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(57) Abstract: Technologies for communicating information from an inverter configured for the conversion of direct current (DC) 
O power generated from an alternative source to alternating current (AC) power are disclosed. The technologies include determining 

information to be transmitted from the inverter over a power line cable connected to the inverter and controlling the operation of an 
output converter of the inverter as a function of the information to be transmitted to cause the output converter to generate an output 
waveform having the information modulated thereon.
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INVERTER COMMUNICATIONS USING OUTPUT SIGNAL 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application claims priority under 35 U.S.C. § 119(e) to U.S.  

Provisional Application Serial No. 61/801,835, entitled "INVERTER COMMUNICATIONS 

USING OUTPUT SIGNAL" which was filed on March 15, 2013, and U.S. Patent Application 

Serial No. 13/871,169, entitled "INVERTER COMMUNICATIONS USING OUTPUT 

SIGNAL" which was filed on April 26, 2013, the entirety of both of which are incorporated 

herein by reference.  

BACKGROUND 

[0002] Power inverters convert a DC power to an AC power. For example, some power 

inverters are configured to convert the DC power to an AC power suitable for supplying energy 

to an AC grid and, in some cases, an AC load coupled to the AC grid. One particular 

application for such power inverters is the conversion of DC power generated by an alternative 

energy source, such as photovoltaic cells ("PV cells" or "solar cells"), fuel cells, DC wind 

turbine, DC water turbine, and other DC power sources, to a single-phase AC power for 

delivery to the AC grid at the grid frequency.  

[0003] In an effort to increase the amount of AC power generated, a large number of 

power inverters may be used in a particular application. In some implementations, each power 

inverter is incorporated or otherwise associated with an alternative energy source to form an 

alternative energy source module. Such modules are typically located in remote or otherwise 

difficult to reach location (e.g., a solar cell panel located on a roof). As such, communicating 

with and/or controlling the inverters may be accomplished remotely.  

[0004] Power line carrier communication is one type of technique typically used to 

facilitate communications with individual inverters. In power line carrier communication 

techniques, the output power line cables connected to each inverter are used as the physical 

communication substrate. As such, a separate communication substrate or interconnect is not 

required. However, power line carrier communication can significantly increase the cost of the 

inverter and be difficult to integrate with other components of the inverter. Additionally, power 

line carrier communication can be sensitive to power line noise and line impedance. Further, 

transferring large amounts of data to the inverters, such as a firmware update, using power line 

carrier communication can be difficult and time consuming.  
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OBJECT OF THE INVENTION 

[0004a] It is an object of the present invention to overcome or at least ameliorate one or more of 

the foregoing disadvantages.  

SUMMARY 

[0005] In a first aspect, the present invention provides a method for communicating information 

from a plurality of inverters configured for the conversion of direct current (DC) power 

generated from alternative sources to alternating current (AC) power, wherein each inverter of 

the plurality of inverters includes (i) an input converter to receive a DC power input from a 

source, (ii) an output converter coupled to a power line cable to supply an AC power output of 

the corresponding inverter to a power grid, and (iii) an inverter controller to control operation of 

the corresponding input converter and output converter, the method comprising: 

determining, in a first inverter of the plurality of inverters, first information to be 

transmitted from the first inverter to a remote device over a power line cable connected to the 

first inverter; 

determining, in a second inverter of the plurality of inverters, second information to be 

transmitted from the second inverter to the remote device over a power line cable connected to 

the second inverter; 

generating, in the first inverter, an output waveform of the first inverter having a carrier 

signal; 

generating, in the second inverter, an output waveform of the second inverter having the 

carrier signal; 

shifting, in the first inverter, a frequency of the carrier signal by a first amount to 

modulate the first information on the carrier signal; and 

shifting, in the second inverter, the frequency of the carrier signal by a second amount 

different from the first amount to modulate the second information on the carrier signal.
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[0006] In some embodiments, generating the plurality of pulse width modulation signals may 

include modulating the information to be transmitted on a modulation signal of the output 

waveform. In some embodiments, the plurality of pulse width modulation signals may cause the 

output converter to generate an output waveform having a carrier signal, the modulation signal, 

and the information to be transmitted may be modulated on the modulation signal. In some 

embodiments, the inverter may be coupled to a power grid to provide an amount of power to the 

power grid, and the modulation signal may have a frequency equal to a frequency of the power 

grid.  

[0007] Additionally, in some embodiments, generating the plurality of pulse width modulation 

signals may include modulating the information to be transmitted on a carrier signal of the 

output waveform. In some embodiments, modulating the information to be transmitted on the 

carrier signal may include shifting the frequency of the carrier signal. In some embodiments, 

shifting the frequency of the carrier signal may include shifting the frequency by an amount of 

less than one percent of the original frequency of the carrier signal. In some embodiments, 

shifting the frequency may include shifting the frequency by a first amount less than an original 

frequency of the carrier signal and shifting the frequency by a second amount greater than the 

original frequency of the carrier signal.  

[0008] In some embodiments, modulating the information may include modulating first 

information to be transmitted from a first inverter on the carrier signal by shifting the frequency 

of the carrier signal by a first amount; and may further include modulating second information 

to be transmitted from a second inverter on the carrier signal by shifting the frequency of the 

carrier signal by a second amount different from the first amount. In some embodiments, the 

plurality of pulse width modulation signals may cause the output converter to generate an output 

waveform having the carrier signal, a modulation signal, and the information to be transmitted 

modulated on the carrier signal.
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[0009] In some embodiments, the method may further include detecting whether the inverter has 

been disconnected from a power grid, detecting whether a maintenance tool has been 

communicatively coupled to the power line cable, and communicating with the maintenance tool 

using a data transfer rate higher than a data transfer rate of the output waveform having the 

information modulated thereon. In some embodiments, the method may include discontinuing a 

power output to the power line cable of the inverter in response to determining that the inverter 

has been disconnected from the power grid. Additionally, in some embodiments, the method 

may further include detecting the information modulated on the output waveform using a current 

sensor coupled to the power line cable.  

