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(57) ABSTRACT

The present invention provides a general purpose controller
chip that can be used for remotely monitoring and/or con-
trolling plurality of devices that require current and/or
voltage adjustment. In an embodiment, the general purpose
controller chip is capable of performing multiple algorithmic
functions such as monitoring current and voltage, adjusting
and controlling them, switching power, performing detec-
tion algorithms, such as arc detection, LED dimming and the
like, as well as communication functions. The general pur-
pose controller chip provides a significantly higher level of
integration and thereby makes the design of the devices
simpler and dramatically reduces the cost of implementa-
tion, while providing ease of maintenance.
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GENERAL PURPOSE SINGLE CHIP
CONTROLLER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 14/058,266, filed Oct. 20, 2013,
which claims benefit of U.S. Provisional Patent Application
61/716,583, filed Oct. 21, 2012, the disclosures of each of
which are hereby incorporated by reference in their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to a solar micro-
inverter and more particularly, to a processing system used
in the solar micro-inverter and any other similar system
requiring monitoring and control of analog signals as well as
communicating to a remote control center.

BACKGROUND OF THE INVENTION

[0003] A Conventional strings or central inverter device
comprises multiple solar panels that are connected to a
centralized inverter system. Solar panels are wired in series,
creating a PV array, that is then connected to a string or a
central inverter that converts the direct current (DC) from
the PV array into an alternating current (AC). However, the
performance of these conventional central inverter devices
suffer from a number of disadvantages such as sub-optimal
energy harvest, safety concern for DC wiring, short life,
complex array design and installation, and difficulty in
determining the location of performance problems.

[0004] On the contrary, a solar micro-inverter is a system
that converts direct current (DC) from a single solar panel to
an alternating current (AC). The electric power from several
micro-inverters is combined and fed into an existing elec-
trical grid. A solar micro-inverter offers various advantages
over the conventional strings or central inverter systems.
The main advantage is that even small amount of shading,
debris or snow line in any one solar panel, or a panel failure
do not disproportionately reduce the output of the entire
array. Each micro-inverter obtains optimum power by per-
forming maximum power point tracking for its connected
panel.

[0005] The micro-inverters are located near the panel. The
micro-inverters are equipped with a communication unit that
enables monitoring the performance of each panel and
controlling the micro-inverter for maintenance and trouble-
shooting purposes. The communication is typically per-
formed using a powerline communication, a cellular modem
or a near range wireless modem. The micro-inverter con-
troller is coupled to the powerline communication, a cellular
modem or a wireless modem using a suitable interface. The
problem associated with this micro-inverter modem arrange-
ment is that it includes redundant processing units optimized
for very specific functions such as analog controller, modem
and even an additional processor for Arc detection as a
safety precaution, ultimately resulting in increased cost.
[0006] In light of the foregoing discussion, an improved
micro-inverter arrangement is desirable whereby a single
processor can implement the modem function as well as the
micro-inverter control and any other computational func-
tion.

[0007] Furthermore, a single chip microprocessor is desir-
able that can perform the communication function as well as
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analog signal monitoring and controlling functionality. The
single chip microprocessor can server the purposed of a
general purpose processor or controller that provides com-
munication as well as analog signal control such as voltage
and/or current that coincides in one system or application.

SUMMARY

[0008] The present invention provides a general purpose
single chip controller that imparts controlling, monitoring
and communication functionality to a device. The single
chip controller comprising: an analog sub-system to receive
analog input signals from one or more sensors; a controller
sub-system to process the analog input signals and gener-
ating instructions for controlling the device; a communica-
tion means to establish the connectivity and communication
with a remote gateway. The general purpose single chip
controller further comprises a module to determine a com-
munication standard for establishing connectivity and com-
munication with the remote gateway. The analog signal may
comprise a voltage signal and/or a current signal. The single
chip controller can work as a LED controller, a battery
charging controller or a motor controller. The one or more
sensor measure controlling parameters and sends the data to
the general purpose single chip controller, said general
purpose single chip controller is programmed to process the
data coming from said one or more sensors in order to
perform the control and monitoring function and to imple-
ment a modem for establishing connectivity with the remote
gateway. The communication with the remote gateway com-
prises wireless standard which may include Bluetooth, Zig-
bee, IEEE802.15.4, IEEE802.11, 3G, 4G, LTE and the like.
The communication means may comprise a wireless modem
and/or a powerline communication modem. The controller
sub-system also comprises a pulse width modulating con-
troller that supports duty cycle resolution to enable more
control over the “smoothness” of the analog signal and
reduce sample-to-output delay.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The preferred embodiment of the invention will
hereinafter be described in conjunction with the appended
drawings provided to illustrate and not to limit the scope of
the invention, wherein like designation denote like element
and in which:

