Energy Harvesting: Solar
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TI’s Broad Portfolio Provides the Total Solution
for Solar Energy Harvesting
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TI’'s comprehensive solar energy harvesting portfolio can including power line communications (PLC), Ethernet,
deliver the entire solar system solution. A broad selection CAN bus, and low-power RF solutions such as ZigBee®.
of analog, power management and microcontroller ICs are A variety of power management ICs can provide auxiliary
targeted at grid-tied central inverters, micro-converters bias supplies from either the DC or AC power rails.
and micro-inverters, as well as off-grid battery charging
solutions, to maximize the power point and provide the TI’s portfolio of high-performance analog ICs also provide
highest possible system efficiency. ideal front ends for MPPT power sensing and power line

communications; isolation to sensitive communications

DSP- and ARM®-based MCUs also provide system electronics; and relay drivers or power switches for

control and support communication technologies islanding in systems requiring UL1741 compliance.



© Central Inverter Solutions

Central, or “traditional”, inverters are centralized power control units that convert DC power from a string of 72-cell solar
panels to AC power for use on the electrical utility grid. These are usually large scale commercial or residential systems
producing in excess of 1 kW of power. Maximum power point tracking for the entire string is done only at the inverter box,
which may also include relays to “island” the solar system from the grid.
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© Micro-Inverter Solutions

Micro-inverters operate similarly to central inverter systems, but are installed on each individual panel and handle much less
power, typically 300 W. Micro-inverters provide the benefit of scalability for those who want to start small, yet have full
DC/AC conversion with MPPT, and expand later.
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© Micro-Converter Solutions

Micro-converters maximize the DC power point of a single solar panel and convert (down or up) the DC voltage to be
transported downstream to a centralized AC (grid-tied) inverter. Being located on each panel, these systems are lower power
(typ. 300 W) than centralized converters. These are sometimes called “optimizers” because they optimize the power of each
panel, increasing the overall efficiency of the system.
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e Battery Charging Solutions

Off-grid solar power systems often need to charge a battery, or array of battery cells, that provide continuous power to the
load when solar energy is no longer present. Often cost sensitive, in order to optimize the size, cost and usable power of the
storage elements, off-grid systems also require that the power point be maximized. However, this can be done by employing,
lower power and less complex MCUs than grid-tied systems or by employing a simple fixed power point — often set at 76%
of VOC. Loads such as LED lighting and motors may require additional power boosting and/or control.
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Q Energy Harvesting: Solar Solutions from TI

Visit www.ti.com/solar for more

Device ‘ Description . }
: — information.
Microcontrollers for MPPT, Communication and Control Panels
TMS320F280xx/281xx 32-bit, 100-/150-MHz fixed-point digital signal controller with flash TI's C2000™ high performance Piccolo™
TMS320F2803x Piccolo™ series 32-bit, 60-MHz fixed-point microcontroller fixed-point offer real time control with
) ) ) ) o integrated ADC and PWM control for
TMS320F2833x Delfino™ series 32-bit, 100-MHz floating-point microcontroller - .
greater energy efficiency to cost sensi-
MSP430F14x Ultra-low-power 16-bit microcontroller with 12-bit ADC; up to 60-KB flash and 2-KB RAM tive solar converter/inverter applications.
MSP430F21x1 Ultra-low-power 16-bit microcontroller; up to 8-KB flash and 256-B RAM www.ti.com/piccolo
LM3S8xx. LM3S6911 ARM® Cortex™-M3 application processors with multiple serial connectivity, security
LM3S8xxx ’ with encryption, ethernet MAC+PHY (LM3S6xxx and LM3S8xxx) and multiple CAN MACs The Delfino™ floating-point MCUs
(LM358x0x) offer the highest performance for MPPT
Gate and Relay Drivers and PWM control providing the highest
UcD7100 Digital control compatible single low-side +4-A MOSFET driver with current sense possible solar panel efficiency.
UCC2732x,UCC3732x | Dual 4-A MOSFET drivers www.ti.com/delfino
UCC27200 120-V boot, 3-A peak, high-frequency, high-side/low-side MOSFET driver TI’'s MSP430™ ultra-low power micro-
TPS281x Inverting high-speed MOSFET drivers with internal regulator controller is the perfect combination of
DRV101 (DRV103) 60-V (32-V) low-side power switch with PWM output drive up 1.9.A (3 A) low-power and high-performance analog
integration.MSP4 ffer: Vi for
DRV102 (DRV104) 60-V (32-V) high-side power switch with PWM output drive up 2 A (1.2 A) egratio ) S_ 30 offe S devices fo
low-cost grid-tied or medium power
TPL9201, TLP9202 8-channel relay drivers with brown-out detection oﬁ—grid solar MPPT applications.
PWM Controllers www.ti.com/msp430
UC28xx Current mode PWM controllers @ ) )
Stellaris™ real-time microcontrollers —
UCC28xx Current mode push-pull PWM controllers