[0010] In some embodiments, the method may include demodulating the information from a 

modulation signal of the output waveform. In some embodiments, the method may include 

demodulating the information from a carrier signal of the output waveform. Additionally, in 

some embodiments, the demodulating the information may include demodulating binary 

information.  

[0011] In a second aspect, the present invention provides a system for communicating 

information over a power line cable, the system comprising: 

a first inverter comprising a first input converter to receive a direct current (DC) power 

input from a solar panel, a first output converter coupled to a power line cable to supply an AC 

power output of the first inverter to a power grid, and a first inverter controller to control 

operation of the first input converter and the first output converter; and 

a second inverter comprising a second input converter to receive a DC power input from 

a second solar panel, a second output converter coupled to the power line cable to supply an AC 

power output of the second inverter to the power grid, and a second inverter controller to control 

operation of the second input converter and the second output converter; 

wherein the first inverter controller is to determine first information to be transmitted 

from the first inverter over the power line cable and control operation of the first output 

converter to shift a carrier frequency of a carrier signal of an output waveform generated by the 

first output converter by a first amount to modulate the first information on the carrier signal; 

and
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wherein the second inverter controller is to determine second information to be 

transmitted from the second inverter over the power line cable and control operation of the 

second output converter to shift the carrier frequency of the carrier signal of an output waveform 

generated by the second output converter by a second amount different from the first amount to 

modulate the second information on the carrier signal.  

[0012] In some embodiments, the output waveform may include the modulation signal, the 

carrier signal, and the information to be transmitted modulated on one of the modulation signal 

or the carrier signal. In some embodiments, the modulation signal may have a frequency equal 

to a frequency of the power grid. In some embodiments, the inverter controller may modulate 

the information on the carrier signal by shifting the frequency of the carrier signal.  

[0013] In some embodiments, the inverter controller may shift the frequency of the carrier 

signal by an amount of less than one percent of the original frequency of the carrier signal. In 

some embodiments, the inverter controller may shift the frequency of the carrier signal by a first 

amount less than an original frequency of the carrier signal and shift the frequency by a second 

amount greater than the original frequency of the carrier signal.  

[0014] In some embodiments, the inverter may include a first inverter having a first output 

converter and a first inverter controller. The first inverter controller may determine first 

information to be transmitted from the first inverter over the power line cable and control 

operation of the first output converter to shift the carrier frequency by a first amount to modulate 

a first information on the carrier signal, and may further include a second inverter. The second 

inverter may include an second input converter to receive a direct current (DC) power input 

from a second solar panel, a second output converter coupled to the power line cable to supply 

an AC power output of the second inverter to the power grid, and an inverter controller to 

control operation of the second input converter and the second output converter. The second 

inverter controller may determine second information to be transmitted from the second inverter 

over the power line cable and control operation of the second output converter to shift the carrier 

frequency by a second amount different from the first amount to modulate a second information 

on the carrier signal.
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[0015] In some embodiments, the system may include a maintenance tool communicatively 

couplable to the power line cable. The inverter controller may detect whether the inverter has 

been disconnected from the power grid, detect whether the maintenance tool has been 

communicatively coupled to the power line cable, and communicate with the maintenance tool 

using a data transfer rate higher than a data transfer rate of the output waveform having the 

information modulated thereon.  

[0016] In some embodiments, the inverter controller may control the output converter to 

discontinue the AC power output in response to a determination that the inverter has been 

disconnected from the power grid.  

[0017] In some embodiments, the system may include a current sensor coupled to the power line 

cable to detect the information modulated on the output waveform.  

[0018] In some embodiments, the system may further include an inverter array gateway 

communicatively coupled to the current sensor and comprising a demodulator to demodulate the 

information from the one of the modulation signal or the carrier signal.  

[0019] According to an embodiment, one or more media having stored thereon instructions, 

which when executed by an inverter controller of an inverter, causes the inverter controller to 

determine information to be transmitted from the inverter to a device remote from the inverter 

over a power line cable connected to the inverter and generate a plurality of pulse width 

modulation signals to control operation of an output converter of the inverter as a function of the 

information to be transmitted. The plurality of pulse width modulation signals
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cause the output converter to generate an output waveform having the information modulated 

thereon.  

[0020] In some embodiments, to generate the plurality of pulse width modulation 

signals may include to modulate the information to be transmitted on a modulation signal of the 

output waveform. In some embodiments, the plurality of pulse width modulation signals may 

cause the output converter to generate an output waveform having a carrier signal, the 

modulation signal, and the information to be transmitted modulated on the modulation signal.  

[0021] In some embodiments, the modulation signal may have a frequency equal to a 

frequency of a power grid to which the inverter is coupled. In some embodiments, to generate 

the plurality of pulse width modulation signals may include to modulate the information to be 

transmitted on a carrier signal of the output waveform.  

[0022] In some embodiments, to modulate the information to be transmitted on the 

carrier signal may include to shift the frequency of the carrier signal. In some embodiments, to 

shift the frequency of the carrier signal may include to shift the frequency by an amount of less 

than one percent of the original frequency of the carrier signal.  

[0023] In some embodiments, to shift the frequency may include to shift the frequency 

by a first amount less than an original frequency of the carrier signal and to shift the frequency 

by a second amount greater than the original frequency of the carrier signal.  

[0024] Additionally, in some embodiments, to modulate the information may include to 

modulate first information to be transmitted from a first inverter on the carrier signal by shifting 

the frequency of the carrier signal by a first amount, and the plurality of instructions may 

further cause the inverter controller to modulate second information to be transmitted from a 

second inverter on the carrier signal by shifting the frequency of the carrier signal by a second 

amount different from the first amount.  