[0010] FIG. 1 is a schematic arrangement showing the
conventional solar micro-inverter existing in the prior art.
[0011] FIG. 2 is a schematic arrangement of a grid con-
nected micro-inverter, in accordance with an embodiment of
the present invention.

[0012] FIG. 3 is a schematic representation of the control-
ler chip used in the solar micro-inverter, in accordance with
an embodiment of the present invention.

[0013] FIG. 4 is a schematic representation of a controller
chip with embedded controlling and communication func-
tionality, in accordance with an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0014] In the following detailed description of embodi-
ments of the invention, numerous specific details are set
forth in order to provide a thorough understanding of the
embodiments of the invention. However, it will be obvious
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to a person skilled in the art that the embodiments of the
invention may be practiced without these specific details. In
other instances well known methods, procedures and com-
ponents have not been described in details so as not to
unnecessarily obscure aspects of the embodiments of the
invention.

[0015] Furthermore, it will be clear that the invention is
not limited to these embodiments only. Numerous modifi-
cations, changes, variation, substitutions and equivalents
will be apparent to those skilled in the art without parting
from the spirit and scope of the invention.

[0016] A solar micro-inverter is a power conversion unit
connected to the solar panel for converting direct current
(DC) generated by a single solar panel to an alternating
current (AC) used by the electric grid. The inverter outputs
are relayed to a grid.

[0017] The present invention discloses a single-chip grid
connected micro-inverter arrangement with a processor to
perform both the control and monitoring functions and the
communication function, resulting in cheaper, simpler and
smaller system implementation. The processor controls and
monitors the signals necessary to implement the micro-
inverter function and runs the application program associ-
ated with the micro-inverter. The processor also implements
a catalogue of communication methods using a modem and
a networking protocol for establishing connectivity to the
smart grid and/or to the Internet cloud. The processor has
sufficient programmability to implement any common
power line communication (PLC) and near-range wireless
standard as well as performing maximum power point
tracking and fault detection algorithm. Communication with
the smart grid or the Internet cloud is typically performed
using a low power line communication modem and/or a
near-range low power wireless modem. These communica-
tion methods are implemented via a catalogue of low
power-line communication standards including PRIME, G3,
IEEE 1901.2 and Lon and/or via a catalogue of low power
wireless communication standards that includes IEEE802.
15.4.

[0018] A preferred method for this invention has been
described in details in the following paragraphs.

[0019] The solar micro-inverter utilizes a single control/
communication chip for control and monitoring functions of
the power conversion function. Additionally, the perfor-
mance of the solar array can be monitored remotely or
through the Internet cloud using different communication
methods and standards as mentioned above. The same
methods can be used to control the array remotely, such as
shutting the power off in case of emergency or in a faulty
panel. The communication methods that are used need to be
of'low power in order to preserve the power efficiency of the
panel.

[0020] FIG. 1 is a schematic arrangement showing the
conventional solar micro-inverter existing in the prior art.
Referring to FIG. 1, the arrangement consists of a solar
panel/PV panel 101, a plurality of detectors such as a
temperature sensor 102, an arc detector 103, and a controller
104 connected to a grid or the internet cloud via a powerline
communication or near range wireless modem through an
interface. The temperature sensor 102 and the arc detector
103 are coupled to the controller 104 and they transmit their
input to the controller 104. A H-bridge circuit 107 is used to
convert the DC signal outputted by the PV panel 101 to high
frequency AC waveform.
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[0021] The micro-inverter arrangement as shown in FIG.
1 requires a plurality of processors. The controller 104
monitors the performance of each panel and controls the
functioning of the micro-inverter. In order to keep the
installation simple and to avoid additional wiring, the com-
munication is typically performed using a power line com-
munication (PLC) 105 or near range wireless modem 106.
While communication function is inherent to a micro-
inverter based installation, it further increases the cost of the
equipment.

