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Texas Instruments provides innovative, economical and Smart Grid & Energy Solutions Guide
scalable products for grid infrastructure, utility metering, grid Y Introduction and Overview
communication and renewable energy systems.

End-to-end products, tools and reference designs make the Grid Infrastructure

development process easier and meet standards for security, :4 Protf.ectl.on
compliance and long term reliability - all backed by TI’s global D Monltorln.g arld Control
system expertise that effectively combines complementary B  Communication
components into solutions for a Smarter Grid. i Power Quality
g8 Tl Reference Designs
Overview 9  Development Tools
Grid Infrastructure 10 Other Recommended Products
¢ Protection functionality values reliability and consistency in Smart Grid Communications

response to faults. TI's programmable gain amplifiers (PGA), Y3 Data Concentrator
ADCs and processor solutions uniquely address the .: ":ﬂ Power Line Communications (PLC)
requirements of grid protection. Y5  Wireless Communications
¢ Monitoring and Control requires the ability to accurately
monitor currents and voltages on the grid, some times on llzlfiustrial Energy Measurement
battery based solutions. This requires sensitive operational 4@ Utility Meters
amplifiers and low power MCUSs like the MSP430™. In cases Jd7  Industrial Energy Measurement
where heavier computation is required we have MCUs like Flow Metering
C2000™. 18 Overview/Flow Sensing Solutions
e Communication in power grid is migrating from serial 49  Reference Designs
interfaces based towards high speed/low latency Ethernet --(-)' e e e e T
based communication. Tl provides state of the art solutions to —
meet bandwidth, redundancy, and real-timing communication. Ffenewable Energy
22  Solar Power

¢ Power Quality products from Tl include multiple options for
analog front end design, with up to eight channels ADC capable
of up to 0.1% energy accuracy, or discrete solution with
amplifiers, multiple channels ADC, and MCU to reach flexible
system solution.

Solar Solutions
Solar Charge Controllers

100N
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Overview

Grid Communication

¢ Data Concentrator solutions from Tl include a 3-chip
solution and single-phase reference design system that
supports both G3 and PRIME standards and NIB (Network
Information Base) Management to handle 2000s PLC
Service Nodes and switches. Linux™ OS on Cortex-A8
to support MAC and above software stack. Learn more at

o Ethernet communlcatlon solutions include standard
networking stacks offering and Industry specific protocols
from third parties, such as IEC61850, IEC62439, PROFIBUS,
EtherCAT, etc.

¢ Serial Communication from Tl offers multiple options to
meet different application scenarios, such as isolated RS485,
non-isolated RS485, half- or full-duplex RS485, integrated
RS232 driver and receiver, etc.

o Zigbee® hardware and software for the ZigBee-Compliant
Platform (ZCP), certified by a ZigBee alliance-approved
test house WiFi SimpleLink™ CC3000: Self-contained
802.11 b/g solution enables easyto-implement Internet
connectivity with SmartConfig™ technology; embedded
Wi-Fi and networking software including drivers, stack and
supplicant; allows Wi-Fi implementation quickly without
previous Wi-Fi or RF experience.

e 6LoWPAN Sub-1-GHz product family includes the CC1180
network processor, CC430 complete system-on-chip (SoC),
CC1101/MSP430F5xxx platform and 6LoWPAN software
stacks.

¢ Wireless M-Bus solutions from Tl include Hardware and
Software Support for Both 169MHz and 868MHz.

Energy Metering

Energy-measurement solutions from Tl are designed to meet
all requirements of ANSI C12.20 and IEC 62053 accuracy

for Class 0.2 and Class 0.5 meters across the entire tempera-
ture range, with a full 2000:1 dynamic input range. TI’s electric
meter metrology solutions include sophisticated anti-tampering
protection to protect meter integrity and reduce non-technical
losses in the field. TI’s solutions for AMI networks include both
RF and PLC solutions, and also support most industry
standards, including IEEE-802.15.4g, PRIME, G3-PLC,
IEEE-1901.2 and ITU-G.990x. Find TI products dedicated to

Texas Instruments

Flow Metering

Flow meter solutions from Tl cover a wide gamut of
applications including Gas, Water, Heat meters and Heat Cost
Allocators (HCA) used to measure the gas or liquid that passes
through the meter. The solutions include Automatic meter reading
(AMR) and advanced metering infrastructure (AMI) technologies
adding an additional layer of intelligence to traditional meters.
These technologies improve meter reading efficiency and provide
accurate and timely biIIing Discover Tl products dedicated to

Grid Security

Grid Security is an important topic at Tl, which is current with
worldwide smart grid NIST, BSI and FIPS 140-2 security
requirements. From existing security software libraries to
hardware modules and associated roadmaps, Tl smart grid
security solutions ensure that developers invest in future-proof
solutions today.

Renewable Energy

Renewable Energy solutions from Tl are transforming power
through energy management innovation in areas such as
energy generation, conversion, distribution and control of
energy demand and resources. Tl’s dedicated energy lab is the
focal point for intelligent energy conversion and management
systems for accessible and cost-effective power delivery.

Industry Alliances

Industry alliances are a significant part of TI’s dedication to the
energy market. As a leader in the design and manufacturing of
smart energy system components, Tl maintains a leadership
role in the worldwide community of alliances and regulatory
organizations that support the global smart grid.

(See back cover for listings)

TIDésigns

Tl offers a robust library of dedicated system and sub-system
solutions for smart grid and energy applications. From protection
and monitoring to energy measurement and communication, Tl
Designs delivers a number of expertly crafted reference designs
that wiII help get your designs to market faster.
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Grid Infrastructure

Protection

Challenges with protection in Grid Infrastructure

The ability to operate the grid reliably (without false trips)

and yet respond quickly when a fault does really occur, is
significant challenge to grid operators. This challenge and
responsibility is amplified by the hugely expensive equipment
that sits on the grid that would be damaged if a fault is not

protected against. Trip time repeatability and consistency Device Description
across temperature are some of the critical factors involved. MSP430F674 Metering SoC with integrated ADCs providing accuracy of better
than 0.1%
Solutions from TI ADC8688 8 channel, 16 bit SAR ADC capable of 500Ksps operating on a
Compared with the majority of the electromechanical relays single 5V supply and handling input up to +10V
and circuit breakers that are still used for protection on our ADS1248 24 bit ADC with on board low noise PGA and a precision Delta
grid, the newer electronic solutions provide far more reliability | ____ Sigma ADC coupled with low driftreference
and consistency in response to faults. Low latency and PGA116/1 1_7: Provide 10 analog inputs and 4 pin SPI interface with daisy chain
. capability

programmable thresholds are also important for breakers. __ , ) ) "

e . . LM293 Dual differential comparator with the ability to operate from a
An example of an Air Circuit Breaker system block diagram is single or dual supply sources
shown below. Tl has Op-Amps, ADCs and processor solutions TP$55010 Transformer driver designed to provide isolated power for isolated
that address several of the subsystems shown below. interfaces. 2W capable with 2.95V to 6V input handling

L-M-Gj Precision temperature sensor. Linearly proportional to Celsius

Low Power/Low Noise AFE for Circuit Breakers (+15.5mV/C)
(TIDA-00128) is designed with high precision/low offset yc_cgs_n_o;zg Family of flyback controllers for AC/DC conversion. External FET

) . allows usage to very high voltage/wattage levels
OpAmps. The solution enables pick-up accuracy at +10% —— Relay driver. Hidh voltace. hidh i |
and time delay accuracy at 0 to —-20% with better trip time JPLZAOTL Of ggo?,wgh igh voltage, high current array of 7 drivers capable
repeatability for breakers. AMC1305 Re-enforced isolated Delta-Sigma modulator handling isolation of

7KV peak and 10KV surge

i it ireus £S§7:1 §224:1 IZI(J:/:if Small-footprint, low power 2500 VRMS Quad and triple-channel

;rog;amm;t;i C(E)z:nslgmpllfler ba:eg ’;gif‘ir C'rr‘]’.”'t " | digital isolators with noise filter
.rea el"s ( e ) uses zero dri stoac Igve TPS3831/9 Ultra-low current 150nA, ultra-small, voltage supervisor
size optimized solutions that are accurate across a wide . o
L3671 2MHz, 600mA step-down DC/DC converter with adjustable output

temperature range.

ACSupply—»I AC/DC |_>| DC/DC | | Supervisor

Comparators for 2C,
over threshold, etc.

gurent [0 S M I_.| Reguistorwitn || oo | Loo TiDesign; Description o

Input T controrom moU O S T TIDA-00128 Low-power, low-noise analog front end design for circuit breakers
ontrol from upply —— v e e e - -

] Zone Selected TIDA-00130 Programmable gain amplifer-based AFE for circuit breakers

| Protection Path | Interlocking | |0 TP 20

! S i [2s1zs0) TIDA-00307 Sensor inputs AFE for merging unit and protection relays

: . Lo,y A TiDA-00110 Non-isolated multi-channel RTD with SPI for transformer/

h urrent o) U McU1 i RS485 | —— | === me B

i Sensor | 5| M e ) generator protection

l npu _l—.|—|_> ------

i — pli | L ‘s—| TIDA-00080 Isolated shunt based current/voltage measurement

1 1 upercap | _ _ _ _

h S 1 °'°l°" ] RS232 TIDA-00127 30W ultra wide range power supply for protection relays

] (Diagnositics) - 1 Y

(S — w - |—> TIDA-00227 Small form factor, 12W, ultra wide range power supply for

! Voltage Ig! f L V7| anc El eus r protection relay

" nput A c "lc

i " — Amp‘l’ifier‘l3 S.I:':'S‘zr > L

—oomo} [

* Including ground current fault
** Internal or external ADC driven by measurement performance needs

Air Circuit Breaker System

Small Form Factor, 12W, Power Solution (TIDA-00227)
uses a fly back converter to achieve a high efficiency
power solution that is capable of handling a an
ultra-wide input for a variety of platforms.

