


















































































































1

CLAIMS

1. A module controller comprising part of a battery module, the module controller comprising:

(a) a downstream electro-optical transmitter for receiving a transmitted electrical signal 

and configured to convert the transmitted electrical signal into a transmitted optical 

signal, the transmitted optical signal comprising optical message data; 

(b) signal generation circuitry communicatively coupled to the downstream electro-

optical transmitter and configured to generate the transmitted electrical signal, the 

transmitted electrical signal comprising electrical message data;

(c) signal processing circuitry configured to process a received electrical signal; 

(d) a downstream electro-optical receiver for receiving a received optical signal from a 

pack controller and configured to convert the received optical signal into a received 

electrical signal for processing by the signal processing circuitry;

(e) a module controller processor communicatively coupled to the downstream electro-

optical receiver and transmitter;

(f) a module controller memory communicatively coupled to the processor, the memory 

having stored thereon computer program code executable by the processor to cause 

the processor to process the received electrical signal and to generate the transmitted 

electrical signal; and

(g) an upstream electro-optical transceiver communicatively coupled to the processor for 

receiving the optical message data from and transmitting the optical message data to 

an upstream module controller, 

wherein the upstream electro-optical transceiver is configured to convert between the optical 

message data and the electrical message data, and
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wherein the computer program code further causes the processor to receive and transmit the 

optical message data from and to the upstream module controller by receiving and transmitting the 

electrical message data from and to the upstream electro-optical transceiver, respectively.

2. The module controller of claim 1 wherein the transmitted optical signal comprises message 

data indicative of a state of the battery module, and the received optical signal comprises message 

data requesting the state of the battery module.

3. The module controller of claim 1 wherein the transmitted optical signal comprises message 

data indicative of a state of the battery module, and the module controller transmits the message 

data absent a request from the pack controller to do so.

4. The module controller of claim 1 wherein the computer program code further causes the 

processor to communicate using half-duplex communication.

5. The module controller of claim 1 wherein the computer program code further causes the 

processor to communicate using full-duplex communication.

6. The module controller of claim 1 wherein the downstream electro-optical receiver comprises 

part of a first communication channel and the downstream electro-optical transmitter comprises part 

of a second communication channel.

7. The module controller of claim 1 wherein the downstream electro-optical transmitter and 

receiver comprise part of a single communication channel.
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8. The module controller of claim 1 wherein the computer program code further causes the 

processor to relay the optical message data received from the upstream module controller at the 

upstream electro-optical transceiver to the downstream electro-optical transmitter for transmission 

to the pack controller.

9. The module controller of claim 1 wherein:

(a) the received signal comprises an optical safety signal from the pack controller and 

the downstream electro-optical receiver is configured to convert the optical safety 

signal into an electrical safety signal; 

(b) the transmitted optical signal comprises an optical safety fault signal and the 

downstream electro-optical transmitter is configured to convert an electrical safety 

fault signal into the optical safety fault signal; and

(c) the signal generation circuitry and signal processing circuitry comprise:

(i) safety fault detection circuitry configured to generate a fault detection 

signal in response to detecting a safety fault on the battery module; and

(ii) safety override circuitry communicatively coupled to the downstream electro-

optical receiver, downstream electro-optical transmitter, and safety fault 

detection circuitry, wherein the safety override circuitry is configured to 

transmit the electrical safety fault signal to the downstream electro-optical 

transmitter in response to the fault detection signal.

10. The module controller of claim 9 wherein the fault detection signal and the electrical safety 

fault signal are identical. 
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11. The module controller of claim 9 wherein the optical safety fault signal is sent to a watchdog 

timer on the pack controller and comprises a constant signal that is held constant for longer than a 

timeout period of the watchdog timer.

12. The module controller of claim 9 wherein the safety fault detection circuitry comprises:

(a) a first interlock contact to which a power connector is connectable, wherein the 

power connector is also connected to a pair of battery contacts electrically 

coupled to a battery cell comprising part of the battery module when connected to 

the first interlock contact and is unconnected to the pair of battery contacts when 

unconnected to the first interlock contact; and 

(b) an interlock signal line communicatively coupled to the first interlock contact, 

wherein the fault detection signal is transmitted along the interlock signal line when 

the power connector is unconnected and is otherwise not transmitted along the 

interlock signal line.