[0022] The control functions of the micro-inverter are
typically performed by the controller 104 with analog con-
trol functions, such as fast PWM, running maximum power
point tracking algorithms and monitoring the voltage and the
current and essentially implementing the micro-inverter
applications. The controller 104 can be programmed so as to
communicate with a remote data aggregator of some sort to
make the monitored data available remotely and even accept
remote control commands. This is accomplished by cou-
pling the controller 104 to a power-line 105 or wireless
modem 106 via a suitable interface. The controller 104 may
be programmed to exchange information with the modem,
which in turn converts the information into a suitable format
for transmission to the remote source via a power line
communication 105 or wireless transmission 106.

[0023] The problem with the micro-inverter modem
arrangement as shown in FIG. 1 is that it includes redundant
processing units optimized for very specific functions, such
as an analog controller, a modem and even an additional
processor for Arc detection as a safety precaution, ultimately
resulting in increased cost.

[0024] FIG. 2 is a schematic arrangement of a grid con-
nected micro-inverter in accordance with an embodiment of
the present invention. The detector such as a temperature
sensor 202 provides input to a controller 203 having a
processor for processing the information received by the
controller 203. The arrangement in the FIG. 2 is a uniform
platform that is independent of the specific modem being
used or specific signal control and maximum power point
tracking algorithm. The control functions of the micro-
inverter are performed by the programmable controller 203
with analog control functions namely PWM and by running
maximum power point tracking algorithms and monitoring
the voltage and the current and essentially implementing the
micro-inverter applications. The controller 203 also per-
forms other auxiliary functions such as monitoring the
micro-inverter functioning using a plurality of sensors such
as a temperature sensor 202 and an arc detector 103. The
voltage and the current in the arrangement are further
monitored by the controller 203 that implements the micro-
inverter application via embedded analog to digital convert-
ers (ADC’s). The controller 203 performs the functions of
controlling and monitoring the micro-inverter and for main-
taining communication with the grid or the Internet cloud or
remote location using the standard communication standard.
The controller 203 is having an in-built modem that func-
tions as an interface for communication with the grid or a
remote location.

[0025] An H-Bridge circuit 207 is used to invert DC
signals outputted by the photovoltaic cell 201 to a high
frequency AC voltage.

[0026] The software running on the controller 203 not
only includes all the algorithms necessary for micro-inverter
application, but also determines the specific means of com-
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munication standard being used to exchange information
with the remote location or the Internet cloud from a
catalogue of communication standards or proprietary
schemes. The communication standards include any com-
mon power line communication and a near-range wireless
communication. Since the micro-inverter application and the
modem share the same processor, the data read by the
sensors is fed directly to the modem and the control com-
mands received by the modem go directly to the application
without the need for any inter-processor communication link
as in the traditional implementations. That simplifies the
system and makes communications faster, which is espe-
cially important in time critical fault scenarios.

[0027] In an aspect of the present invention, the micro-
inverter arrangement is having only a single processor that
performs the control and monitoring functions as well as
enabling communication with a remote server using pow-
erline communication or near range wireless modem.

[0028] FIG. 3 is a schematic representation of a controller
chip used in the solar micro-inverter, in accordance with an
embodiment of the present invention. Referring to FIG. 3,
the controller chip 300 is capable of performing multiple
algorithmic functions such as an analog monitor, control and
communication functions as well as arc detection and the
like. The controller chip 300 provides a significantly higher
level of integration and thereby makes the design of a
micro-inverter simpler and dramatically reduces the cost of
implementation, while providing ease of maintenance. The
resulting micro-inverter/PV panel combination can commu-
nicate directly with “Grid-based” communication using any
one of a number of worldwide PLC or wireless standards,
thereby being “Grid-tied” both in power delivery and power
asset management.

