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CLAIMS 

1. A battery system, comprising: 

a plurality of battery banks electrically coupled in series, at least two battery banks of 

the plurality of battery banks configured to different capacities from each other; 

a plurality of taps, each tap coupled to one or more corresponding battery banks of 

the at least two battery banks; and 

an electronic circuit coupled to the plurality of taps, the electronic circuit configured to 

balance states of charge among the at least two battery banks by moving charge 

among the at least two battery banks by controlling one or more converters;  

wherein each of the at least two battery banks is coupled to a protection circuit 

through its corresponding tap, the protection circuit configured to selectably 

conduct and block charging and discharging current of the corresponding battery 

bank, 

wherein the one or more converters comprise a first inductor and a first switching leg, 

wherein the first switching leg comprises two or more serially-coupled switches, the 

first switching leg coupled between a first tap of the plurality of taps and a ground 

node, 

wherein the first inductor comprises a first terminal and a second terminal, the first 

terminal of the first inductor coupled to a node between the two or more serially-

coupled switches of the first switching leg, the second terminal of the first 

inductor coupled to a second tap of the plurality of taps, and 

 wherein the first inductor and the first switching leg are configured to selectably 

step down a first voltage of the first tap to a second voltage of the second tap, 

and step up the second voltage of the second tap to the first voltage of the first 

tap.  

2. The battery system of claim 1,  

wherein the one or more converters further comprises a second inductor and a 

second switching leg, 

wherein the second switching leg comprises two or more serially-coupled switches, 

the second switching leg coupled between the second tap of the plurality of taps 

and a ground node, 
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wherein the second inductor comprises a first terminal and a second terminal, the first 

terminal of the second inductor coupled to the node between the two or more 

serially-coupled switches of the second switching leg, the second terminal of the 

second inductor coupled to a third tap of the plurality of taps, and 

wherein the second inductor and the second switching leg are configured to selectably 

step down the second voltage of the second tap to a third voltage of the third tap, 

and step up the third voltage of the third tap to the second voltage of the second 

tap. 

3. A battery system, comprising: 

a plurality of battery banks electrically coupled in series, at least two battery banks of 

the plurality of battery banks having different capacities from each other; 

a plurality of taps, each tap coupled to one or more corresponding battery banks of 

the at least two battery banks; and 

an electronic circuit coupled to the plurality of taps, the electronic circuit configured to 

balance states of charge among the at least two battery banks by moving charge 

among the at least two battery banks by controlling one or more converters;  

wherein each of the at least two battery banks is coupled to a protection circuit  

through its corresponding tap, the protection circuit configured to selectably 

conduct and block charging and discharging current of the corresponding battery 

bank, 

wherein the one or more converters comprise a first inductor, a first switching leg, a 

third switch and a fourth switch, 

wherein the first switching leg comprises two or more serially-coupled switches, the 

first switching leg coupled between a first tap of the plurality of taps and a ground 

node, 

wherein the first inductor comprises a first terminal and a second terminal, the first 

terminal of the first inductor coupled to a node between the two or more serially-

coupled switches of the first switching leg, the second terminal of the first 

inductor coupled to a second tap of the plurality of taps via the third switch, the 

second terminal of the first inductor coupled  

to a third tap of the plurality of taps via the fourth switch, 

wherein the first inductor, the first switching leg and the third switch are configured to 

selectably step down the first voltage of the first tap to the second voltage of the 
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second tap, and step up the second voltage of the second tap to the first voltage 

of the first tap, and 

wherein the first inductor, the first switching leg and the fourth switch are configured to 

selectably step down the first voltage of the first tap to a third voltage of a third 

tap, and step up the third voltage of the third tap to the first voltage of the first 

tap. 

4. The battery system of claim 1 or claim 3, wherein at least one of the plurality of battery banks 

comprises one or more battery cells.  

5. The battery system of claim 4, wherein when the at least one of the plurality of battery banks 

comprises two or more battery cells, the two or more battery cells are coupled in  

parallel.  