Products for Protection Solutions

Tl Designs for Grid Protection
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Grid Infrastructure
Monitoring and Control

Challenges with Monitoring and Control in Grid
Infrastructure

One of the critical aspects of the “smart grid” is the ability to
monitor and control the grid enabling optimal management of
assets. To do this grid operators need solutions that are able to
detect faults but also respond to the fault. The challenges here
include detection accuracy, handling the fault condition reliably,
as well as communicate and operate in low power modes when
running on back up battery.

Solutions from TI

Tl has solutions and products for a wide range of
monitoring and control applications, including protection
relays and MCCBs.

Self/Dual Powered Supply for Grid Solutions (TIDA-00229)
The TIDA-00229 enables device powering through either CT or
auxiliary power. It’s a flexible solution, with a MOSFET based
shunt to generate supply voltage needed.

Analog I/0 and Digital Output Module for IEDs (TIDA-00310)
Analog /0O and digital output cards have been widely used

for monitoring and control purposes in substation automation
devices such as RTUs, bay controllers, MFPRs, etc. The

signals with higher sampling rate (up to 500KSPS), and also

implements a flexible analog output solution with a configurable

current or voltage output. As to digital output, this design can
support higher current drive capability (up to 500mA) for large
relays with simplified isolation and connectivity design.

+3.3VDD  +5VA

Products for Monitoring and
Control Solutions

Device Description
MiSP430F5328 | Ultra low power consumption, wake up from standby in 3.5uS,
built-in ADC
0PA4314 Low power (Iq of 150uA/ch), low noise with wide bandwidth. Grad
balance between cost and value
TMS320F28332 | Up to 150MHz (6.67-ns cycle time), high-performance 32-Bit CPU
with IEEE-754 single-precision Floating-Point Unit (FPU)
BVI3357 800MHz ARM Cortex-A8, 2 PRU-ICSS Crypto accelerator, 2-port
switch 10/100/1000, multiple 10 and serial interfaces
YPS62740 360-nA Iq step-down converter with integrated load switch and
4-pin voltage select
ygs;yj Full bridge driver with low mosfet on resistance option Vs. High
PL7407L voltage, high current array of 7 drivers capable of 600mA/ch
SNB5HVD7x Half and full-duplex 3.3V transceivers, data rate options from
250Kbps to 50Mbps with high IEC ESD protection
L4043 Precision voltage reference. Ideal for space constrained
applications. Available in extended temperature range
Cc27524A Dual channel, high speed, gate driver capable of up to 5A peak and
extremely low propagation delay
[_Jc_cgsg1_d 700V Integrated FET, switcher for AC/DC conversion with primary
side regulation
LP5907 250mA LDO with low noise, high PSRR and low Ig features
[Ni5017/8/9 100V, 600mA synchronous step down buck with excellent transient
response
Tl Designs for Monitoring and Control
Tl Design Description
‘ Self/dual powered supply for grid solutions
‘ Measurement module for branch circuit power monitor
‘ Measurement module for branch current monitor
‘ Analog I/0 and digital output module for IEDs

SPI Bus 16 Bit 8 Ch

CS Signal for
SPI, 12C ADC and DAC
Interface
Connector
for TIVA
Board

+3.3VDD +15Vi

Protection
Circuit

2 Voltage Input
0to 10VDC

—

Burden
Resistor

2 Current Input
4 to 20mA

—

16 Bit DAC
DAC8760

12C Bus 12c

Protection
Circuit

Expander
TCA6408A

MISO
(Daisy Chain)

Voltage Output 0 to 10VDC

—

or
Current Output 4 to 20mA

16 Bit DAC
DAC8760

Output Ports

Protection
Circuit

for High
Current Drive

bt T

+15Vi +3.3VDD

—| LDO TPS7A1650 +5VA

+15Vi

—| LDO TPS7A1633 +3.3VDD

Output Ports

[ +15Vi for High
Power . Current Drive
Supply [ -15Vi Relay Coil Voltage
Input

- GND

+5VA Jumper 24V Relay
—> Setting
Coil Voltage

Texas Instruments

Voltage Output 0 to 10VDC

=

or
Current Output 4 to 20mA

Relay Coil Voltage

Relay Coil Voltage

3

Relay Coil Voltage

¥

|

-—

| N

~—

TPL 7407L
6 Channel
Relay Driver

—| 0000000 |——-

[<+—> 24V Relay

Coil Voltage External Board
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Grid Infrastructure
Communication

With large amounts of intelligent end points, peer to peer control,

Products for Communication Solutions

and distributed energy resources, modern grid infrastructure Device Benefits
requires reliable, scalable, secured, high data volume and low Sitaram j;ﬁg_:i_s'sj;é  Up to 1-GHz Cortex-AB 32-bit RISC microprocessor
|a‘[ency communications. A Variety of communication options (AM335x Series) o Extensive peripheral set (2x 10/100M Ethernet, CAN,
. . . USB, 8x UARTSs extended from PRU, ...)
could be chosen, such as microwave, wireless, fiber, Ethernet, or * Flexible communication protocols
Satellite. The applications include IEC61850 Gateway, Protocol . Hﬂ‘éﬁ ] d%%mm”"”y' Android”™, Windows
Convertor, Serials Servers, Copper to Fiber Convertor, GPS Time ita™ € Seics ARM « Up to 80-MHz core
Master, Data Concentrator, GSM/GPRS Modem, etc. Cortex-M4-Based MCUs * 256KB single-cycle flash, 32KB single-cycle SRAM
(TM4C123x Series) * Rich interface featuring 8x UARTSs, USB, CAN, up to
Below is one example for IEC61850 Gateway, which is used 43 GIPOs, etc. i
. . - . ® 2x 12-bit ADC with 12 analog input channels
for mapping signals between the IEDs and utility substations , g ) T .
€C3100 CC3100 SimpleLink Wi-Fi Consists of Wi-Fi Network

providing reliable communication with IEC62439 redundancy,
and supporting protocols conversion (such as Modbus
TCP/Serial, DNP3, IEC60870, wireless, etc.)

One of the key design challenges is the MPU selection, which
should have enough peripherals to handle different
communication interface, and advanced networking stack
processing capability. Tl Sitara processor family enables
developers to easily add multiple connectivity options including

Processor and Power-Management Subsystems

MAC & PHY layer processor for narrow band power line
communication

PWM controller with external BJT with Primary side
regulation/PWM controller with external FET with
opto-coupler feedback

4.5V to 17-V input 2-A and 3-A output respectively;
DC/DC Step-Down Converter, adaptive on-time
D-CAP2™ with advanced Eco-mode enabling high
efficiency over load range, fast transient response,
allows use of low ESR caps, SOT-23 package

<1GHz (LPRF), general packet radio service (GPRS), ZigBee®, TLV71310/11/12/15/18 Capacitor-Free, 150-mA LDO with 1.5% regulation
Wi-Fi, near field communication (NFC) and multiple PLC o o, Generation LDO was designe o
standards. Furthermore, ICSS-PRU (Industrial Communication SNE5HVD231 3.3V CAN Transceiver with Sleep Mode
Sub-System - Programmable Realtime Unit) engine can perform 1PSE5010A PMIC - Integrated Power Management IC with 4
very low latency data packet processing to meet IEC62439 o DC/DCs, 8 LDOs and RTC in 6x6mm QFN
Ethernet redundancy requirement, at the same time, the bPg3848K Lﬂ{;?nﬂlgt;‘esrﬂgammn‘g gm to 130 meters,
IEC61850 substation stack could be running on the Sitara™ [S03080/82/86/88 Isolated 5V’half and full-duplex transceivers, provide

processor core. It will bring BOM and power consumption
optimized SOC solution for most of IEC61850 gateway

2500 VRMS of Isolation

applications. Tl Designs Associated with

Grid Infrastructure Communication

Tl Design Description
Industrial Ethernet PHY Brick with Fiber-Optic Interface
R EMI Compliant Industrial Ethernet PHY Brick Reference Design
Koy inputs e e Serial-to-Ethernet Converter

Small Form Factor Isolated RS485
Media Converter - RJ45 to Fiber Converter

IEC 61850 Demonstration of Substation Bay Controller on Beaglebone
Cape and Starter Kit

i

1 1

<:> RS232
Transceiver
Quad UART
- Expander RS485
<::> Transceiver

CAN PHY
802.11 Wireless
Transceiver
Buffers, Latches
and Level Shifters

LED Drivers

i

10/100 or GbEPHY
(Copper/FO)
IEEE1588

Reset/Watch
Dog timer

I
i

ESD
Protection

N U |y
5v
230V AC AC/DC

3.3V

sV 1.8V
LB 1.0V

Power
Management-
PMIC

NAND FLASH

111

LIAE

SDRAM DDR2/3
Battery Backup
of Data

IEC61850 Gateway
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Grid Infrastructure
Power Quality

Power quality equipment is critical to analyze the power system
and make decisions about purchasing, generation, cost
reductions, and process optimization. Poor power quality can
cost more on utilities and end users, from physical damage

to equipment/system downtime, lower productivity yields
increases in energy costs. In general, the key power characters
will be measured and monitored, including current, voltage, real
and reactive power, harmonic, waveform, energy use, cost of
power, power factor and frequency. The applications include
Power Quality Analyzer, Revenue Meter, Power Meter, Panel
Meter & Sub Meter, ABT Meters, DC KWH Meters, Demand
Indicator, VAR Compensation (PFC), Phasor Measurement Unit.

As one example of power quality devices, Smart Combiner Box
(SCB) has been used in solar DC strings. SCB monitors current
across solar DC strings (up to 48 strings) that are paralleled

to generate the required power and has the features, such

as Current Rating (30A/5A/10A/3A), Voltage Rating (600VDC

to 1000VDC), Accuracy (1% for Voltage/Current, 2°C for
Temperature), Power Supply (24V Auxiliary power or 600VDC

~ 1000VDC), Communication (Modbus , Low power RF, or
Bluetooth®).