[0029] The controller chip 300 executes precise algo-
rithms that are required to keep the solar panel used in a
micro-inverter arrangement at the maximum power extrac-
tion point while adjusting the DC-DC and DC-AC conver-
sion to produce the output AC voltage for the grid. The
controller chip 300 is also programmed to perform the
control loops necessary for all the power management
functions. The PV maximum output power is dependent on
the operating conditions and varies from moment to moment
due to temperature, shading, cloud cover, and time of day so
tracking and adjusting for this maximum power point is a
continuous process. The controller chip 300 contains
advanced peripherals like high precision PWM outputs and
ADCs for implementing control loops. The ADC measures
variables, such as the PV output voltage and current, and
then adjusts the DC/DC converter and DC/AC inverter by
changing the PWM duty cycle depending on the load.
Complex schemes exist to track the true maximum even in
partially-shaded PV modules. Real time processors designed
to read the ADC and adjust the PWM within a single clock
cycle. Other peripherals include fast comparators to detect
fault condition and allow for fast reaction, such as shutting
off the power to the panel. Communication capability is also
included, so users and utilities can monitor the converter,
report on power and operating conditions and provide firm-
ware updates.

[0030] In an aspect of the present invention, powerline
communication or wireless communication, such as Blu-
etooth, Zigbee, IEEE802.15.4, NB-IoT are used as network-
ing options.
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[0031] The controller chip 300 comprises an analog sensor
unit 302 for sensors and converting the analog data to digital
data, a PHY unit 304 for processing the digital data, and a
data link layer controller 306 for controlling the functioning
of the micro-inverter. The arc detection circuit for the
micro-inverter comprises an analog front end 308, an ana-
log-to-digital converter in analog sensor unit 302 and digital
signal processor (DSP) in PHY unit 304. The analog front
end 308 is a current transformer that measures the current in
the string of panels. It acts as a bandpass filter across the
range of frequencies to be observed and adds gain to the
signal before it is sampled by the analog-to-digital converter
and passed to the digital signal processor for further pro-
cessing. These high-frequency signals are being fed into a
comparator and checked against an operator-programmed
sensitivity level selected during the test setup. If this level is
exceeded, an interrupt signal is then fed into the CPU that
shuts down the system.

[0032] The controller chip 300 employs a communication
unit 310 for communicating with the grid or a remote
location using powerline communication standards. Power
line communication (PLC) leverages the existing power line
infrastructure and provides a cost-effective approach for
intelligent monitoring and control to many industrial appli-
cations. It makes PLC as one of the leading enabling
technologies for smart grid applications ranging from smart
metering, lighting control, solar, plug-in electrical vehicle
home, building automation of heat and air conditioning, and
security and the like. The power line communication system
310 comprises a high voltage capacitor, a coupling trans-
former, a surge protector, an analog front end, an operational
amplifier (op-amp), a programmable gain amplifier, an ana-
log-to-digital converter, a universal asynchronous receiver
transmitter, a clock and a micro controller unit.

[0033] The powerline communication modem system
begins with a modulated signal entering the receiver stage or
an active bandpass filter where the op-amp selected for the
filter should provide low noise, low harmonic distortion, and
low input bias as seen in FIG. 3. Scaling the received signal
by using a programmable gain amplifier (PGA) allows for a
wide dynamic range and optimal signal processing. The
programmable gain amplifier needs to connect to the input
of an analog to digital converter (ADC) that is fast and
accurate enough to properly convert it to a digital form for
processing. The ADC also includes triggering mechanisms
for support of multi-frequency and phase sampling. The
MCU then enables multiple modulations on the same hard-
ware, thus eliminating the need to redesign the modem to
support different modulation or standards. This makes smart
and flexible platform for the power line communication
implementation. Processed signals are injected back into the
power grid by the PLC transmitter stage that drives a high
output current. The control can be done using the PWMs
support duty cycle resolution to enable more control over
harmonics and reduce sample-to-output delay. The op-amp
is designed for the rigorous demands of the PL.C line driver.
The resulting modem can directly communicate with outside
systems (both wired and wireless applications) via one of the
serial interface options including SPI or UART. The arrange-
ment supports several modulations and standards on one
unique design as PRIME and G3 standards.