6. The battery system of claim 1 or claim 3, further comprising a battery management unit 

configured to: 

monitor information representative of at least one of a voltage, a current, a 

temperature, and a state of charge for at least one of the at least two battery 

banks; and 

generate a first set of control signals to drive the one or more converters based on the 

monitored information.    

7. The battery system of claim 6, wherein the battery management unit is configured to: 

 generate the first set of control signals to drive the one or more converters to 

regulate voltages of the at least two battery banks by using a high-speed control 

loop, and 

adjust the first set of control signals to balance states of charge among the at least 

two battery banks by using a low-speed control loop. 

8. A method for balancing states of charge for a battery system, the battery system comprising the 

plurality of battery banks and a plurality of taps, at least two battery banks of the plurality of 

battery banks having different capacities from each other, the method comprising: 

balancing the states of charge among the at least two battery banks by moving 

charges among the at least two battery banks by controlling one or more 
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converters, wherein each of the plurality of taps is coupled to one or more 

corresponding battery banks of the at least two battery banks; and  

providing a protection circuit for each of the at least two battery banks through its 

corresponding tap, the protection circuit configured to selectably conduct and 

block charging and discharging current of the corresponding battery bank, 

wherein the one or more converters comprise a first inductor and a first switching leg,  

wherein the first switching leg comprises two or more serially-coupled switches, the 

first switching leg coupled between a first tap of the plurality of taps and a ground 

node, 

wherein the first inductor comprises a first terminal and a second terminal, the first 

terminal of the first inductor coupled to a node between the two or more serially-

coupled switches of the first switching leg, the second terminal of the first 

inductor coupled to a second tap of the plurality of taps,  

and wherein the first inductor and the first switching leg are configured to selectably 

step down a first voltage of the first tap to a second voltage of the second tap, 

and step up the second voltage of the second tap to the first voltage of the first 

tap. 

9. The method of claim 8,  

wherein the one or more converters further comprises a second inductor and a 

second switching leg, 

wherein the second switching leg comprises two or more serially-coupled switches, 

the second switching leg coupled between the second tap of the plurality of taps 

and a ground node, 

wherein the second inductor comprises a first terminal and a second terminal, the first 

terminal of the second inductor coupled to the node between the two or more 

serially-coupled switches of the second switching leg, the second terminal of the 

second inductor coupled to a third tap of the plurality of taps, and 

wherein the second inductor and the second switching leg are configured to selectably 

step down the second voltage of the second tap to a third voltage of the third tap, 

and step up the third voltage of the third tap to the second voltage of the second 

tap. 
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10. A method for balancing states of charge for a battery system, the battery system comprising the 

plurality of battery banks and a plurality of taps, at least two battery banks of the plurality of 

battery banks having different capacities from each other, the method comprising: 

balancing the states of charge among the at least two battery banks by moving 

charges among the at least two battery banks by controlling one or more 

converters, wherein each of the plurality of taps is coupled to one or more 

corresponding battery banks of the at least two battery banks; and  

providing a protection circuit for each of the at least two battery banks through its 

corresponding tap, the protection circuit configured to selectably conduct and 

block charging and discharging current of the corresponding battery bank, 

wherein the one or more converters comprises a first inductor, a first switching leg, a 

third switch and a fourth switch, 

wherein the first switching leg comprises two or more serially-coupled switches, the 

first switching leg coupled between a first tap of the plurality of taps and a ground 

node, 

wherein the first inductor comprises a first terminal and a second terminal, the first 

terminal of the first inductor coupled to a node between the two or more serially-

coupled switches of the first switching leg, the second terminal of the first 

inductor coupled to a second tap of the plurality of taps through the third switch, 

the second terminal of the first inductor coupled to a third tap of the plurality of 

taps through the fourth switch, 

wherein the first inductor, the first switching leg and the third switch are configured to 

selectably step down the first voltage of the first tap to the  

second voltage of the second tap, and step up the second voltage of the  

second tap to the first voltage of the first tap, and 

wherein the first inductor, the first switching leg and the fourth switch are  

configured to selectably step down the first voltage of the first tap to a third 

voltage of a third tap, and step up the third voltage of the third tap to the first 

voltage of the first tap. 