Tl provided multiple options for analog front end design, such
as SOC option with low power MSP430™ MCU with up to 8
channels ADC, or discrete solution with amplifiers, multiple
channels ADC, and MCU to reach flexible system solution.

A rich portfolio is also suggested from below table for AC/DC,
DC/DC and LDO power solution, ESD protection and isolated
communication interface.

Analog Switches
for Gain Control

1 1

Hall

|

| s CT Signal
| Sensor

\

i

Conditioning

Amplifier | ADC

Amplifier

>

Hall Sensor
Amplifier

a
=
5
3
=
=
o
123
<
Q
]
]
T

@

Strings can
be extended
up to 48 DI

Comparator

Products for Power Quality Solutions

Device

Cortex-M4-Based MCUs
(TM4C123x Series)

SimpleLink™ £C1200
SimpleLink™ £C25401

Benefits
512KB flash, 320 segment LCD, RTC with battery
back-up power management

e Up to 1-GHz Cortex-A8 32-hit RISC microprocessor

o Extensive peripheral set (2x 10/100M Ethernet, CAN,
USB, 8x UARTSs extended from PRU, ...)

o Flexible communication protocols

o Linux® community, Android®, Windows® Embedded

o Up to 80-MHz core

© 256KB single-cycle flash, 32KB single-cycle SRAM

* Rich interface featuring 8x UARTs, USB, CAN, up to
43 GIPOs, etc.

® 2x 12-bit ADC with 12 analog input channels

Quad, 3MHz, Low-Power, Low-Noise, RRI/0, 1.8V CMOS
Operational Amplifier

4/6/8-channel, up to 24-bit AZ, simultaneous sampling
up to 64 kSPS, 107-dB SNR

inputs off +5V supply

0.6/1.6MHz Boost Converters with 40V Internal FET
Switch in SOT-23

Ceramic Output Capacitors
Low-power, high-performance RF transceiver

SimpleLink CC2540T 2.4-GHz Bluetooth Low Energy
Wireless MCU

Isolated PROFIBUS RS-485 Transceiver

High Speed CMOS Logic BCD-to-7 Segment
Latch/Decoder/Driver

AFE for relay protection, power monitoring, power quality,

SAR ADC with 16 bits, 8 channels, 500 kSPS, and bipolar

500mA Low Dropout CMOS Linear Regulators Stable with

Tl Designs for Power Quality

Tl Design

Description

High Accuracy Three-Phase Electricity Meter with
Tamper Detection

ESD
Protection

Isolated Wirelesss
POR RS485 LRP/BLE
LED Driver
Mcu @)

Temp Sensor
Reference

Power Supply
»| " bcioc v
600V DC

+15V
-15V
5v

Status and
Control Outputs

Isolated
DC/DC

24V DC E P°"§é ,?;g’p'y

}ﬁ{

LDO

}—P 3.3V

Smart Combiner Box (SCB)

Texas Instruments

Relay Output
Drivers (6)
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Grid Infrastructure
T1 Reference Designs

Isolated Shunt based Current/Voltage Measurement

TIDA-00080

This isolated shunt based current measurement unit enables high accuracy current Solution Highlights

measurement without the use of Current Transformers (CT). The isolation is achieved e High accuracy current/voltage
through the use of AMC1304 that incorporates both high voltage isolation as well measurement capability INL: 0.4ppm
as the Delta-Sigma Modulator. This solution eliminates the need for the CT which o 0.25% from 0.5A to 10A

customers value due to the decrease in board size, reduced product weight, mitigation o 1% from 10A to 200A

of cross talk and EMI in the system, and potentially increases product life through e Eliminate the CT for current sensing
lower mechanical issues by replacing the CT with a shunt. e Mitigates cross talk and EMI in system

e Extend product field life (reduce
mechanical issues) and shrinks

board size
Branch Circuit Power Monitor
TIDA-00222
This reference design targets measurement accuracy across the rated current range Solution Highlights
while at the same time being a cost efficient solution. This is achieved by using a highly e Precise current measurement through
integrated SoC device which has up to 7 channels of the 24-bit Delta-Sigma ADCs 7 channels of Delta-Sigma ADCs
available for current measurement. For voltage measurement a 10-bit SAR ADC is used. o <1% from 10% to 100% of rated
With both current and voltage available, power measurement can now be made. This current (controlled by CT and
solution also has several options for communication supported such as UART, JTAG, burden resistor)
etc. Applications include load management, sub-panels, etc. ¢ \oltage measurement enabled with

integrated SAR ADC

e Extended temperature range
operability of -40°C to +105°C

e Integrated single chip solution results
in a cost and area efficient solution

e Large MSP Family and roadmap/scale
performance, features, price

¢ Metering library available in source
for use on MSPs

¢ Value conscious, easy to use
development tools and reference
designs/fast time-to-market
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Grid Infrastructure

Development Tools

Reference Design Solutions

Name
Analog Front End Sub-System

Isolated Current/Voltage Sensing Module
with Delta-Sigma Modulators

Low-Power, Low-Noise Analog Front End Design
for Circuit Breakers (ACB/MCCB-ETU)

Zero drift PGA based Analog Front End Design
for Circuit Breakers (ACB/MCCB-ETU)

Non-isolated Multi-channel RTD with SPI
for Transformer/Generator Protection

Analog Front End Design for Merging Unit
and Protection Relay

Analog I/0 + Digital Output Module
for Smart Grid IEDs

Branch Circuit Power Monitor

Branch Current Monitor

30W Ultra Wide Range Power Supply
for Protection Relays Reference Design

Self or Dual-Powered Supply for Protection Relay,
MCCBs and ACBs Ref Design

12W Ultra Wide Range Power Supply
for Protection Relay

32-bit ARM® Cortex™-M4F MCU based Small
form factor Serial-to-Ethernet Converter

Industrial Ethernet PHY Brick with
Fiber-Optic Interface

Industrial Ethernet PHY Brick with
Fiber-Optic Interface

Small Form Factor, Half-Duplex with
Is0 and Non-Iso RS485 Interface

Media Converter — Copper to Fiber
Optic Converter

Isolated Serial Communication Module

IEC 61850 Demonstration of Substation Bay
Controller on Beaglebone Cape and Starter Kit

\ Description

This solution eliminates the need for the CT which customers value due to the decrease in board size,
reduced product weight, mitigation of cross talk and EMI in the system, and potentially increases product
life through lower mechanical issues by replacing the CT with a shunt

Utilizing a low cost op amp, this design provides a pick-up (A) accuracy +10% and time delay (s) accuracy
0 to —20%. Additionally, this design takes harsh environment conditions in mind with features such as
ambient insensitivity from —10°C to 70°C and high electromagnetic immunity

Utilizing a zero drift programmable amplifier, this design provides a +10% pick-up (A) accuracy

and time delay (s) accuracy of 0 to —20%. Additionally, this solution was designed to handle harsh
environment conditions by including features such as ambient insensitivity from —10°C to 70°C and high
electromagnetic immunity

This design handles up to 4 RTDs, the architecture enables modular approach to expand the number of
RTD. The measurement accuracy targets <1°C and wide temperature measurement range.

This implementation is modular, allowing easy expansion of channels while at the same time keeping the
connectivity to the processor minimal by using the SPI daisy chain feature in the TI's SAR ADC

This design provides four Analog Inputs to measure two current inputs (0 to 20mA /0 to 24mA /4 to 20mA
DC) and two voltage inputs (0 to 5V/0 to10V DC). Two Analog DC output channels are configurable as either
current output or voltage output. Accuracy can reach to +0.2% at full scale value at 25°C.

This design uses a highly integrated SoC device which has up to 7 channels of the 24-bit Delta-Sigma
ADCs for current measurement and a 10-bit SAR ADC for voltage measurement. It could be applied to load
management, sub-panels, etc, applications.

This design uses a highly integrated SoC device which has up to 7 channels of the 24-bit Delta-Sigma
ADCs available for current measurement

With ultra-wide range of both AC (88 to 276V AC) and DC (24V to 250V DC) inputs, this power supply
module is designed to output industry standard voltages (such as 12V and isolated 6.75V) required in
many Protection Relays while also providing excellent line and load regulation (<+3%)

The solution handles the current inputs both from a Current Transformer and from an auxillary source to
provide maxium power design flexibility. The excellent load transient performance and very sharp turn-on
characteristic is very important to circuit breaker ETU and relay design

With ultra-wide range of both AC and DC inputs, this solution has been engineered for high wattage with
good efficiency and has also been pre-compliance tested for IEC61000-4 (EFT and Surge) and CISPR 11
Class A

This design demonstrates bidirectional switching and transmission between serial port and Ethernet port,
which enable legacy equipments only having serial communication in power grid still can communicate
with new Ethernet based modernized equipments

This design features a low power, low cost design to meet different bandwidth and different transmission
distance needs. IEC61000-4-2-Level 3 ESD performance has been tested on this design to comply with
IEC specification

This design implements an isolated data converter that utilizes residual power from the interface to power
itself. This removes the requirement for expensive power transmission across the isolation boundary.