[0025] In some embodiments, the plurality of pulse width modulation signals may cause 

the output converter to generate an output waveform having the carrier signal, a modulation 

signal, and the information to be transmitted modulated on the carrier signal. In some 

embodiments, the plurality of instructions may further cause the inverter controller to detect 

whether the inverter has been disconnected from a power grid, detect whether a maintenance 

tool has been communicatively coupled to the power line cable, and communicate with the 

maintenance tool using a data transfer rate higher than a data transfer rate of the output 

waveform having the information modulated thereon.  

-5-
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[0026] In some embodiments, the plurality of instructions may further cause the inverter 

controller to discontinue a power output to the power line cable of the inverter in response to a 

determination that the inverter has been disconnected from the power grid.  

[0027] In some embodiments, the plurality of instructions may further cause the inverter 

controller to detect the information modulated on the output waveform using a current sensor 

coupled to the power line cable. Additionally, In some embodiments, the plurality of 

instructions may further cause the inverter controller to demodulate the information from a 

modulation signal of the output waveform.  

[0028] In some embodiments, the plurality of instructions further may cause the inverter 

controller to demodulate the information from a carrier signal of the output waveform.  

Additionally, in some embodiments, to demodulate the information may include to demodulate 

binary information.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] The concepts described herein are illustrated by way of example and not by way 

of limitation in the accompanying figures. For simplicity and clarity of illustration, elements 

illustrated in the figures are not necessarily drawn to scale. Where considered appropriate, 

reference labels have been repeated among the figures to indicate corresponding or analogous 

elements.  

[0030] FIG. 1 is a simplified block diagram of at least one embodiment a system for 

generating alternative energy; 

[0031] FIG. 2 is a simplified block diagram of at least one embodiment of an inverter of 

the system of FIG. 1; 

[0032] FIGS. 3 and 4 is a simplified circuit diagram of the inverter of FIG. 2; 

[0033] FIG. 5 is a simplified block diagram of at least one embodiment of an inverter 

controller of the inverter of FIG. 2; 

[0034] FIG. 6 is a simplified flow diagram of at least one embodiment of a method for 

communicating with the inverter of FIG. 2 using an output signal of the inverter; 

[0035] FIG. 7 is a simplified waveform graph of an output signal of the inverter of FIG.  

2 during a period of non-communication; 

[0036] FIG. 8 is a simplified waveform graph of a modulation technique using pulse 

width modulation; 

[0037] FIG. 9 is a simplified waveform graph of an output signal of the inverter of FIG.  

2 with information modulated on the modulation signal of the output signal; and 

-6-
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[0038] FIG. 10 is a simplified waveform graph of an output signal of the inverter of 

FIG. 2 with information modulated on the carrier signal of the output signal.  

DETAILED DESCRIPTION OF THE DRAWINGS 

[0039] While the concepts of the present disclosure are susceptible to various 

modifications and alternative forms, specific embodiments thereof have been shown by way of 

example in the drawings and will be described herein in detail. It should be understood, 

however, that there is no intent to limit the concepts of the present disclosure to the particular 

forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and 

alternatives consistent with the present disclosure and the appended claims.  

[0040] References in the specification to "one embodiment," "an embodiment," "an 

illustrative embodiment," etc., indicate that the embodiment described may include a particular 

feature, structure, or characteristic, but every embodiment may or may not necessarily include 

that particular feature, structure, or characteristic. Moreover, such phrases are not necessarily 

referring to the same embodiment. Further, when a particular feature, structure, or 

characteristic is described in connection with an embodiment, it is submitted that it is within the 

knowledge of one skilled in the art to effect such feature, structure, or characteristic in 

connection with other embodiments whether or not explicitly described.  

[0041] The disclosed embodiments may be implemented, in some cases, in hardware, 

firmware, software, or any combination thereof. The disclosed embodiments may also be 

implemented as instructions carried by or stored on a transitory or non-transitory machine

readable (e.g., computer-readable) storage medium, which may be read and executed by one or 

more processors. A machine-readable storage medium may be embodied as any storage device, 

mechanism, or other physical structure for storing or transmitting information in a form 

readable by a machine (e.g., a volatile or non-volatile memory, a media disc, or other media 

device).  

[0042] In the drawings, some structural or method features may be shown in specific 

arrangements and/or orderings. However, it should be appreciated that such specific 

arrangements and/or orderings may not be required. Rather, in some embodiments, such 

features may be arranged in a different manner and/or order than shown in the illustrative 

figures. Additionally, the inclusion of a structural or method feature in a particular figure is not 

meant to imply that such feature is required in all embodiments and, in some embodiments, may 

not be included or may be combined with other features.  

-7-
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[0043] Referring now to FIG. 1, a system 100 for generating alternative energy includes 

an array 102 of alternative energy source modules 104 and an inverter array gateway 106 

electrically coupled to each alternative energy source modules 104 via an alternating current 

("AC") power line cable 108. The alternative energy source modules 104 are configured to 

convert direct current ("DC") power from an alternative energy source (e.g., a photovoltaic 

module) to AC power, which is supplied to a power grid via a service panel 110 and the power 

line cable 108. In the illustrative embodiment, the alternative energy source modules 104 are 

embodied as photovoltaic modules configured to convert solar energy to AC power. However, 

in other embodiments, other types of alternative energy sources may be used such as, for 

example, fuel cells, DC wind turbines, DC water turbines, and/or other alternative energy 

sources. Additionally, although the illustrative array 102 includes two alternative energy source 

modules 104, the array 102 may include more or fewer modules 104 in other embodiments.  