based on the revolutionary Cortex™ -
Auxiliary Power M3 technology from ARM® — combine

TPS737xx 1-A LDO with reverse current protection sophisticated, flexible mixed-signal
system on-chip integration with unparal-

TPS734/5xx 250-mA/500-mA low quiescent current, low noise, high PSRR LDOs . ] . o

_ _ - : leled real-time multi-tasking capabilities
TL783 3-pin 750-mA adjustable positive voltage regulator with 125 V}y ideal for solar control panels and
TPS4005x Wide input-voltage synchronous buck controllers communication via ethernet or CAN
TPS54060 3.5-V/ to 60-V input, 0.5-A, 2.5-MHz step-down SWIFT™ converter with Eco-Mode™ bus. www.ti.com/stellaris

Analog for Current/Voltage/Temperature Sensing

TI's power management solutions offer

TMP1xx Digital temperature sensors a range of low dropout linear regulators
TLV246x Low-power, rail-to-rail input/output operational amplifiers and DC/DC converters for auxiliary/bias
OPA340. OPA350 _ ' _ ' _ 5 power. A wide array of analog and digital
OPA364: OPA365 Single-supply, high CMRR, low offset, rail-to-rail operational amplifiers PWM controllers and gate drivers provide

OPA2227, OPA2374 Rail-to-rail 1/0 CMOS precision amplifiers flexibility in the efficient implementation of
DC/DC conversion and DC/AC inversion.

INA159, INA198 High-speed, precision gain differential amplifiers .
www.power.ti.com

ﬁggggg ﬁggl ggg Four 1-bit, 10-MHz, 2nd-order delta-sigma modulators .

' . Tl also offers a large selection of
ADS1202, ADS1203 16-hit, 10-MHz current-shunt delta-sigma modulators high-performance digital temperature
DRV401 Sensor signal conditioning IC for Va¢ or LEM magnetic current sensor sensors, operational amplifiers, preci-
AMC1203 1-bit, 10-MHz, 2nd-order, isolated delta-sigma modulator sion amplifiers, delta-sigma modulators
AMC1210 4-channel digital filter for ADS120x family of delta-sigma modulators and filters for current shunt and magnetic

current sensing applications. For isolated
solar energy harvesting applications, Tl
also offers digital isolators and isolated
delta-sigma modulators.
www.ti.com/analog
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Q Energy Harvesting: Solar Solutions from TI

Device

‘ Description

Solar Battery Chargers
bq24210

bq24650

TPS61200

Capacitive Isolators and

800mA, single-input, single-cell Li-lon battery solar charger with power path
High-efficiency synchronous switch-mode charger controller for solar power
0.3-V input voltage boost converter with 1.3-A switches

Galvanic Isolated Transceivers

1S072x, IS0722x,
1S0723x, 1S0724x

1S055xx
1801177,1S037, 1S03088
1S01050

Wired Communications

1-channel, 2-channel,
3-channel and 4-channel, 560-Vp continuous, stand-alone signal isolators

2.5-Aisolated IGBT/MOSFET gate drivers
Galvanic isolated RS-485 transceivers

Galvanic isolated CAN transceiver

TMS320F28235
PGA112
OPA564

SN65LBC179, SN65HVD12,
SN65HVD308x

Power line communications, PLC modem
PLC AFE receive path: zero-drift, programmable gain amplifier with MUX
PLC AFE transmit path: 1.5-A, 24-V, 17-MHz, power operational amplifier

Differential (RS-485) bus transceivers

Low Power RF
CC1101

CC1020

€C259x%, CC1190
LED and Motor Drivers

Low-power, sub-1-GHz RF transceiver

Single-chip FSK/0O0K CMOS RF transceiver for narrowband applications in 402 to
470-MHz and 804 to 940-MHz range