This design will enable customers to quickly evaluate and design with TI RS485 devices for 3 different
application scenarios, with an isolated power supply provided in this design

This design uses the DP83849 evaluation board to implement a 10/100BASE-TX to 10/100BASE-FX media
converter, which enables copper based legacy equipment to be easily connected to a fiber network

This reference design provides a simple means through which to isolate 12C or SPI type communication
lines, which are often required in Grid Infrastructure applications where high voltages are involved

A low cost, simplified implementation of an IEC 61850 Substation Bay Controller is demonstrated by
running the Triangle MicroWorks IEC 61850 stack efficiently on the TI AM335X platform

Tl Design

Sensing Sub-System

Power Sub-System

Communication Sub-System
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Grid Infrastructure
Other Recommended Products

Signal Chain

Device
Digital Isolation

Description and Benefits

High performance, High immunity, 5700 VRMS Reinforced Quad and Dual-Channel Digital Isolators
Robust EMC, Low power enhanced 3000 VRMS Quad-Channel Digital isolators with noise filter

RS485 (Isolated & Non-Isolated)

Half and Full-Duplex 5V Transceivers, 200Kbps/1Mbps/20Mbps data rate options with very low supply current RS485 Interface

Can Controller (Isolated & Non-Isolated)

is01050

4.5V to 5.5V Supply voltage; —27V to 40V Bus fault voltage; Flexible Data rate (FD) up to 2Mbps

Galvanically isolated CAN transceiver that meets the specifications of the IS011898-2 standard
(up to 5000 VRMS for ISO1050DW)

7 low o/p impedance drivers minimizing power dissipation, 140mA/Channel, 1A when tied together,
20V capable o/p pins

IEEE 1588 Precision Time Protocol Transceiver for real time industrial connectivity. Packet time stamps for clock
synchronization

12/14/16 bit 6-channel simultaneous sampling ADC, supports up to 730kSPS in parallel i/f mode, up to 91dB SNR
12/14/16 bit 8-channel simultaneous sampling ADC, supports up to 650kSPS in parallel i/f mode, up to 91dB SNR

8 channel, up to 16bit, simultaneous sampling AFE for relay protection, Power Monitoring, Power Quality, up to 8kSPS,
103dB SNR

1/4/8 channel, up to 24bit, simultaneous sampling AFE for Power Monitoring, Quality and Protection,
up to 144kSPS, 111dB SNR

Fully-Differential Isolation Amp for Energy Metering, Si02 barrier up to 4250 VPEAK and resistant to
magnetic interference

Type

Digital Isolation
Digital Isolation

Can Interface
Isolated Can Interface

Relay/Actuator Drivers

Relay

Interface

Interface
Interface

D-S A/D Interface

Interface

Analog Isolation

AMC1204 20MHz, Second-Order, Isolated Delta-Sigma Modulator for Current-Shunt Measurement, Si02 barrier up to 4250 VPEAK | Analog Isolation
AMC1305 Re-enforced isolated Delta-Sigma modulator handling isolation of 7KV peak and 10KV surge Isolated A/D
DPA4188/71/40 Wide Vs: +4.0V to +36V (+2V to +18V), low offset voltage, near zero-drift, low lg, high input impedance and rail-to-rail Interface
output swing
OPA4277 Vs: operate from +2V to =18V, ultra low offset and drift, low I Interface
L4050 Precision Micropower shunt voltage reference, external stabilizing capacitor Voltage Reference
Ll\-ll\iﬂi-ﬂ: 1.24V shunt regulators capable of adjustment to 30V Voltage Reference
BSD |
TPD1E10B06/B09 Single r{‘:hannel ESD protection in small 0402 package, +30KV IEC air-gap, over 30KV contact, bipolar or bidirectional signal | ESD protection
suppo!
TPD4E1U08 Quad channel ultra low cap ESD device, offers +15KV IEC air-gap and +15KV, suitable for multiple applications like USB ESD protection
TPD2E007 2-channel ESD protection offers system level ESD solutions for wide range of industrial applications like RS485, RS232 ESD protection
IMP102 +0.5°C accurate from —20°C to +85°C Two-Wire, serial output, Two-Wire and SMBus interface-compatible Temp. Sensor
IMPO06/7 IR MEMS temperature sensor. Enables contactless temperature measurement. Local accuracy +1°C from —0°C to +60°C Temp. Sensor
TMP75/LM75A +1.5°C to +3°C accuracy depending on temperature range, features SMBus and two-wire interface Temp. Sensor
ENIEE Resistor-Programmable Temperature Switch and Analog Temperature Sensor. The trip temperature (TTRIP) is programmable Temp. Sensor
(256 points) by using two external 1% resistors
TSC306( Capacitive touch up to 3.2" Touch/Key Pad
TSC2046E Resistive Touch Touch/Key Pad
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Grid Infrastructure
Other Recommended Products

Power

Isolated AC/DC

Device Description and Benefits

iUcc287107700 PWM controller with/without Integrated 700V startup switch. Constant-Voltage, Constant-Current Controller with Primary-Side
Regulation, QR Green mode, Optocoupler less feedback, very low no-load power, High efficiency

Type
AC/DC Supply

Device Description and Benefits
| TPS5401 Cost-optimized 42-V, 0.5-A step-down DC/DC converter; Cap-drop off-line power supplies

TP$54060/160/260 DC/DC switching power supply: 60-V, 0.5-A/1.5-A/2.5-A step-down DC/DC converters with ECOMode for light load efficiency
and very low Iq

Device Description and Benefits

TPS54478 2.95V to 6V Input, 4A Output, DC/DC switching power supply: 2MHz, Synchronous Step Down

TPS5432 2.95V to 6V Input, 3A Output, Value concious, 700kHz Synchronous Step Down Converter

TLV62084 2.7V to 5.5V input, 2-A output, 2x2mm SON, synchronous DC/DC step-down converter, DCS-Control for fast transient
response

LM3671 2.7V t0 5.5V Input, 600mA output, 2MHz, Step-Down DC/DC Converter optimized for powering low voltage circuits

'.I_'-L_\76_-21_1-8§ 2.5V t0 5.5V Input, 1.2A step down converter in 2x2mm package and high efficency over wide output current range

:[I-’_S-§2-_5§_d 2.5V to 5.5V input with up to 600mA output, Synchronous step down converter, optimized for low power or battery
applications

TP$62175 28Vin, 500mA output, 2x3mm SON, synchronous DC/DC step-down converter with Sleep Mode

Device

4.5V to 17-V input 2-A and 3-A output respectively; DC/DC Step-Down Converter, adaptive on-time D-CAP2™ with Advanced
Eco-mode enabling high efficiency over load range, fast transient response, allows use of low ESR caps, SOT-23 package

LMR12010 20V)y 1A Buck regulator.30nA low shutdown Iq and switching up to 3MHz. Offers internal softstart, Current-mode
PWM control

TPS§61230/51/91" High Efficiency Synchronous Boost Converter with integrated 5-A Switch

TPS63060/% DC/DC buck-boost regulators: 2.5- to 12-V input voltage with 93% efficiency and 2.25-A switch-current limit

LM2733 0.6/1.6MHz Boost Converter, Has 40V integrated FET switch with low RDSon. Offers cycle-by-cycle current limiting

i_.l-V_|5-96_1: 75V integrated MOSFET with a 1 Amp peak current limit for Boost & SEPIC implementation

LITI_IS-]fi_d 65V, 1.5A Constant On-Time Synchronous Buck Regulator. Can also be configured in flybuck mode

LM25017 42V, 2A Constant On-Time Buck Regulator with Adjustable Current Limit

LNiZ30604 4A SIMPLE SWITCHER® Power Module with 2.95V to 6V Input in QFN package

Description and Benefits
500mA, low dropout, CMOS linear regulator with tight output tolerance and excellent AC performance
200mA LDO with low Iq and tight output regulation (2% typ). Offers excellent line and load transient performance

Description and Benefits

TPS6529d Power Management IC for smart grid space

1PS650250 Low-cost PMU for AM335x

TPS6525(1 Power Management IC for smart grid space with “last gasp” storage and release circuit

Device Description and Benefits

TPS370( UV, 0V window voltage monitor with wide operating voltage range

TLV803/809/81( Industry-standard Violtage Supervisor with 200ms reset delay

TP$3808 Highly accurate (0.5% typ) supervisor with low I and adjustable reset delay

Device Description and Benefits

B'Qiﬁ_ﬂ Highly integrated 1 to 3 cell Li-ion/Li-polymer charger with battery detection, pre-conditioning, charge monitoring
and termination

B025504 Ultra-low-power boost converter with battery management for energy-harvester applications

Type
Step-Down Regulator
Step-Down Regulator

Type

Step-Down Regulator
Step-Down Regulator
Step-Down Regulator

Step-Down Regulator
Step-Down Regulator
Step-Down Regulator

Step-Down Regulator
Step-Down Regulator

Step-Down Regulator

Buck-Boost Regulator
Buck-Boost Regulator
Step-Up/Boost Regulator
Step-Up/Boost Regulator
Step-Down Regulator
Step-Down Regulator
Step-Down Regulator

PMU
PMU
PMU

Type

Voltage Supervisor
Voltage Supervisor

Voltage Supervisor

Type
Battery Charger

Boost controller, Battery
charger, MPPT controller
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Smart Grid Communications

Data Concentrators

Advanced Metering Infrastructure (AMI) networks are the Tl AMI data concentrator solution provides a secure, high
foundation for Smart Grid deployments around the world. performance reference that maximizes the number of end
AMI provides the two-way communications necessary for points serviced and therefore reduces the utility’s overall
utilities to automate billing, remote connect/disconnect cost of deployment. The data concentrator solution supports
of individual meters, and implement demand response both wired AMI networks such as PLC and wireless AMI
programs. AMI networks also provide the ability for networks using low-power RF mesh or star topologies.
real-time monitoring of grid operations and immediate For PLC networks using the PRIME or G3-PLC standards,

notification of outages to speed utilities’ ability to
respond and restore power to energy consumers quickly
and efficiently.

Tl offers a complete software solution which separates the
real-time functions into the F28PLC91 processor while keeping
the upper levels of the stack on the AM3359 host MPU running
Data concentrators play a key role in AMI networks as they Linux. This allows developers to write applications in a familiar
are the point of interaction between the utility’s central environment quickly and easily.

operations network and individual end points. The data

concentrator nodes securely aggregate data from a

network of meters sends it to utility servers.