[0044] The inverter array gateway 106 provides a communication portal to the inverters 

modules 104 of the array 102. In use, each of the alternative energy source modules 104 is 

configured to communicate with the inverter array gateway 106 and/or other devices via the 

gateway 106. To do so, as discussed in more detail below, the alternative energy source 

modules 104 modulate information to be transmitted onto the output waveform (i.e., current 

and/or voltage waveform) generated by each module 104. For example, such modulation may 

include modulating information onto a modulation signal and/or a carrier signal of the output 

waveform as discussed below. It should be appreciated that because the output waveform of 

the modules 104 is used for such communications, additional communication circuitry (e.g., a 

power line carrier communication circuit) is not required in the modules 104.  

[0045] As discussed above, in the illustrative embodiment, the alternative energy source 

modules 104 are embodied as photovoltaic modules. As such, each of the alternative energy 

source modules includes a DC photovoltaic module 120 and an inverter 122. The DC 

photovoltaic module 120 may be embodied as one or more photovoltaic cells and is configured 

to deliver DC power to the inverter 122 in response to receiving an amount of sunlight. Of 

course, the magnitude of the DC power delivered by DC photovoltaic module 120 is a function 

of environmental variables, such as, e.g., sunlight intensity, sunlight angle of incidence and 

temperature. The inverter 122 is configured to convert the DC power generated by the DC 

photovoltaic module 120 to AC power. In some embodiments, the inverter 122 and the DC 

photovoltaic module 120 are located in a common housing. Alternatively, the inverter 122 may 

include its own housing secured to the housing of the DC photovoltaic module 120.  

-8-
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Additionally, in some embodiments, the inverter 122 is separate from the housing of the DC 

photovoltaic module 120, but located nearby.  

[0046] Each of the illustrative inverters 122 includes a DC-to-AC inverter circuit 124 

and an inverter controller 126. The DC-to-AC inverter circuit 124 is configured to convert the 

DC power generated by the DC photovoltaic module 120 to AC power at a frequency of a 

power grid ("grid frequency") to which the array 102 is coupled via the service panel 110. The 

operation of the inverter 122 is controlled and monitored by the inverter controller 126. The 

illustrative inverter controller 126 includes a processor 130 and a memory 132. Additionally, 

the inverter controller 126 may include other devices commonly found in controllers, which are 

not illustrated in FIG. 1 for clarity of description. Such additional devices may include, for 

example, peripheral devices, data storage devices, input/output ports, and/or other devices.  

[0047] The processor 130 of the inverter controller 126 may be embodied as any type of 

processor capable of performing the functions described herein including, but not limited to a 

microprocessor, digital signal processor, microcontroller, or the like. The processor 130 is 

illustratively embodied as a single core processor, but may be embodied as a multi-core 

processor having multiple processor cores in other embodiments. Additionally, the inverter 

controller 126 may include additional processors 130 having one or more processor cores in 

other embodiments.  

[0048] The memory 132 of the inverter controller 126 may be embodied as one or more 

memory devices or data storage locations including, for example, dynamic random access 

memory devices (DRAM), synchronous dynamic random access memory devices (SDRAM), 

double-data rate synchronous dynamic random access memory device (DDR SDRAM), flash 

memory devices, and/or other volatile memory devices. The memory 132 is communicatively 

coupled to the processor 130 via a number of signal paths, such as a data bus, point-to-point 

connections, or other interconnects. Although only a single memory device 132 is illustrated in 

FIG. 1, in other embodiments, the inverter controller 126 may include additional memory 

devices.  

[0049] The inverter array gateway 106 includes a demodulation circuit 150 configured 

to demodulate the information transmitted by the modules 104 over the power line cable 108. In 

the illustrative embodiment, the demodulation circuit 150 includes an amplifier 152, which 

receives a sensor signal from a current sensor 140 coupled to the power line cable 108. The 

amplifier 152 amplifies and conditions the sensor signal, which is subsequently provided to a 

demodulator 154. The demodulator 154 demodulates the information from the sensor signal 

and provides the demodulated information to the processor 156, which may subsequently save 

-9-
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the information in a local or remote data storage, transmit the information to a remote device 

(e.g., a remote monitor computer), generate local or remote alarms (e.g., alarm circuit 159), or 

take some other action in response to the information. The processor 156 may be embodied as 

any type of processor capable of performing the functions described herein including, but not 

limited to a microprocessor, digital signal processor, microcontroller, or the like. Depending on 

the type of modulation used by the alternative energy source modules 104, the demodulation 

circuit 150 may include an analog-to-digital converter 158 in addition to, or in place of, the 

demodulator 154. Regardless, each of the demodulator 154 and the analog-to-digital converter 

158 are configured to supply the demodulated information to the processor 156.  

[0050] In some embodiments, the system 100 may also include a maintenance tool 160, 

which may be utilized by an installer, repairer, or other maintenance personnel of the alternative 

energy source modules 104. Similar to the inverter array gateway 106, the maintenance tool 

160 is configured to communicate with the alternative energy source modules 104. However, 

when the maintenance tool 160 is coupled to the power line cable 108, a switch 164 of the 

service panel 110 may be opened to decouple the array 102 from the power grid. In such 

embodiments, the alternative energy source modules 104 may discontinue the generation of AC 

output power (e.g., automatically by detecting an islanding condition or in response to receipt of 

an instruction signal transmitted by the maintenance tool 160). As such, the maintenance tool 

160 and the alternative energy source modules 104 may utilize the power line cable 108 solely 

for communication purposes (i.e., not for delivery of power as normal) while the array 102 is 

disconnected from the power grid. In such circumstances, a communication protocol having a 

higher data transfer rate, relative to communication techniques using the power line cable 108 

while AC output power is being supplied, may be used (e.g., a Modbus@ protocol). The 

maintenance tool 160 includes a communication circuit 162 to support such "off-line" 

communications with the modules 104. The communication circuit 162 may include various 

circuits and/or components to facilitate the off-line communications and associated 

communication protocol.  