11. The method of claim 8 or claim 10, wherein at least one of the plurality of battery banks 

comprises one or more battery cells.  

12. The method of claim 11, wherein when the at least one of the plurality of battery banks comprises 

two or more battery cells, the two or more battery cells are coupled in parallel.  
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13.  The method of claim 8 or claim 10, further comprising using a battery management unit to: 

monitor information representative at least one of a voltage, a current, a temperature, 

and a state of charge for at least one battery cell bank of battery banks; and 

generate a first set of control signals to drive the one or more converters based on the 

monitored information.    

14. The method of claim 13, wherein the battery management unit is configured to: 

 generate the first set of control signals to drive the one or more converters to 

regulate voltages of the at least two battery banks by using a high-speed control 

loop, and 

adjust the first set of control signals to balance states of charge among the at least 

two battery banks by using a low-speed control loop.  

15. A method of operating a battery system, the battery system comprising a plurality of battery 

banks and a plurality of taps, at least two battery banks of the plurality of battery banks having 

different capacities from each other, the method comprising: 

adjusting the states of charge among the at least two battery banks by 

transferring charges among the at least two battery banks by controlling one or more 

converters, wherein each of the plurality of taps is coupled to one or more 

corresponding battery banks of the at least two battery banks; and  

providing a protection circuit for each of the at least two battery banks through its 

corresponding tap, the protection circuit configured to selectably conduct and 

block charging and discharging current of the corresponding battery bank, 

wherein the one or more converters comprise a first inductor and a first switching leg,  

wherein the first switching leg comprises two or more serially-coupled switches, the 

first switching leg coupled between a first tap of the plurality of taps and a ground 

node, 

wherein the first inductor comprises a first terminal and a second terminal, the first 

terminal of the first inductor coupled to a node between the two or more serially-

coupled switches of the first switching leg, the second terminal of the first 

inductor coupled to a second tap of the plurality of taps,  

and wherein the first inductor and the first switching leg are configured to selectably 

step down a first voltage of the first tap to a second voltage of the second tap, 
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and step up the second voltage of the second tap to the first voltage of the first 

tap. 

16. A method of operating a battery system, the battery system comprising the plurality of battery 

banks and a plurality of taps, at least two battery banks of the plurality of battery banks having 

different capacities from each other, the method comprising: 

adjusting the states of charge among the at least two battery banks by 

transferring charges among the at least two battery banks by controlling one or more 

converters, wherein each of the plurality of taps is coupled to one or more 

corresponding battery banks of the at least two battery banks; and  

providing a protection circuit for each of the at least two battery banks through its 

corresponding tap, the protection circuit configured to selectably conduct and 

block charging and discharging current of the corresponding battery bank., 

wherein the one or more converters comprise a first inductor and a first switching leg, 

wherein the one or more converters comprises a first inductor, a first switching 

leg, a third switch and a fourth switch, 

wherein the first switching leg comprises two or more serially-coupled switches, the 

first switching leg coupled between a first tap of the plurality of taps and a ground 

node, 

wherein the first inductor comprises a first terminal and a second terminal, the first 

terminal of the first inductor coupled to a node between the two or more serially-

coupled switches of the first switching leg, the second terminal of the first 

inductor coupled to a second tap of the plurality of taps through the third switch, 

the second terminal of the first inductor coupled to a third tap of the plurality of 

taps through the fourth switch, 

wherein the first inductor, the first switching leg and the third switch are configured to 

selectably step down the first voltage of the first tap to the  

second voltage of the second tap, and step up the second voltage of the  

second tap to the first voltage of the first tap, and 

wherein the first inductor, the first switching leg and the fourth switch are configured to 

selectably step down the first voltage of the first tap to a third voltage of a third 

tap, and step up the third voltage of the third tap to the first voltage of the first 

tap. 
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17. The method of claim 15 or 16, wherein at least one of the plurality of battery banks comprises one 

or more battery cells, and 

wherein when the at least one of the plurality of battery banks comprises two or more 

battery cells, the two or more battery cells are coupled in parallel. 

 