Hardware Features

Evaluate TIs solutions for
data concentrator based
on ARM® technology.
Support up to 2000 nodes
G3-PLC standard,

Isolation to prevent damage
from high-voltage currents ~

PRIME standard,

Three-phase PLC module support — — —
IEEE-1901.2 standard

On-board 120-/240-V power supply — — —

AM335x processor:
Supports control and data o Sitara™ processor for upper-level
communications: data concentrator stack and
2x Ethernet, 3-phase PLC communications
interface, sub-1-GHz  Full Linux BSP supported by Tl
and 2.4-GHz RF,
2x RS-232, 3x RS-485

Temperature sensor — — —

Sub-1-GHz and 2.4-GHz RF — — —
Infrared receiver and transmitter — — —

Designed to best practices 2xUSB ===

for high-speed systems:
Good reference for design 2x Ethernet — — —

passing ESD system tests;
BOM and schematics 2x RS-232 — — -
available

3x RS-485 —— —

TIDEP-0006 Reference Design

TMDSDC3359 Evaluation Module $699

Data Concentrator Devices

Product Benefits
AM3359 ARM-Cortex A8 MPU e Up to 1GHz performance
o Extensive peripheral set with 2x G-bit Ethernet, USB
e Linux SDK
F28PLCO1S PLC processor supports PRIME, G3-PLC, [EEE-1901.2 across FCC frequency band
AFEQ32 PLC Analog front end for FCC frequency band
TPS65910A Power Management IC with 4 DC/DCs, 8 LDOs, and RTC
IPS54620 4.5V to 17V input, 6A Synchronous Step-Down SWIFT™ Converter
DCc28710/22 Constant-Voltage, Constant-Current Controller with Primary-Side Regulation for Bipolar Power Devices
l_u';_c'géﬁ_d Constant-Voltage, Constant-Current Flyback Controller ugsing Opto-Coupler Feedback
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Smart Grid Communications
Power Line Communications (PLC)

TI's Power Line Communication modem systems provide the
best performing communication platform for today’s Smart
Grid networks around the world. These PLC solutions provide
the flexibility of a single hardware and software design that can
support multiple standards and therefore a single global
platform, which reduce R&D costs and speed time to market.

TI's PLC reference designs have achieved official certification
from the G3-PLC Alliance for the CENELEC and ARIB
frequency bands and from the PRIME Alliance for the
CENELEC frequency band.

TI's proprietary PLC Lite technology offers a compelling option
for low-cost communications in industrial systems where
compliance to industry standards is not required. PLC Lite is
based upon modern OFDM modulations techniques and
therefore provides a robust solution in noise-filled
environments.

G3-PLC ¥ PRIVIE

L1,

{G3-PLC Y&y

Complete information about TI's PLC solutions is available at

Reference Designs for PLC

CENELEC-BAND PLC Modem

TMDSPLCKITV4 Power Line Communications

Developer Kits

e Choice of chipset optimized for CENELEC, ARIB, or FCC

frequency band

e Two PLC modems based upon a small System on Module

(SOM) form factor

e PLC SOMs may be purchased separately for rapid

prototypes.

¢ TI's Zero-configuration GUI diagnostic tool
¢ Downloadable software development kit for PRIME,
G3-PLC, IEEE-1901.2, or PLC-Lite standards.

TMDSPLCKITV4-CEN

SOMPLC-F28PLC83

/AR A
L N
| Host PLC MCU PLC AFE
MCU TMS320F28PLC84 AFEO031
A
— 3.3V PLC
» AC/DC [ — — — — — +» DC/DC |—» 1.8V Module
> 12V
v
Line
{ LOAD }‘ Coupling

PLC Standard Frequency Band
PRIME™ or G3-PLC CENELEC (10kHz-90kHz)
G3-PLC™ ARIB (154kHz — 453kHz)
G3-PLC™ or I[EEE-1901.2 FCC (154kHz-490kHz)
PLC Lite CENELEC (10kHz-90kHz)

PRIME, G3-PLC, IEEE-1901.2, PLC Lite CENELEC, ARIB, FCC

PRIME, G3-PLC, IEEE-1901.2 CENELEC, ARIB, FCC

Chipset

TMS320F28PLC84 + AFE031
F28M35 + AFE032
F28PLCI0 + AFE032
TMS320F28035 + AFE031

Docking station for all PLC designs. Supplies
power and line coupling to AC mains.

AM3359 ARM Cortex-A8 MPU

Reference Design

PLC Development Tools

CENELEC Frequency Band IMDSPLCKITVA-CEN | $499
CENELEC Frequency Band SOM only SOMPLC-F28PLC83 | $79

ARIB Frequency Band IMDSPLCKITV4-ARIB | $499

FCC Frequency Band TMDSPLCKITV4-FCG | Contact Tl
PLC Data Concentrator TMDSDC3359 $699
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Smart Grid Communications
Wireless Communications

Sub-1GHz

TI's SimpleLink™ CC11xx, CC12xx Smart RF Transceivers and
the next generation SimpleLink™ Sub-1GHz Wireless MCUs
offer high performance, best-in-class range and co-existence
and leading low power consumption. Our Sub-1GHz portfolio
has a broad range of options to meet the design needs for large
AMI networks in regions across the world.

TI's Sub-1GHz RF solutions support the IEEE-802.15.4g
standard FSK modulation. The optional OFDM and DSSS
modulations are also supported with a high-performance
software defined radio solution.

= S
Sub-1GHz @)Lt

Sub-1GHz Devices

=%
=%

F28PLC91D Smart Grid SoC

CPU1
IEEE-802.15.4g RF

Digital FSK, OFDM, DSSS-LR
Baseband

CPU2
AFE032 G3-PLC
FCC Band IEEE-1901.2
PLC Front End

The hybrid network offers compatibility with legacy systems through
802.154g FSK, high data rates with 15.4g OFDM, and extreme
sensitivity with 15.4g DSSS modulations. IEEE-1901.2 PLC adds
connectivity to end points difficult to reach with RF.

Device Benefits Reference Design and
Development Tool
€C1200 Transceiver Data rates up to 1Mbps, +16dBm output power. E
£C1120/1125 Narrowband Transceiver with channels down to 6.25kHz. Receive sensitivity of —129dBM. CCi120EM=868-915-RD
F28PLCIID Dual-core 32-bit MCU optimized for 802.15.4g RF and narrowband PLC processing. Contact Tl
ZigBee®

A longstanding promoter of the ZigBee Alliance, Tl is a leading
supplier of IEEE 802.15.4 ZigBee solutions. Certified by the
ZigBee Alliance to meet all conformance and interoperability
standards, TI’s ZigBee solutions provide both the superior
performance and low power consumption that make them
ideal choices for wirelessly connecting electric meters, flow
meters, and home energy gateways.

@ LigBee

Key Products for ZigBee Communications

Complete solutions are available either standalone with TI’s
Wireless Microcontroller (MCU) devices, such as the CC2538,
which execute all layers of the ZigBee stack plus application
profiles; or as Wireless Network Processors that allow a central
host processor to combine multiple protocols and applications.

Device Key Benefits Reference Designs and
Development Tools
562538 | Highest performance ZigBee Wireless MCU with ARM® Cortex®-M3, 512KB flash. Single-chip solution for ZigBee Smart Energy Profile [£C2538.CC2592EM-RD
1.x coordinators and end points
CG2533 | Optimized system-on-chip (SoC) solution for IEEE 802.15.4 based systems. Wireless Network Processor for ZigBee Smart Energy Profile | CC2533EMK
1.x coordinators and end points.
CC2592 | 2.4GHz range extender. Increase range by 7x with +22dBm output power, low RX/TX current consumption, and small 4x4mm package. CC2538LC2592EMRD
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Smart Grid Communications
Wireless Communications

Wi-Fi

Wi-Fi® is a key technology in driving the Internet of Things (loT)
by enabling devices to connect directly to each other or to
broader networks. With generations of RF and Wi-Fi IP
expertise, Tl is the world’s leading supplier of embedded

Wi-Fi products for portable, battery-powered devices.

Wi GD)

Key Products for Wi-Fi Communications

Start your design with the industry’s first single-chip MCU

with built-in Wi-Fi connectivity. Created for the Internet of Things

(IoT), the SimpleLink CC3200 device is a wireless MCU that
integrates a high-performance ARM Cortex-M4 MCU, allowing
customers to develop an entire application with a single IC.
With on-chip Wi-Fi, Internet, and robust security protocols, no
prior Wi-Fi experience is required for faster development.

Device | Benefits Reference Design and
Development Tool
CC3200 | SimpleLink Wi-Fi Wireless MCU with ARM Cortex®-M4 | integrated Wi-Fi connectivity, security. TIDC-SMARTPLUG-WIFt
CC3100 | SimpleLink Wi-Fi Wireless Network Processor provides easy connectivity for Smart Grid applications. Fully integrated 802.11 b/g/n radio, | CC3100BO0OSTZRD!
baseband, and MAC. Serial interface to any 8, 16, or 32-bit MCU

Wireless M-Bus

The Wireless M-Bus protocol has become the choice for
many Smart Grid deployments due to its simple star network
topology using either the ISM 868MHz bnad or the 169.4MHz
sub-band.

TI’'s complete Wireless M-Bus solutions support both frequency
bands with a combination of ultra-low power MCUs, CC11xx
and CC12xx SmartRF transceivers, robust and field-proven

3.3V

TPS63000

TPS62730/

MSP430™ Power

MSP430G2x55

TPS62740 Amplifier

el —

Battery

X . K Tl Power Ultra-Low- Tl wM-Bus External PA
software stack, and high-efficiency, RF-friendly DC/DC power Solution PowerMCU  Transceiver  for 169 Mz
supplies. The Wireless M-Bus solution is fully compliant with
EN 13757-4 modes N,C S, and T.