[0051] In some embodiments, the maintenance tool 160 may be embodied in, or 

otherwise incorporated into, the inverter array gateway 112 as shown in FIG 1. In such 

embodiments, the maintenance tool 160 (i.e., the inverter array gateway 112) may be 

communicatively coupled to the switch 164 of the service panel 110 to selectively control the 

operation thereof. To do so, an installer or technician may operate the inverter array gateway 

112 to selectively control the state of the switch 164 to thereby couple or decouple the array 102 

from the power grid. For example, in some embodiments, the inverter array gateway 112 may 
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include a user interface (e.g., a touchscreen or other interface) to facilitate such control of the 

switch 164 and communication with the array 102. Additionally or alternatively, the inverter 

array gateway 112 may include communication circuitry to facilitate communications with the 

maintenance tool 160 to control operation thereof.  

[0052] In other embodiments, the maintenance tool 160 may be embodied as an 

auxiliary tool connectable to a communication device. For example, in some embodiments, the 

maintenance tool 160 is embodied as an auxiliary control device connectable to a mobile 

communication device such as a smartphone, tablet computer, notebook, laptop, or other mobile 

computing and/or communication device. In such embodiments, the maintenance tool 160 may 

utilize the attached communication device to communicate with the inverter array gateway 112 

(or with a corresponding client maintenance tool 160) to control operation of the switch 164 

and/or communicate with the array 102 as discussed above.  

[0053] Referring now to FIG. 2, in the illustrative embodiment, the inverter circuit 124 

of the inverter 122 includes an input converter 200 electrically coupled to a DC bus 204 and an 

output converter 202 electrically coupled to the DC bus 204. Additionally, in some 

embodiments, the inverter circuit 124 may also include an input filter circuit 210 electrically 

coupled to the input converter 200 and the DC photovoltaic module 120 and an output filter 

circuit 212 electrically coupled to the output converter 202 and the service panel 110 (i.e., the 

power grid).  

[0054] In the illustrative embodiment, the input converter 200 is embodied as a DC-to

DC converter configured to convert low voltage DC power to high voltage DC power. That is, 

the input converter 200 converts the DC power received from the DC photovoltaic module 120 

to a high level DC voltage power, which is supplied to the DC bus 204. The output converter 

202 is embodied as a DC-to-AC converter configured to convert the high voltage DC power 

from the DC bus 204 to AC power, which is supplied to the service panel 110, and thereby the 

power grid, at the grid frequency.  

[0055] The inverter controller 126 is electrically coupled to the input converter 200 and 

configured to control the operation of the input converter 200 to convert the low voltage DC 

power received from the DC photovoltaic module 120 to the high voltage DC power supplied to 

the DC bus 204. Additionally, in some embodiments, the inverter controller 126 may control 

the operation of the input converter based on a maximum power point tracking ("MPPT") 

algorithm or methodology. To do so, the inverter controller 126 may provide a plurality of 

control signals to various circuits of the input converter 200.  
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[0056] The inverter controller 126 is also electrically coupled to the output converter 

202 and configured to control operation of the output converter 202 to convert the DC power of 

the DC bus 204 to AC power suitable for delivery to the power grid via the service panel 110.  

Additionally, as discussed in more detail below in regard to FIG. 6, the inverter controller 126 

is configured to control the operation of the output converter 202 so as to modulate information 

to be transmitted onto the output waveform of the inverter circuit 124. In particular, the 

inverter controller 126 may generate switch signals to control the operation of a plurality of 

switches of the output converter 202 to modulate information onto a modulation signal and/or a 

carrier signal of the output waveform.  

[0057] Referring now to FIGS. 3 and 4, in the illustrative embodiment, the input 

converter 200 includes an inverter circuit 300, a transformer 302, and a rectifier 304. The 

inverter circuit 300 is embodied as a DC-to-AC inverter circuit configured to convert the DC 

waveform supplied by the DC photovoltaic module 120 to an AC waveform delivered to a 

primary of the transformer 302. For example, the inverter circuit 300 is illustrative embodied as 

a bridge circuit formed by a plurality of switches 350, 352, 354, 356. Each of the switches 350, 

352, 354, 356 are configured to receive a corresponding control signal, qici, q1c2, q1C3, q1C4, 

from the inverter controller 126 to control operation of the input circuit 300. The inverter 

controller 126 may use pulse width modulation (PWM), or other control technique, to control 

the switches 350, 352, 354, 356 at a relatively high switching frequency (e.g., at a frequency 

that is substantially higher than the AC grid frequency). As discussed above, the inverter circuit 

300 converts the DC waveform from the DC photovoltaic module 120 to a first AC waveform 

based on the control signals received from the inverter controller 126. In the illustrative 

embodiment, the inverter circuit 300 is a embodied as a full-bridge circuit, but other circuit 

topologies such as a half-bridge circuit may be used in other embodiments. Additionally, 

although each of the switches 350, 352, 354, 356 is illustrated as MOSFET devices, other types 

of switches may be used in other embodiments.  

[0058] The transformer 302 may be embodied as a two or more winding transformer 

having a primary winding electrically coupled to the inverter circuit 300 and a secondary 

winding coupled to the rectifier 304. The transformer 302 is configured to convert the first AC 

waveform supplied by the inverter circuit 300 at the primary winding to a second AC waveform 

at the secondary winding. The first and second AC waveforms may have substantially equal 

frequencies and may or may not have substantially equal voltages. The illustrative transformer 

302 includes a primary winding 360 electrically coupled to the inverter circuit 300 and a 

secondary winding 362 electrically coupled to the rectifier circuit 304. The transformer 302 
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provides galvanic isolation between the primary side converter circuitry (including DC 

photovoltaic module 120) and the secondary side circuitry (including the DC bus 204). The 

turns ratio of the transformer 302 may also provide voltage and current transformation between 

the first AC waveform at the primary winding 360 and the second AC waveform at the 

secondary winding 362.  