[0034] In another embodiment of the present invention,
the micro-inverter is capable of communicating via a cata-
logue of low power wireless communication standards that
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include IEEE 802.15.4, IEEE 802.11, NB-IoT and other
wireless communications schemes. The communication
schemes may include powerline communication modem
and/or wireless communication modem to allow both modes
of communication by the same MCU.

[0035] The controller 300 implements a communication
modem for connectivity to the smart grid or to the Internet
cloud and performs both the micro-inverter control and
modem communication function, resulting in cheaper and
smaller system implementation. The analog -circuitry
handles modulation and demodulation of the signals. Signals
from the analog front end are being fed to the phase locked
loop and zero crossing detector. The phase locked loop
generates an output signal whose phase is related to the
phase of an input signal. The zero crossing detector switches
the output between +Vsat and -Vsat (Vsat: Saturation
voltage almost equal to 14 V) when the input from the PLL
crosses zero reference voltage. The complex signal is filtered
and amplified, and then digitized by the ADCs. All the
functions are performed digitally. The digitized data is fed to
the DSP block and that data is stored in various memory
blocks. In the DLL controller block, a CRC and AES 256 are
performed on the digitized data that results into secured and
error free data.

[0036] A JTAG (Joint Test Action Group) block is used for
debugging ports. The JTAG block perform operations like
single stepping and break pointing. The processor commu-
nicates through a standard SPI bus. The SPI allows full-
duplex, synchronous, serial communication between a host
processor (the master) and peripheral devices (slaves). The
SPI master generates the synchronizing clock and initiates
transmissions. SPI slave devices depend on the master to
start and synchronize transmissions. The transmission
begins when initiated by the SPI master. The data is trans-
ferred to the receiver end through PHY and MAC layers.
[0037] In another embodiment, the present invention is
represented as an integrated grid connected micro-inverter
controller. The embodiments comprise a PLC front end, a
SM2480 processor and a Zigbee front end that is capable of
performing the control, monitor and communication func-
tions simultaneously. The present invention finds application
in residential and commercial processes for power delivery
and power asset management. The same arrangement is also
applicable to LED lighting control, where maximum power
point tracking algorithm is replaced with LED controlling
algorithm using the same control, monitor and communica-
tion components.

[0038] The advantages of the present invention are imple-
mentation of a smaller solar micro-inverter arrangement for
power generation that results in reduced cost. Furthermore,
the solar micro-inverter arrangement is more reliable, effi-
cient and is easy to maintain.

[0039] In an embodiment of the present invention, the
controller chip may find its utilization as a general purpose
controller chip in a device which is in communication with
a remote device. The controller chip has a single processor
that provides controlling and monitoring functionality to the
device as well as communication functionality. The control-
ler chip can be embedded in the device that requires reading
of analog signal(s) such as voltage, current and other analog
signals, wherein the controller chip read the processed
signals and generate output signals such as voltage, current
or other analog signal while communicating to a remote
gateway. The controller chip can be used as a LED controller
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in a LED lamp, a battery charging controller, a motor
controller in an electric motor, and as a monitoring and
controlling system.

[0040] FIG. 4 is a schematic representation of a controller
chip used for controlling and monitoring a device and
communicating with a remote device, in accordance with an
embodiment of the present invention. The controller chip
may be implemented as an LED controller, a battery charg-
ing controller, a temperature controller for air conditioner, a
motor controller and the like. Referring to FIG. 4, the
controller chip 400 is capable of performing multiple algo-
rithmic functions such as an analog monitor, control and
communication functions as well as arc detection and the
like.