Key Products for Wireless M-Bus Communications

Device Benefits Reference Design and
Development Tool

€C1120 Narrowband Transceiver with channels down to 6.25kHz CCi120EN-868-915-RD
(CTT20EMK:T63

MSP430F5438A | Ultra-low power MCU with 256K flash. MSP-EXP430F5438

EC13i0 Ultra-low power Wireless MCU with ARM® Cortex®-M3, 128KB flash. +14dBm output power. Package as small as 4x4mm and Contact Tl

consumption less than 6mA.
1PS62730 Step-down buck converter for Ultra-low power wireless applications TPS62730EVM-7261

View more information at www.ti.com/smartgrid
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Industrial Energy Measurement

Utility Meters

Utility-grade electric meters demand great reliability, security, KR

and integration to provide the best value to consumers. Texas N TT—
Instruments’ solutlong met.a.t the industry’s needs fo.r. efficient of prasive, e R e gt
energy measurement in utility-grade meters. Tl’s utility meter A

SoCs are designed to meet all requirements of the ANSI C12.20 > :’:::e Lo¥ Fower
and IEC 62053 standards. TI’s utility meter metrology solu- e Aomlcation GPU

tions include sophisticated anti-tampering protection to protect g_r, Srotectionl—

meter integrity and reduce non-technical losses in the field. Optional Neutral Montor B B
View more information at www.ti.com/metering Zower [ Dome o By

Single-Phase Utility Meter

Smart Utility Meters Reference Designs and Development Tools

Name Description and Benefits Tl Design or Tool

Class 0.2 Single-Phase Meter Better than Class 0.2 accuracy across 2000:1 dynamic range. Calculates all energy measurement parameters. TIDM-SINGLEPHASEMETER
Expandable with communications interface. EVM430-F6736

Class 0.5 Single-Phase Meter Class 0.5 accuracy with universal input voltage range. Calculates all energy measurement parameters. TIDM-SINGLEPHASEMETER

FE427A, EVMA430-FE427A

Low-Cost Two-Phase Electric Meter Class 1.0 accuracy with universal input voltage range. Calculates all energy measurement parameters. IOM:-TWOPHASEMETER-12040

Class 0.2 Three-Phase Meter Better than Class 0.2 accuracy across 2000:1 dynamic range. Up to 512KB flash and expandable with TIDM-THREEPHASEMETER-F6779
communications interface. EVM430-F6779

Class 0.5 Three-Phase Meter Better than Class 0.5 accuracy across 2000:1 dynamic range. Up to 128KB flash and expandable with TDM-THREEPHASEMETER-F67641!
communications interface. EVM430-F67641

Implementation of a 3-Phase Rogowski | Class 0.5 accuracy using low cost Rogowski coils. Efficient software integration of Rogowski coil output. TIDM-3PHMETER-ROGOWSKI

Coil Based Electric Meter

Three-Phase Meter with WiFi connectivity | SimpleLink™ Wi-Fi connectivity is added to Class 0.2 three-phase meter. TDC-3PHMTR-WIFIXR

Power Supply Reference Designs for Smart Utility Meters

Name Description and Benefits Tl Design or Tool
Primary-Side Regulated Flyback Supply Wide Vi capability (85Vxc to 265V,c) with 5V/0.3A output. Integrated MOSFET and low component count. PMP9683
Primary-Side Regulated Isolated Flyback | Universal mains supply with 24V @ 25mA output. Quasi-resonant controller with integrated MOSFET. 82% full load pMP8590
Supply efficiency.

Non-Isolated Flyback Supply Quasi-resonant controller with 184V,c-707V, input. Outputs 12V@1A and 3.3V@100mA. 84% efficiency at full load. PMP8678
Primary-Side Regulated Flyback Supply for | Universal mains supply with 15V/20W output followed by optional DC/DC and LDO stages for 5V, 3.3V, 1.8V, and 1.2V. PMP3185.4
meters with Power-Line Communications

Power Supply Products for Smart Utility Meters

Device Key Benefits Firmware for Energy Measurement and
UGG28710/22 Constant-Voltage, Constant-Current Controller with Primary-Side Regulation for Bipolar Utility Meters

..... ONEIeVicey The Tl Energy Library provides proven firmware
UCc28740 Constant-Voltage, Constant-Current Flyback Controller Using Opto-Coupler Feedback for all energy measurement parameters needed
DCC28910 700V Flyback Switcher with Constant-Voltage Constant-Current and Primary-side Control in utility meters and industrial applications. The
Liis0i7 lblo(g)élFE?gmA synchronous step-down regulator with integrated high side and low side Energy Library is provided without charge in

source code format with each development tool.

The TI DLMS/COSEM Library is available for the
MSP430™ MCU products. All COSEM classes

are supported along with the Public Client, Meter
Reader, and Utility Setting associations. The DLMS
library is downloadable in object code format via
part number DLMSOBJ-EVAL.

60V, 0.5A, step down regulator with an integrated high side MOSFET.

EVMA430-F6736 EVMA430-F6779 EVMA430-F67641
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Industrial Energy Measurement
Industrial Energy Measurement

Accurate energy consumption measurement is becoming TI's industrial energy measurement solutions provide OEMs
more important for businesses and consumers as they work with rapid development time, flexibility, and low cost of
to control their energy costs. Data center operators seek to ownership. The AFEs for embedded energy measurement
measure the power consumed by individual servers in order are complemented by complete, ready-to-use firmware
to monitor efficiency and accurately bill customers for web or packages which provide all required energy and power
cloud hosting services. Consumers wish to monitor the energy consumption results.
consumgd by major home appliances in an.integrated home TI's Industrial Energy Measurement reference designs include
automation system with easy access to their data. energy measurement and communications options such as
WiFi .
R R
L N
»| Passive
| Protection
] ”| & Filter
—
e S
& Filter

Communications

Passive
R R Digital Serial/PMBus/
ilter Serial 191 »| Sera US
UL PLU Communications Isolation BLE/WiFi/
A

USB/Ethernet
A

Passive
Protection
& Filter

AC/DC > i
PoWer SUpply »| Relay Driver

LT

LOAD
LOAD
LOAD Three-outlet Smart Power Strip

Reference Designs for Industrial Energy Measurement

Name Description and Benefits Tl Design or Tool

Class 0.2 Single-Phase Meter Better than Class 0.2 accuracy across 2000:1 dynamic range. Calculates all energy measurement TIDM-SINGLEPRASEVETER EVM430-F6736
parameters. Expandable with communications interface.

Server Power Monitor Single-phase energy measurement with Class 0.5 accuracy. Measures active, reactive, and TIDM-SERVER-PWR-MON
apparent power along with power factor. Automatic switching between AC and DC input.

Two Phase Embedded Meter Measures active, reactive, and apparent power along with power factor on each of two phases TIDM-2PHASE-SUBMTR
independently. Achieves better than Class 0.2 over 30mA to 30A range.

Wi-Fi-enabled Smart Plug Class 0.5 measurement accuracy with SimpleLink™ Wi-Fi connectivity. Compact design with TIDC-SMARTPLUG-WIF|
minimal component count to minimize BOM cost.

Industrial Energy Measurement Devices
Product Benefits

WSP430i2040 | * Low-cost energy measurement MCU
o Flexible configuration of four sensor inputs for voltage and current
» Small package size for small form factor products

UCC28910D © 700V Flyback Switcher with Constant-Voltage Constant-Current
and Primary-side Control

TPS77033 * Single-output 50mA LDO, low quiescent current

ULN2003LV o Low-power relay driver
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Flow Metering

Smart Metering for Gas/Water/Heat/Heat Cost Allocator

Tl provides complete system design solutions for flow meters
that are optimized, to provide extended battery life and
long-term reliability.

Tl features the world’s lowest power MCU to provide

extended battery life and long-term reliability. The new
FRAM-based ultra-low-power MSP430™ microcontroller brings
faster writes as well as unmatched endurance and flexibility

to enable constant on-the-fly data logging and faster, simpler
wireless firmware updates. Tl's new FlowESI GUI eases sensor
setup in software and EnergyTrace++™ technology enables
developers to debug power consumption down to the
peripheral-level like never before while maintaining high
dynamic range from nA to mA.

TI's DC/DC converters and LDOs with dynamic voltage scaling
(usually implemented with a V-Select logic pin) can further
increase battery life. As part of maximizing battery life, the
correct selection of an ultra-low quiescent current power
management device is a key to optimizing the low power of
the MCU. While running the MCU directly from the battery may
work (within the specified MCU operating range) and seem to
save the cost of power management components, the lack of
voltage regulation means much higher MCU stand-by power
consumption and lower battery life.

Sensors and Signal Chain

>

Pressure Sensors

Valve Control
(Motor Driver)

)

Battery

System Power

Power Management

Tl Flow Sensing Solutions

Microcontroller

Prepayment
RFID/NFC

Tl delivers a broad portfolio of devices in the analog signal
chain such as ADC and DAC converters, low-noise amplifiers,
precision AFE for Time-of-flights (TOF) and Time-to-Digital
Converter (TDC). High-performance data converters include
12- to 18-bit SAR ADC, 16- to 24-bit delta-sigma ADC, 10- to
16-bit pipeline ADC, and 8- to 20-bit DACs. Usually the voltage
is digitized with precision ADCs. The mechanical forces in
meters can be measured/detected by various types of sensors.
Because voltages are very low, precise low-noise amplifiers
(for flow and temperature), and instrumentation amps (for
pressure) such as the OPA2209 and INA10x, respectively,

are needed at the front end. The Time-of-Flights (TOF) and
Time-to-Digital Converter (TDC) are intended for ultrasonic
sensing applications.

Tl provides the Low Power RF portfolio (both sub-1GHz and
2.4GHz solutions) that interface with a Tl MCU. This type of
communication enables features such as early leak detection

in the water meter solutions as well as monitoring and customer
awareness.