[0059] The rectifier circuit 304 is electrically coupled to the secondary winding 362 of 

the transformer 302 and is configured to rectify the second AC waveform to a DC waveform 

supplied to the DC bus 204. In the illustrative embodiment, the rectifier 304 is embodied as a 

full-bridge rectifier formed from a plurality of diodes 370, 372, 374, 376. Again, in other 

embodiments, other circuit topologies may be used in the rectifier circuit 304.  

[0060] The DC bus 204 is coupled to the rectifier circuit 304 of the input converter 200 

and to the output converter 202. The DC bus 204 is configured to store energy from the input 

converter 200 and transfer energy to the output converter 202 as needed. To do so, the DC bus 

204 is maintained at a relatively high voltage DC value and includes a DC bus capacitor 380.  

The particular value of capacitance of the DC bus capacitor 380 may be dependent on the 

particular parameters of the inverter 122 such as the desired voltage level of the DC bus 204, 

the expected requirements of the power grid, and/or the like.  

[0061] As shown in FIG. 4, the output converter 202 is electrically coupled to the DC 

bus 204 and configured to convert the DC bus waveform to the output AC waveform, which is 

filtered by the output filter 212. The output converter 202 includes a DC-to-AC inverter circuit 

400 configured to convert the DC waveform supplied by the DC bus 204 to an AC waveform 

delivered to the output filter 212. For example, the inverter circuit 400 is illustrative embodied 

as a bridge circuit formed by a plurality of switches 402, 404, 406, 408. Each of the switches 

402, 404, 406, 408 is configured to receive a corresponding control signal, qoci, qoc2, qoc3, 

qoc4, from the inverter controller 126 to control operation of the output converter 202. As 

discussed above, the inverter controller 126 may use PWM to control the switches 402, 404, 

406, 408 to generate a pulse width modulated AC waveform. Additionally, as discussed in 

more detail below, the inverter controller 126 may control the switches 402, 404, 406, 408 to 

modulate, or otherwise incorporate, information onto the AC waveform. It should be 

appreciated that although the illustrative the output converter 202 is embodied as a full-bridge 

circuit, other circuit topologies such as a half-bridge circuit may be used in other embodiments.  

Additionally, although each of the switches 402, 404, 406, 408 is illustrated as MOSFET 

devices, other types of switches may be used in other embodiments.  
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[0062] The input filter 210 and output filter 212 are configured to provide filtering 

functions of the DC input waveform from the DC photovoltaic module 120 and the AC output 

waveform to the power grid, respectively. The input filter 210 illustratively includes a filtering 

capacitor 390 and a filtering inductor 392. However, other filtering components and topologies 

may be used in other embodiments. The output filter 212 is configured to filter the output 

voltage by reducing the conducted interference and satisfying regulatory requirements. In the 

illustrative embodiment, the output filter 212 includes differential-mode inductors 420, 422, a 

line filter capacitor 424, and common-mode inductors 426, 428. Again, however, other filtering 

component and topologies may be used in other embodiments.  

[0063] Referring now to FIG. 5, the inverter controller 126 includes various control 

modules to control the operation of the input converter 200 and the output converter 202. With 

specific regard to the control of the output converter 202, the inverter controller 126 includes 

processing circuitry 500 and output sense circuitry 502, which provides various sensed signals 

to the processing circuitry 500. The processing circuitry 500 may be embodied in, or otherwise 

include, the processor 130 and/or the memory 132 of the inverter controller 126, as well as 

additional circuitry and/or devices. The output sense circuitry 502 includes a plurality of 

sensing circuits to sense various currents and/or voltages of the inverter 122 and/or power grid.  

In the illustrative embodiment, the output sense circuitry 502 is configured to sense or calculate 

the grid line voltage, VLNE ms, the grid phase, 0 LINE, and the output power of the inverter 122, 

POUT. However, in other embodiments, additional or other currents, voltages, and/or circuit 

characteristics may be sensed or otherwise measured by the output sense circuitry 502.  

[0064] The processing circuitry 500 includes a plurality of control modules, which may 

be embodied as firmware/software programs (e.g., stored in the memory 132), discrete 

hardware circuitry, and/or a combination of hardware and software. In the illustrative 

embodiment, the processing circuitry 500 includes an output current controller 510 and an 

output converter control module 512. Of course, it should be appreciated that additional or 

other modules, functionality, and features may be included in the processing circuitry 500 

depending on the particular implementation. Additionally, it should be appreciated that 

although the modules 510, 512 are illustrated in FIG. 5 as separate modules, the functionality of 

any one or more of the modules 510, 512 may be incorporated into another module of the 

processing circuitry 500.  

[0065] The output current controller 510 is configured to generate a command signal as 

a function of a plurality of other signals and/or characteristics of the inverter 122. For example, 

in the illustrative embodiment, the output current controller 510 generates a current command 

- 14 -



WO 2014/150485 PCT/US2014/023376 

signal, ioc*, as a function of the voltage of the DC power bus 204, VBUS, the average grid line 

voltage, VLINERMS, and the phase angle of the grid voltage, OLNE. Of course, in other 

embodiments, the output current controller 510 may generate the current command signal based 

on additional or other signals of the inverter 122. Additionally, although the command signal is 

embodied as a current command signal in FIG. 5, the command signal may be embodied as a 

voltage command signal, a duty cycle command signal, or another type of command signal in 

other embodiments.  