13. The module controller of claim 12 further comprising a second interlock contact to which 

the first interlock contact is electrically coupled when the power connector is connected and is 

electrically uncoupled when the power connector is unconnected, wherein the interlock signal line is 

pulled-up or pulled-down to the fault detection signal when the power connector is unconnected and 

is shorted to the second interlock contact that outputs a signal different from the fault detection 

signal when the power connector is connected.

14. The module controller of claim 12 wherein the safety fault detection circuitry further 

comprises at least one of a voltmeter electrically coupled across the battery cell and a thermistor 
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positioned to measure a temperature of the battery cell, wherein the fault detection signal is 

generated in response to one or more of an overvoltage condition, undervoltage condition, 

overtemperature condition, loss of communication with another module controller, loss of 

communication with the pack controller, and failure of the module controller processor.

15. The module controller of claim 9 wherein the downstream electro-optical transmitter is 

configured to convert an electrical resume signal into an optical resume signal for transmitting to the 

pack controller, the safety fault detection circuitry is further configured to cease generating the fault 

detection signal once the safety fault ceases, and the safety override circuitry is further configured to 

transmit the electrical resume signal to the downstream electro-optical transmitter once the fault 

detection signal ceases.

16. The module controller of claim 15 wherein the optical safety signal and the optical resume 

signal are identical.

17. The module controller of claim 15 further comprising a second downstream electro-optical 

transceiver for receiving optical message data from and transmitting the optical message data to the 

pack controller, wherein the second downstream electro-optical transceiver is configured to convert 

between the optical message data and electrical message data, and wherein the signal generation 

circuitry and signal processing circuitry further comprise:

(a) the module controller processor communicatively coupled to the second downstream 

electro-optical transceiver and to the downstream electro-optical receiver; and

(b) the module controller memory communicatively coupled to the module controller 

processor, the module controller memory having stored thereon computer program 
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code executable by the module controller processor to cause the module controller 

processor to use, when the battery module is experiencing the safety fault, the second 

downstream electro-optical transceiver to receive and transmit the optical message 

data from and to the pack controller by receiving and transmitting the electrical 

message data from and to the second downstream electro-optical transceiver, 

respectively.

18. A module controller comprising part of a battery module, the module controller comprising:

(A) a first electro-optical transmitter for receiving a transmitted electrical signal and 

configured to convert the transmitted electrical signal into a transmitted optical 

signal; 

(B) signal generation circuitry communicatively coupled to the first electro-optical 

transmitter and configured to generate the transmitted electrical signal;

(C) signal processing circuitry configured to process a received electrical signal; and 

(D) a first electro-optical receiver for receiving a received optical signal from a pack 

controller and configured to convert the received optical signal into a received 

electrical signal for processing by the signal processing circuitry,

wherein:

(a) the received signal comprises an optical safety signal from the pack controller and 

the first electro-optical receiver is configured to convert the optical safety signal into 

an electrical safety signal; 

(b) the transmitted signal comprises an optical safety fault signal and the first electro-

optical transmitter is configured to convert an electrical safety fault signal into the 

optical safety fault signal; and
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(c) the signal generation circuitry and signal processing circuitry comprise:

(i) safety fault detection circuitry configured to generate a fault detection 

signal in response to detecting a safety fault on the battery module; and

(ii) safety override circuitry communicatively coupled to the first electro-optical 

receiver, first electro-optical transmitter, and safety fault detection circuitry, 

wherein the safety override circuitry is configured to transmit the electrical 

safety fault signal to the first electro-optical transmitter in response to the 

fault detection signal, and

wherein the safety fault detection circuitry comprises:

(a) a first interlock contact to which a power connector is connectable, wherein the 

power connector is also connected to a pair of battery contacts electrically 

coupled to a battery cell comprising part of the battery module when connected to 

the first interlock contact and is unconnected to the pair of battery contacts when 

unconnected to the first interlock contact; and 

(b) an interlock signal line communicatively coupled to the first interlock contact, 

wherein the fault detection signal is transmitted along the interlock signal line when 

the power connector is unconnected and is otherwise not transmitted along the 

interlock signal line.
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