RF front end attenna (CC1190 = 850 to 950-MHz)

TPS61165
TPS61500
DRV88xx
Other Analog

High-brightness LED driver with integrated 1.2-A, 40-V power switch
High-brightness LED driver with integrated 3-A, 40-V power switch

Full-bridge motor drivers

TLO5
LP211

Dual enhanced JFET precision operational amplifier

Single, low-power, strobed differential comparator with open collector and emitter outputs

Development Tools
TMDSENERGYKIT
TMDSPLCKIT-V2
CC2531EMK

Renewable energy development kit with TPM320F2308 controlCARD™
Narrowband PLC kit (SFSK/PRIME/G3/FlexOFDM™)
ZigBee® USB dongle development kit

Visit www.ti.com/solar for more
information.

For off-grid solar applications, cost-
effective fully-integrated linear battery
chargers provide the combined function-
ality of maximum power point control and
battery charge management into single
integrated solutions. Solar-optimized
switching battery charge management
ICs with external FET drive provide the
ideal solution for higher-power, large-
scale battery array charging applications.
www.ti.com/battery

TI’s low-power RF ICs include cost-
effective low-power RF transmitters,
transceivers, SoCs, RF front ends and
processors for short-range applications
in the sub-1GHz and 2.4-GHz frequency
bands. TI's industry-leading RF ICs meet
the stringent requirements for low system
costs, high integration, low power, and
flexibility — a total system-solution pro-
vider of hardware and software, as well as
a leading provider of ZigBee/RFACE/IEEE
802.15.4 technology. www.ti.com/lprf

Communication links form the solar
panels to the inverter/converter control
units or gateways are made possible
with the use of TI's family of RS-485
transceivers.

Power line communications hardware
and software solutions can be utilized
for communication links to both the solar
panel and onto the grid. www.ti.com/plc
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Tl Worldwide Technical Support

Internet

Tl Semiconductor Product Information Center
Home Page
support.ti.com

TI E2E™ Community Home Page
g2e.ti.com

Product Information Centers

Americas Phone +1(972) 644-5580 Asia
Brazil Phone  0800-891-2616 Phone
International +91-80-41381665
Mexico Phone 0800-670-7544 Domestic Toll-Free Number
Note: Toll-free numbers do not support
Fax  +1(972) 927-6377 mobile and IP phones.
Internet/Email support.ti.com/sc/pic/americas.htm Australia 1-800-999-084
. . China 800-820-8682
Europe, Middle East, and Africa Hong Kong 800-96-5941
Phone India 1-800-425-7888
European Free Call %%88%%/;37%%@37) Indonesia 001-803-8861-1006
International +49 (0) 8161 80 2121 m;asia ?85(;25;6255;3
Russian Support +7 (495 98 10 701 d
New Zealand 0800-446-934
Note: The European Free Call (Toll Free) number is not active Ph|l|pp|nes 1-800-765-7404
in all countries. If you have technical difficulty calling the free Singapore 800-886-1028
call number, please use the international number above. Taiwan 0800-006800
Thailand 001-800-886-0010
Fax +(49) (0) 8161 80 2045 Fax +8621-23073686
Internet support.ti.com/sc/pic/euro.htm Email tiasia@ti.com or ti-china@ti.com
Direct Email asktexas@ti.com Internet support.ti.com/sc/pic/asia.htm
Japan Important Notice: The products and services of Texas Instruments
Incorporated and its subsidiaries described herein are sold subject to Tl's
Phone Domestic 0120-92-3326 standard terms and conditions of sale. Customers are advised to obtain the
most current and complete information about Tl products and services
Fax International +81-3-3344-5317 before placing orders. Tl assumes no liability for applications assistance,
) customer’s applications or product designs, software performance, or
Domestic 0120-81-0036 infringement of patents. The publication of information regarding any other
) . . L company’s products or services does not constitute TI’s approval, warranty
Internet/Email  International  support.ti.com/sc/pic/japan.htm or endorsement thereof.
Domestic www.tij.co.jp/pic A122010

The platform bar, E2E, C2000, controlCARD, Delfino, Eco-Mode, FlexOFDM,
MSP430, Piccolo and SWIFT are trademarks and Stellaris is a registered trademark
of Texas Instruments. All other trademarks are the property of their respective
owners.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions  www.ti.com/Iprf
TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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