[0066] The output converter control module 512 is configured to control the operation 

of the output converter 202. To do so, the output converter control module 512 is configured to 

generate the plurality of output switching signals, qoci, qoc2, qoc3, qoc4, that control the 

operation of the switches 402, 404, 406, 408 of the output converter 202. In the illustrative 

embodiment, the output converter control module 512 includes a proportional-integral (PI) 

module 520 that generates a duty cycle command signal, doc, based on the current command 

signal, ioc*, and a feedback signal of the output current of the inverter 122, ioc. The duty cycle 

command signal, doc, is provided to a pulse width modulation (PWM) control module 522, 

which generates the output switching signals, qoci, qoc2, qoc3, qoc4, based on the duty cycle 

command signal, doc. The output converter control module 512 may also perform various 

safety and/or quality verification checks on the inverter 122 such as ensuring that the output 

power remains within an acceptable range, protecting against anti-islanding conditions, and/or 

other functions.  

[0067] The output converter control module 512 also includes the PWM control module 

522, which is configured to control or operate the output converter 202 in a normal run mode 

via the generation of the output switching signals qoci, qoc2, qoc3, qoc4. Additionally, when 

information is to be transmitted from the inverter 122, the PWM control module 522 is 

configured to adjust the output switching signals qoci, qoc2, qoc3, qoc so to modulate the 

information to be transmitted on the output power waveform as discussed in more detail below.  

[0068] Referring now to FIG. 6, in use, the inverter controller 126 of each inverter 122 

may execute a method 600 for communicating information from the corresponding inverter 

122. The method 600 begins with block 602 in which the inverter controller 126 determines 

whether the inverter 122 is connected to the power grid. To do so, the inverter controller 126 

may, for example, utilize one or more various anti-islanding or similar techniques to determine 

whether the output of the inverter 122 is connected to the power grid. If the inverter controller 

126 determines that the inverter 122 is connected to the power grid, the method 600 advances to 

block 604 in which the inverter controller 126 determines whether to transmit information. The 
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inverter controller 126 may be configured to transmit information periodically or responsively.  

For example, in some embodiments, the inverter array gateway 106 may "poll" or interrogate 

each individual inverter 122 to retrieve various information from each inverter 122 (e.g., 

identification data, operating parameters, etc.). If the inverter controller 126 determines that no 

information needs transmitted, the method 600 loops back to block 602 in which the inverter 

controller 126 determines whether the inverter 122 is still connected to the power grid.  

[0069] If, however, the inverter controller 126 determines that there is information to be 

transmitted in block 604, the method 600 advances to block 606. In block 606, the inverter 

controller modulates the information to be transmitted onto the output waveform of the inverter 

122. For example, as shown in FIG. 7, the inverter 122 may generate an AC power output 

waveform 700 when no information is being transmitted from the inverter 122. The output 

waveform 700 includes a low frequency modulation signal 702 and a high frequency carrier 

signal 704. The output waveform 700 is generated via the operation of the output converter 

control module 512 and the PWM control module 522 included in the control module 512 as 

discussed above. For example, the output waveform 700 may be generated using a pulse width 

modulation signal 802 of the high frequency carrier signal 704 as shown in waveform graph 

800 FIG. 8.  

[0070] However, when information is to be transmitted, the inverter controller 126 may 

modulate, or otherwise control the generation of, the output waveform further to incorporate the 

information therein. For example, in some embodiments, the inverter controller 126 may 

transmit the information using the modulation signal 702 in block 608. To do so, the inverter 

controller 126 may control the output converter 202 to modulate the information onto the 

modulation signal 702 in block 610 of method 600. For example, the PWM control module 522 

may generate output switching signals, qoci, qoc2, qoc3, qoc4 to cause the information to be 

modulated on the modulation signal 702. Any suitable modulation technique may be used to 

modulate or incorporate the information onto the modulation signal 702. In such embodiments, 

the output waveform 700 includes the modulation signal 702, the carrier signal 704, and the 

modulated information signal 902 as shown in the waveform graph 900 of FIG. 9.  

[0071] Additionally or alternatively, in some embodiments, the inverter controller 126 

may transmit the information using the carrier signal 704 in block 612. To do so, the inverter 

controller 126 may control the output converter 202 to modulate or incorporate the information 

onto the carrier signal 704 in block 614. For example, the PWM control module 522 may 

generate output switching signals, qoci, qoc2, qoc3, qoc4 to cause the information to be 

modulated on, or otherwise incorporated into, the carrier signal 704 by shifting the frequency of 
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the carrier signal 704. Such shifting of the carrier signal 704 may denote a logic "0," a logic 

"1," a neutral, and/or other logic levels. For example, in an embodiment in which the nominal 

frequency of the carrier signal 704 is 100kHz, the frequency of the carrier signal 704 may be 

shifted to 99.9 kHz (e.g., about one percent of the nominal frequency) to denote a logic "0" and 

shifted to 100.1 kHz to denote logic "1" (or vice-versa). Additionally, in embodiments in 

which the array 102 includes multiple alternative energy source modules 104, the inverter 

controller 126 of each module 104 may be configured to shift the frequency of the carrier signal 

704 by a different amount (e.g., shifting the frequency of the carrier signal 704 to 100.2 kHz 

and 100.4kHz to denote logic "0" and logic "1). An illustrative output waveform 1000 in which 

information has been modulated on the carrier signal 704 (i.e., the carrier signal has been 

shifted) is shown in FIG. 10. As with the modulation of the modulation signal 702, the output 

waveform 1000 includes the modulation signal 702, the carrier signal 704, and the modulated 

information signal 1002, which is embodied as the frequency shifting of the carrier signal 704.  