[0041] The controller chip 400 comprises an analog sub-
system 402 for receiving analog data from one or more
sensors, and converting the analog data to digital data, a
communication means for establishing communication with
a remote object; a controller sub-system 408 for processing
the signals received from the analog sub-system and for
controlling the function of the remote devices configured to
the general purpose controller chip. The analog sub-system
402 receives the analog signals in form of voltage and/or
current which are fed into an analog to digital converter
(ADC) 410. The analog signal is processed by the analog to
digital converter and passed to the controller sub-system
408. These high-frequency signals are being fed into a
comparator and checked against an operator-programmed
sensitivity level selected during the test setup. If this level is
exceeded, an interrupt signal is then fed into the CPU that
shuts down the system.

[0042] The digitized data from the ADC of the analog
sub-system is fed to the controller sub-system 408 and that
data is stored in various memory blocks. The controller unit
present in the controller sub-system 408 enables multiple
modulations on the same hardware, thus eliminates the need
to redesign the modem to support different modulation or
standards. Processed signals are injected back into the
remote device by the stage that drives a high output current.
The control can be done using a PWM (pulse width modu-
lator) control that support duty cycle resolution to enable
more control over harmonics and reduce sample-to-output
delay. The PWM controller samples the analog signals,
(such as current, voltage) received from the analog sub-
system and compares it to a reference signal and adjust the
duty cycle of its output signal according to a predefined
function. The adjustments are controlled by the hardware to
allow for very “fast reaction”. The higher level control is
performed by software algorithms through programming of
the PWM controller. The controller can adjust multiple
signals simultaneously to enable precise synchronization
between voltage and current changes. The controller sub-
system can directly communicate with outside systems (both
wired and wireless applications) via one of the serial inter-
face options including SPI (Serial Peripheral Interface) or
UART (Universal Asynchronous Receiver/Transmitter).
[0043] The controller sub-system 408 may comprise a
JTAG (Joint Test Action Group) block as debugging ports.
The JTAG block perform operations like single stepping and
break pointing. The DLL controller may also comprise an
AES 256 (Advanced Encryption Standard) that results into
secured and error free data. The controller sub-system 408
communicates through a standard SPI bus. The SPI allows
full-duplex, synchronous, serial communication between a
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host processor and peripheral devices. The data is trans-
ferred in the form of voltage and/or current to the receiver
end.

[0044] The communication means in the controller chip
400 may comprise a wireless modem 406 or a powerline
communication modem 404 or a combination thereof. The
wireless modem 406 and the PLC modem 404 comprise the
components known in the art and may include a transceiver,
one or more RAM, a preamble detector, a filter, an 1/O
control and a digital signal processor among others. The
wireless modem and the PLC modem communicate the data
received from the controller sub-system 408 to the remote
system through the analog sub-system. The analog sub-
system may include various optional components that aids in
transmitting and receiving signals to and fro between the
remote device and the communication means. For example,
a programmable gain amplifier in the analog sub-system
scales the received analog signal/digital signal that allows a
wide dynamic range and optimal signal processing by con-
trolling the gain of the received signal. The analog sensor
unit 402 may further comprise a phase locked loop (PLL)
that generates an output signal whose phase is related to the
phase of the input signal. A digital to analog converter
converts the digital signal received from the communication
means to analog signal and transmits the analog signal to the
remote object.

[0045] In an embodiment of the present invention, the
controller chip 400 can communicate with the remote device
through wireless communication. The wireless communica-
tion can be a variant of 802.115.4, a variant of 802.11 or a
variant of LTE such as LTE, Cat-M, IoT-NB. The wireless
communication means may include but are not limited to
wireless personal area network, ZigBee, wireless HART,
BLUETOOTH, Thread, wireless LAN network, Wi-Fi, Li-
Wi, MiFi, LTE, 3G, 4G, radio communication, LMDS,
WiMAX.

[0046] In an exemplary embodiment, the controller chip
400 can be used as a motor controller in electric motor. The
motor controller may include automatic means for starting
and stopping the motor, selecting forward or reverse rota-
tion, selecting and regulating the speed, regulating or lim-
iting the torque, and protecting against overloads and faults.
The motor controller receives input from one or more
sensors in form of analog signals such as voltage, current or
other analog signals. The motor controller then converts the
analog signals received from the sensor to digital signal and
generates instructions for controlling the electric motor
based on the signals received from the sensors. The motor
controller has an integrated communication functionality
which enables the motor controller to be in communication
with one or more remote device. The motor controller can
communicate by receiving and sending information from the
remote device.

