltage comsponding to the. 
open circuit voltap is applied in forward dilection, whemby the light emitting 
diode constitutes no mnarkable load for the assoc:iated c:ell when being stoJed or 
discharged, and fully· shunts the c:ell after the c:ell has "'8Ched the fully charged 
state and providing simultaneously a visual indication that the associated c:ell has 
been charged. 
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