[0072] Referring back to block 602 of method 600 of FIG. 6, if the inverter controller 

126 determines that the array 102 is not connected to the power grid, the method 600 advances 

to block 616. In block 616, the inverter controller 126 determines whether a maintenance tool 

160 is connected to the array 102. To do so, the inverter controller 126 may monitor 

communication traffic on the power line cable 108 for a trigger or command signal configured 

to indicate that a maintenance tool 160 has been communicatively coupled to the power line 

cable 108. For example, upon such coupling, the communication circuit 162 of the 

maintenance tool 160 may be configured to broadcast an alert message to begin 

communications with the individual inverters 122.  

[0073] In block 618, the inverters 122 initiate communication with the maintenance 

tool. In some embodiments, as discussed above, the inverters 122 may be configured to 

discontinue AC power output in response to detecting that the power line cable 108 is 

disconnected from the power grid and/or communicative coupling of the maintenance tool 160 

in block 620. Because the power line cable 108 is disconnected from the power grid and the 

inventers 122 are not generating output power to the grid, a communication protocol having a 

higher data transfer rate (e.g., a Modbus@ protocol) than the modulation techniques discussed 

above may be used to establish communications between the inverters 122 and the maintenance 

tool 160.  

[0074] There is a plurality of advantages of the present disclosure arising from the 

various features of the technologies described herein. It will be noted that alternative 

embodiments of the technologies of the present disclosure may not include all of the features 
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described yet still benefit from at least some of the advantages of such features. Those of 

ordinary skill in the art may readily devise their own implementations of technologies that 

incorporate one or more of the features of the present disclosure and fall within the spirit and 

scope of the present invention as defined by the appended claims.  
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CLAIMS 

1. A method for communicating information from a plurality of inverters configured for the 

conversion of direct current (DC) power generated from alternative sources to alternating current 

(AC) power, wherein each inverter of the plurality of inverters includes (i) an input converter to 

receive a DC power input from a source, (ii) an output converter coupled to a power line cable to 

supply an AC power output of the corresponding inverter to a power grid, and (iii) an inverter 

controller to control operation of the corresponding input converter and output converter, the 

method comprising: 

determining, in a first inverter of the plurality of inverters, first information to be 

transmitted from the first inverter to a remote device over a power line cable connected to the 

first inverter; 

determining, in a second inverter of the plurality of inverters, second information to be 

transmitted from the second inverter to the remote device over a power line cable connected to 

the second inverter; 

generating, in the first inverter, an output waveform of the first inverter having a carrier 

signal; 

generating, in the second inverter, an output waveform of the second inverter having the 

carrier signal; 

shifting, in the first inverter, a frequency of the carrier signal by a first amount to modulate 

the first information on the carrier signal; and 

shifting, in the second inverter, the frequency of the carrier signal by a second amount 

different from the first amount to modulate the second information on the carrier signal.  

2. The method of claim 1, wherein shifting, in the first inverter, the frequency comprises 

shifting, in the first inverter, the frequency by a first amount less than an original frequency of 

the carrier signal and shifting, in the first inverter, the frequency by a second amount greater than 

the original frequency of the carrier signal.
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3. The method of claim 1, further comprising: 

detecting whether the first inverter has been disconnected from a power grid; 

detecting whether a maintenance tool has been communicatively coupled to the power line 

cable; and 

communicating with the maintenance tool using a data transfer rate higher than a data 

transfer rate of the output waveform of the first inverter having the first information modulated 

thereon.  

4. The method of claim 1, further comprising detecting the first information modulated on the 

output waveform using a current sensor coupled to the power line cable.  

5. The method of claim 4, further comprising demodulating the first information from the 

carrier signal of the output waveform.  

6. A system for communicating information over a power line cable, the system comprising: 

a first inverter comprising a first input converter to receive a direct current (DC) power 

input from a solar panel, a first output converter coupled to a power line cable to supply an AC 

power output of the first inverter to a power grid, and a first inverter controller to control 

operation of the first input converter and the first output converter; and 

a second inverter comprising a second input converter to receive a DC power input from a 

second solar panel, a second output converter coupled to the power line cable to supply an AC 

power output of the second inverter to the power grid, and a second inverter controller to control 

operation of the second input converter and the second output converter; 

wherein the first inverter controller is to determine first information to be transmitted from 

the first inverter over the power line cable and control operation of the first output converter to 

shift a carrier frequency of a carrier signal of an output waveform generated by the first output 

converter by a first amount to modulate the first information on the carrier signal; and 

wherein the second inverter controller is to determine second information to be transmitted 

from the second inverter over the power line cable and control operation of the second output 

converter to shift the carrier frequency of the carrier signal of an output waveform generated by 

the second output converter by a second amount different from the first amount to modulate the 

second information on the carrier signal.
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7. The system of claim 6, wherein the output waveform generated by the first output 

converter comprises the modulation signal, the carrier signal, and the first information to be 

modulated on the carrier signal.  

8. The system of claim 6, wherein the first inverter controller is to shift the frequency of the 

carrier signal by an amount of less than one percent of the original frequency of the carrier 

signal.  

9. The system of claim 6, wherein the first inverter controller is to shift the frequency of the 

carrier signal by a first amount less than an original frequency of the carrier signal and shift the 

frequency by a second amount greater than the original frequency of the carrier signal.  

10. The system of claim 6, further comprising a maintenance tool communicatively couplable 

to the power line cable, 

wherein the first inverter controller is to (i) detect whether the first inverter has been 

disconnected from the power grid, (ii) detect whether the maintenance tool has been 

communicatively coupled to the power line cable, and (iii) communicate with the maintenance 

tool using a data transfer rate higher than a data transfer rate of the output waveform having the 

first information modulated thereon.  

11. The system of claim 6, further comprising a current sensor coupled to the power line cable 

to detect the first information modulated on the output waveform.  

12. The system of claim 11, further comprising an inverter array gateway communicatively 

coupled to the current sensor and comprising a demodulator to demodulate the first information 

from the carrier signal.  
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