Tl solutions also support optional functionalities such as remote
valve control using DRV family of motor drive control devices
and NFC prepayment using TI’s RFID/NFC transceiver ICs.

Communications

Sub-1-GHz Solutions

Range

Sl 2 Extender

2.4-GHz Solutions

Range

RAEHE Extender

Other Solutions

RS-485/RS-232
Wired M-Bus

|

Optional Functionalities

o Continuous flow measurement in low power mode

Benefits Actions

Sensing Techniques Sensor Types Tl Solution
. . : k&;ﬁg;g’:ensors (Resistor | F1EXDIe soluton based
Rotation Detection ladder, GMR sensors) on ESI + MCU + SW
. optimized combo
o Optical sensors
Ult i Ti f Flexible solution based
Fli;ﬁﬁ‘z}‘gﬂ'me 0 Piezzo ceramic PMUT, CMUT | on TDC + MCU + SW
optimized combo

o 5X less power consumption compared to T
equivalent software implementation

Ultra-low-noise signal chain:

¢ Offers customizable system to meet various
system requirement

o Enables system differentiation for developers

e Provides optimized combination for accuracy
and low power

(Dawnstream)

View more information at www.ti.com/flowmeter
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Flow Metering
Tl Reference Designs

Water Meter Reference Design for two LC Sensors, Using Extended Scan Interface (ESI)

TIDM-LC-WATERMTR

One of the challenges in battery operated water meters is to continuously
measure the water flow information while consuming as little energy as possible. °
TIDM-LC-WATERMTR design features a MSP430™ FRAM-based microcontroller

with 100uA/MHz active-mode current, 450nA standby-mode current with the real-time

clock enabled, and integrated low-power analog and digital peripherals. Additionally, °
the MCU offers for near infinite write endurance, quick/low-power writes, and data

flexibility. This reference design demonstrates a usage example of the integrat-

Key Features

direction

solution

Supports 2 LC sensors for detecting
rotation movement including rotating

Ultra-low power consumption
compared with external hardware

ed Extended Scan Interface (ESI) on the microcontroller to achieve ultra-low power e GUI for setting up and calibrating
consumption compared with the same detecting methodology using an external circuit. the ESI

In water meter designs, coupled to LC rotation detection sensor (provided), the ESl is °

continuously detecting the rotation of the propeller while the rest of the microcontroller for MCU target board

is in a low-power mode. By using the ESI integrated in the MSP430 MCU, this design e Motor control board with variable

automates the measurement process and reduces CPU involvement, which helps to

reduce overall power consumption.

Reference Designs

metal plate

speed to simulate flow using

¢ RF socket available to enable low
power RF extension (Sub 1GHz or

2.4GHz ZigBee)

Easy to install daughter sensor board

Water meter reference design for two/three LC sensors,
using Extended Scan Interface (ESI)

Water meter reference design for optical sensors,
using Extended Scan Interface (ESI

Water meter reference design for two GRM sensors,
using Extended Scan Interface (ESI)

Flow meter host MCU board with segment LCD and
prepayment or dual RF option

ETSI Cat. 1 receiver capable wM-Bus 169MHz RF
subsystem for Smart gas and water meters

ETSI Cat. 2 receiver capable wM-Bus 868MHz RF
subsystem for Smart gas and water meters

TDC-based ultrasonic water meter

Description

MSP430FR689 based on FRAM device uses two/three LC based sensors, enhanced scan
interface to measure flow, motor control board to simulate flow rate with real-time update
to LCD and RF modules

MSP430FR689 based on FRAM device uses optical sensors and enhanced scan interface
to measure flow, motor control board to simulate flow rate, and real-time update to LCD
and RF modules

MSP430FR689 based on FRAM device uses GMR sensors and enhanced scan interface
to measure flow, motor control board to simulate flow rate and real-time update to LCD
and RF modules

Very quick implementation of a pre-payment function for flow meter application or any
other ultra-low power application requiring segment LCD as well

Very low-power, ETSI Cat. 1 Receiver capable RF subsystem for wM-Bus enabled Smart
gas and water meters at 169MHz

This reference design describes an ETSI Cat. 2 receiver capable RF subsystem for Smart
meters, fully compliant with the most popular wM-Bus S, T and C-modes at 868MHz as
per EN13757-4:2014

Achieves time resolution needed for gas and water ultrasonic time-of-flight measurements.
Host can enter shutdown (power-saving) mode once measurement is initiated
(until interrupt is received)

Tl Design

Contact Tl representative
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Flow Metering
Smart Metering for Gas/Water/Heat/Heat Cost Allocator

Smart Gas/Water/Heat Meter Products

Function

Ultra-Low-Power Microcontrollers

MSP430F448/F449
(48/60-KB Flash)

Apps Processor

Part Number

Key Features

32KB flash, 96-seg LCD
48/60KB flash, 160-seg LCD, hardware multiplier, temp sensor

60KB flash, LCD, scan interface peripheral for rotation detection in low-power mode
(supports multiple types of sensors)

64KB ultra low power FRAM, RTC, ADC12 - 16¢h, AES256

128 KB ultra-low-power FRAM, RTC, ADC12 - 16 channel, AES256, ESI for rotation detection
in low-power mode

128 KB flash, 320-seg LCD, RTC with battery backup, power management
256KB flash, 160-seg LCD, RTC with battery backup
512KB flash, 320 segment LCD, RTC with battery back-up power management

Category

General Purpose

Scan Interface for Rotary
Flow Meters

Embedded FRAM

ESI for Rotary Flow
Meters

High Performance

MCU + RF System-on-Chip (SoC)

SimpleLink™ €

01

Sub-1-GHz SoC, LCD; CC1101 transceiver, MSP430™ MCU

Transceiver; low cost, low power; —116-dBm sensitivity

MCU + RF SoC

SimpleLink CC11! Transceiver; high performance, narrowband, —123-dBm sensitivity Proprietary RF
Sub-1GHz SimpleLink’CG1175 | Transmitter; high performance, narrowband, 16-dBm TX power wM-Bus
SimpleLink GC110L | Transceiver; cost-optimized, —116-dBm sensitivity
SimpleLink CCT190 | RF front end; 27-dBm (0.5-W) TX power Range Extender
SimpleLink £C2510° | Low-cost SoC; 8051 MCU (up to 32KB flash), ~103-dBm sensitivity Proprietary RF
SimpleLink £62520 | Transceiver; 8051 MCU (up to 256KB flash), ~98-dBm sensitivity
SimpleLink 02530 | SoC; 8051 MCU (up to 256KB flash), ~97-dBm sensitivity ZigBee®/IEEE 802.15.4
2 4GHz SimpleLink CC2538 | SoC; Cortex™-M3 MCU (up to 512K flash, 32K RAM)
SimpleLink €C2590 RF front end; cost-effective, for low-power apps, 14-dBm TX power Range Extender
SimpleLink €259 RF front end; cost-effective, for low-power apps, 22-dBm TX power
REY] T(ansceiver module, integrated Wi-Fi® + dual-mode Bluetooth®, MIMO, extended range, Wi-Fi
=== direct concurrent operation o
SimpleLink CC3100 Self contained Wi-Fi network processor, easy to use security and integrated internet protocols Wi-Fi
SimpleLink CC3200 | Contains CC3100 network processor + ARM Cortex M4 MCU which is fully programmable
Wired M-Bus SS7214 Meter-Bus (M-Bus) transceiver; meets EN1434-3 standard Wired M-Bus
ifRF7960A RFID/NFC reader/writer IC; fully integrated protocol handling
Prepayment (RFID/NFC) TRE7O70R RFID/NFC transceiver IC (supports reader/writer, peer-to-peer and card-emulation modes); RFID/NFC
fully integrated protocol handling; compliant to NFC standards NFCIP-1 and NFCIP-2
TPS65290 Power management IC for gas/water meters Ultra-Low PMU
S PMU with 3 DC/DC
TPS65250 Power management IC with “last gasp” storage and release circuit Converters and Charge
and Pump
I-PSG_-ZZ-S_ﬁ Step-down converter with Bypass Mode for ultra-low-power wireless connectivity Step Down Converter
with Bypass Mode for
Step-Down Regulator TPS62740 Ultra-low Ig, step-up converter with Bypass Mode for extended battery operation gg[)?ié_:t‘i%ﬁgwer Wireless
TPS6129% Ultra-low g, step-up converter with Bypass Mode for extended battery operation Low Ig Boost Converter
DRVE830 Secure IC control interface; up to 1-A continuous current with inrush protection E——
DRV8832 Speed regulation: Constant speed over lifetime of battery
Valve Control (Motor Driver) [_)_R_\_/&_8§_3 Upto 3-A cont!nuous current \.Nlth inrush protection . .
DRV8835 Up to 3-A continuous current in a 2x3-mm package; split Viy/Vg¢ supplies Brushed/Stepper
DRVE836 Tiny 2x3-mm package; dedicated sleep pin; 40-nA sleep current
DRVg837 Up to 1.8-A continuous current in a 2x2-mm package; split Viy/Vge supplies Brushed
Analog Front-End TDC1000 Precision AFE for Time-of-Flights (TOF) Ultrasonic AFE
Time to Digital Converter TDC7200 Time-to-Digital Converter (TDC) Ultrasonic TDC
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Renewable Energy

Solar Power

Solar Grid Tie

A worldwide concern for future access to affordable,
sustainable energy is driving the development of more efficient
solar power generation. In any photovoltaic (PV) based system,
the inverter is a critical component responsible for the control of
electricity flow between the module, battery, loads, and power
grid. The challenge is how to do this in an efficient, reliable and
cost effective manner.