[0047] In another exemplary embodiment of the present
invention, the controller chip 300 can be used as a LED
controller in LED lamp as the LED lamp requires commu-
nication and analog signal control, specifically voltage and/
or current, coinciding in one system. The LED controller
may receive input from one or more sensors, such as
ambient light sensor, occupancy sensor, temperature sensors
etc. and controls the operation of LED lamp by generating
instructions based on the parameters received from one or
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more sensors. The LED controller can also communicate
with a remote device using embedded communication func-
tionality.

[0048] The LED controller functions through LED driv-
ers. The LED drivers are usually switching mode devices
that convert an input voltage (Typically 120-220 VAC or 12
VDC) into a voltage at which the current drawn by the LED
Lamp is equal to its drive current. The LED drivers convert
higher voltage, alternating current to low voltage, direct
current. They also keep the voltage and current flowing
through an LED circuit at its rated level. The drive current
is regulated for optimum brightness, LED service life, and
battery life. Many LED applications require dimming. Two
types of dimming are available: analog and PWM. With
analog dimming, 50% brightness is achieved by applying
50% of the maximum current to the LED. Drawbacks to this
method include LED color shift and the need for an analog
control signal, which is not usually readily available. PWM
dimming is achieved by applying full current to the LED at
a reduced duty cycle. For 50% brightness, full current is
applied at a 50% duty cycle. A benefit of the PWM method
is that it enables dimming with minimal color shift in the
LED output. Dimming LEDs may lengthen the useful life of
LEDs, because dimming can reduce operating temperatures
inside the light source. LED drivers can also be used to
enable color-changing or sequencing. This can be achieved
by dimming a mix of colored LEDs in an array to change
colors.

[0049] In a “smart home” or “smart office” environment
the LED lighting or lamp is controlled remotely, thus
requires communication function along with dimming and
current regulation algorithms performed on the LED con-
troller system.

[0050] In another exemplary embodiment of the present
invention, the controller chip can be used as a battery
charging controller. The battery charging controller limits
the rate at which electric current is added to or drawn from
batteries. The battery charging controller act as a shunt to
prevent overcharging of batteries. The battery charging
controller can also communicates information to and fro
with a remote device.

1. A general purpose single chip controller for imparting
controlling, monitoring and communication functionality to
a device, comprising:

an analog sub-system to receive analog input signals from

one or more sensors;

a controller sub-system to process the analog input signals

and generating instruction for controlling the device;

a communication means to establish the connectivity and

communication with a remote gateway.

2. The general purpose single chip controller of claim 1
further comprising a module to determine a communication
standard for establishing connectivity and communication
with the remote gateway.

3. The general purpose single chip controller of claim 1,
wherein the analog signal may include but are not limited to
a voltage signal and/or a current signal.

4. The general purpose single chip controller of claim 1,
wherein the single chip controller can work as a LED
controller, a battery charging controller, a motor controller.

5. The general purpose single chip controller of claim 1,
wherein said one or more sensor comprises a temperature
sensor, a current detector, a voltage detector and the like.
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6. The general purpose single chip controller of claim 1,
wherein said one or more sensors measure controlling
parameters and sends the data to the single chip controller,
said general purpose single chip controller is programmed to
process the data coming off the one or more sensors in order
to perform the control and monitoring functions and to
implement a modem for establishing connectivity and com-
municating with the remote gateway.

7. The general purpose single chip controller of claim 1,
wherein the communication with the remote gateway is
made through a wireless modem.

8. The general purpose single chip controller of claim 1,
wherein the communication means may comprise a wireless
modem or a powerline communication modem.

9. The general purpose single chip controller of claim 7,
wherein the wireless standards is Bluetooth, Zigbee,
IEEE802.15.4, IEEE802.11, 3G, 4G, LTE and the like.

10. The general purpose single chip controller of claim 1,
wherein the controller sub-system comprises a pulse width
modulating controller that supports duty cycle resolution to
enable more control over smoothness of the analog signal
and reduce sample-to-output delay.
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