Solutions from TI

TI's grid-tied solar power solutions meet the technical demands
of the smart grid. They enable reactive power handling, all
necessary functions such as control of power stages, phase
and frequency locking, and maximum power point tracking
(MPPT) are implement. All of these combine to create more
robust and efficient grid-tied solar energy harvesting systems.

All of these functions require optimized intelligent control

that can occur in real time or near-real time. Performance
processors, such as the Texas Instrument’s TMS320C2000™
family of microcontrollers, provide the high level of
computational performance and programming flexibility
needed for the real-time signal processing in solar power
inverters. Highly integrated digital signal controllers help
inverter manufacturers create more efficient, cost-effective

and reliable products that can support the growing demand for
solar energy. Combined with great analog products such as the
SM72295 full bridge driver and the LM5017 flybuck regulator
Tl provides complete reference designs for high performance,
cost efficient solutions.

TI’s Solar Micro Inverter Development Kit & Reference
Design showcases the usage of a C2000™ MCU in a typical
grid-tied micro inverter application. All necessary functions
such as control of DC/DC boost stage via an active clamped
flyback stage, control of DC/AC inverter, accurate grid phase
and frequency locking, maximum power point tracking (MPPT),

and state machine control are implemented and full source
code is available through controlSUITE. Key algorithms such
as software phase locked loops, MPPT implementation, and
PIDs are provided as optimized library blocks which can enable
faster time to market for customers. Tl Design:

Together, the TIDM-SOLAR-DCDC and the TIDM-SOLAR-
ONEPHINV comprise a complete solar inverter for central
or string topologies. TlI's C2000™ Solar MPPT DC/DC
converter is a digitally-controlled solar converter for use

in central or string solar inverters. It is a companion to the
C2000™ Solar DC/AC Single Phase Inverter (TIDM-SOLAR-
ONEPHINV), a grid-tied, single phase, DC/AC inverter.

TIDM-SOLAR-DCDC

TIDM-SOLAR-ONEPHINV

TI's Power Line Communications (PLC) Lite™ Reference
Design for Industrial Applications is a new option for adding
communications to industrial equipment such as solar arrays.
PLC Lite™ offers higher data throughput than earlier forms of
PLC and greater robustness for transmission across noisy
electric lines by using OFDM PHY technology. This design is
based upon a C2000™ controlCARD and an analog front end
for PLC.

More information about PLC Lite is available as part of this

Photovoltaic
Panel

A
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Notch Notch
Fltr Fitr
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View more at www.ti.com/solarpower
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Solar Power
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Solar Power Inverter Reference Design with PLC

Solar Power

Description and Benefits

Real-Time 32-Bit Microcontroller with programmable Control Law Accelerator, High-Resolution PWMs,
and high-speed on-chip ADCs

3A, 100V Full bridge MOSFET gate driver with integrated current sense amplifier
600mA, 100V wide vin synchronous buck regulator

Dual 5A low side MOSFET gate driver

7A low side MOSFET gate driver

Low Ig, 100mA, 30V Low Dropout linear regulator

Device

Type
€2000™ Real-Time Microcontroller

MOSFET gate driver for DG/DC stage of the inverter
Integrated switch step-down DC/DC regulator for bias power
MOSFET gate driver for DC/AC stage of the inverter

MOSFET gate driver for DC/AC stage of the inverter

Low dropout linear regulator for bias power

Solar Solutions

€2000™ Solar DC/DC Converter with
Maximum Power Point Tracking (MPPT)

€2000™ Solar DC/AC Single Phase Inverter

Description Tl Design

This design is a digitally-controlled, solar DC/DC converter with maximum power point tracking (MPPT), for
use in central or string solar inverters

This design is a digitally controlled, grid-tied, single phase, full-bridge DC/AC inverter stage for use in central
or string solar inverters

Grid-tied Solar Micro Inverter with MPPT

Solar Power Energy Harvester Reference
Design Using a Super Cap

Solar MPPT Charge Controller

This design is a digitally-controlled, grid-tied, solar micro inverter with maximum power point tracking (MPPT),
which lends itself to many benefits, including elimination of partial shading conditions, increased system
efficiency, improved reliability and greater modularity

This design is a Solar charger and energy harvester using a highly integrated power management solution that
is well-suited for ultra-low power applications from the microwatts (uW) to milliwatts (mW)

This design is a 20A Maximum Power Point Tracking (MPPT) solar charge controller created for solar panel
inputs corresponding to 12V and 24V panels. The design is targeted for small and medium power solar
charger solutions.

View more at www.ti.com/solarpower
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Renewable Energy
Solar Power

Solar Charge Controllers

As the reserves of non-renewable sources of energy (like coal,
petrol etc) are depleting, there is an ever increasing demand for
‘cleaner’ sources of energy such as solar energy, wind energy,
geothermal energy etc. to generate electric power. Solar Energy
is a good choice for electric power generation, and it refers

to the utilization of the radiant energy from the sun. The
challenge to large scale solar power generation is to be able to
cost effectively extract the solar power and have an effective
storage mechanism

Solutions from TI

Photovoltaic (PV) cells are a good source to generate

electrical energy directly from solar energy. Photovoltaic cells
have mostly been used to power small and medium-sized
applications. Since solar energy generation is not continuous in
nature, most of these applications will also need a battery as a

Solar Charge Controllers
Device Description and Benefits Type

MSP430F5152 | The device features a powerful 16-bit MSP430™
RISC CPU, 16-bit registers, and constant | Microcontroller
generators that contribute to maximum

code efficiency

SM72293 3A, 100V Full bridge MOSFET gate driver | MOSFET gate driver
with integrated current sense amplifier | for DC/DC stage of the
inverter
LWI_-Q-_ 100mA, 100V wide vin synchronous Integrated Switch

buck regulator step-down DC/DC

regulator for bias power

storage mechanism. The solar energy from the PV array is fed to
the battery using a charger circuit. Traditional chargers are
deficient in extracting the full energy from the array. Because

of the current-voltage characteristics of the solar cells, it will
require an intelligent circuit between the panel and battery to
utilize the maximum power available from the PV array, called

a maximum power point tracker (MPPT).

We present TIDA-00120, the hardware and software
implementation of a maximum power point tracker using

the ultra-low power MSP430™ microcontroller and highly
integrated SM72295 gate driver. While MPPT implementation
using a microcontroller is not new, the uniqueness of this
solution is its high Integration, low standby power
consumption and low cost, which extends the use of

MPPT into the cost sensitive low power applications.
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Smart Grid & Energy Solutions
External Representation
Tl maintains an active presence in global regulatory bodies: TlDEgignS

* Bluetooth® Special Interest Group (SIG) Discover TI’s robust library of reference designs - and get your
e ECHONET Consortium European Telecommunications Smart Grid & Energy solutions to market faster!

Standards Institute (ETSI)
* G3-PLC™ Alliance Find complete reference designs, complete with documentation
* HomePlug® Alliance and support for a wide variety of smart grid systems, including:
e |EEE 1901.2 narrowband PLC standard e Grid Infrastructure
e |EEE 802.15.4/IEEE 802.15.4g e Grid Communication

Smart Utility Network SUN) * Energy Measurement

wireless standard e Utility Flow Metering
¢ |PSO Alliance ¢ Renewable Energy
* ITU-T G.9901, G.9902, G.9903, \www.fi.com/smartgrid-designs

G.9904 narrowband PLC standard
¢ PRIME Alliance
e Wi-Fi Alliance®
e Wi-Sun Alliance
o ZigBee® Alliance

Tl Worldwide Technical Support

Internet Asia
N i Phone Toll-Free Number
T Semiconductor Product Information Center Home Page Note: Toll-free numbers may not support mobile and IP phones.
Support.ti.com Australia 1-800-999-084
TI E2E™ Community Home Page China 800-820-8682
'628 fi com Hong Kong 800-96-5941
= India 000-800-100-8888
= Indonesia 001-803-8861-1006
Product Information Centers Korea 080-551-2804
Americas Phone +1(512) 434-1560 Malaysia 1-800-80-3973
Brazil Phone 0800-891-2616 New Zealand 0800-446-934
. Philippines 1-800-765-7404
Mexico Phone 0800-670-7544 Singapore 800-886-1028
Fax iu9_72)_927__6§7_7 -------- Talwan 0800-006800
ermotemal  fuonot TwmbeioBOgis 17 womatinal +80-21-23073044
E#Jr?epe, Middle East, and Africa Fax +86-21-23073686
Email tiasia@ti.com or ti-china@ti.com
European Free Call 00800-ASK-TEXAS Internet Bupnort. i comisc/pic/asiahin]
(00800 275 83927)
International +49 (0) 8161 80 2121
Russian Support +7 (4) 95 98 10 701 Important Notice: The products and services of Texas Instruments Incorporated
. ) _ ) and its subsidiaries described herein are sold subject to Tl's standard terms and
Note: The European Free Call (Toll Free) number is not active in all countries. conditions of sale. Customers are advised to obtain the most current and
If you have technical difficulty calling the free call number, please use the complete information about TI products and services before placing orders. Tl
international number above. assumes no liability for applications assistance, customer’s applications or
Fax +(49).(0) 8161 80 2045 product designs, software performance, or infringement of patents. The
b Rt il publication of information regarding any other company’s products or services
Internet b ticonvasktexas does not constitute Tl's approval, warranty or endorsement thereof
Direct Email asktexas@ti.com ' '
Japan B021014
Fax International +81-3-3344-5317
Domestic 0120-81-0036 The platform bar, E2E, MicroStar Junior, MSP430 and OMAP are trademarks and
Internet/Email International Eupport. ti.com/sc/pic/japan.itm DLP s a registered trademark of Texas Instruments. All other trademarks
Domestic Wwwtil.co.Jp/pig are the property of their respective owners.
© 2015 Texas Instruments Incorporated % TexAs
Printed in U.S.A. by (Printer, City, State) INSTRUMENTS SLYMO0710
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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

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

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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