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Demonstration Platform

ReEaL WoRLD

Power Line Modem

with e-Meter kit # 6449895
DSP-Based OFDM Modem and MSP430 Enable

Automated Meter Reading

The Modem

TI's Power Line Modem/e-Meter plat-
form transmits low to medium speed
data across low-voltage power lines for
intra-building as well as “last-mile”
connectivity to substations and trans-
formers.

Modem Specifications

e 220-V/110-V operation

e QOver 10-kbps effective user data
rate (> 64-kbps raw bit rate)

e 9-kHz to 95-kHz (A-band)

e CENELEC compliance

By combining advanced DSP techniques
with High Performance Analog circuits,
TI's OFDM modem solution exceeds
the performance of competing FSK or
conventional spread-spectrum modem
designs. Its open, scalable architecture
meets increasing network traffic
demands, while offering a high degree
of data integrity.
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The e-Meter

TT’s latest application specific micro-
controller, the MSP430FE427, has been
designed for single-phase e-Meter
applications. An embedded signal
processor (ESP) calculates average
and peak values for RMS voltage,
current and power, as well as power
factor [cos(phi)], temperature and
energy (kWh) used. Its ultra-low
power operation ensures negligible
system load and data retention during
blackouts, powered only by a small
lithium coin cell. With its integrated
LCD driver, the MSP430 is the simplest
solution for e-Meters on the market. It
interfaces via RS-485 to the modem, so
it can be part of a larger AMR system
feeding into a central data concentrator.

The Demonstration

In addition to the MSP430 e-Meter,
the demo can use an internal data
traffic generator to test the modem’s
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Figure 1: PLC/eMeter Demonstration System

SIGNAL

Target Applications

e Automated Meter
Reading (AMR)

* SCADA

e Smart Applicances
(White Goods)

e HVAC

e Industrial Control

e Building Monitoring

Figure 2: PLC e-Meter unit

bit error rate (BER). Performance
results and real-time e-Meter data are
displayed on a PC, which is connected
to the receiving modem with either

a USB or RS-232 cable.

A simulation window displays modem
performance estimates under different
sets of variables, such as a frequency
range covering 3-kHz to 500-kHz, various
signal processing options, and data
packet sizes.

Key Features

* 3-piece modem chipset

e Single-chip e-Meter

e Bit error rate (BER)
performance testing

* Performance simulation

e Advanced DSP techniques
o Proven OFDM technology
o Viterbi detection
o DQAPSK modulation

* Interface options
o RS-485
o RS-232
o USB

PROCESSING.




Figure 3: Power-Line Modem /e-Meter Block Diagram
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Modem Architecture in mind, advanced signal processing An off-line switch-mode converter

The core modem design consists

of three components:

e TMS320C5409A DSP for signal
processing

e AFE1230 Analog Front End
to acquire, filter and scale the
appropriate signals for
processing

e THS6182 line driver to couple
the modulated signals into the
output transformer

The most popular serial interfaces have
been provided to allow field-testing of
the orthogonal frequency division
multiplexing (OFDM ) modem under
a variety of conditions. An RS-485
interface provides a standard industrial
and low cost means to connect remote
e-Meters to a central dataconcentrator
containing the modem. The ubiquitous
RS-232 port is universal to connect
the modem to nearly any peripheral,
and the USB is a convenient port for
portable, laptop-based instrumentation.
Designed with the most stringent
European (CENELEC) specifications

techniques have been employed to offer
high data integrity over the “last mile”
of connectivity to a residential e-Meter
or data concentrator, located in a
high-rise or an industrial complex.

Technology

Compared to conventional frequency
shift keying (FSK) techniques, TI's
OFDM modem will yield lower bit
error rates (BER) at much improved
data throughput. These benefits are
particularly realized in impulse-noise
polluted environments with severe
multipath interference, such as on a
power line. OFDM has already been
proven in DSL, cellular and digital TV
applications. Viterbi detection improves
signal-to-noise performance by statistical
analysis of the bit stream and error
correction. Differential quadrature
phase shift keying (DQPSK) improves
the bandwidth efficiency of each carrier
across the spectrum and eliminates
the need for a phase-locked loop
(PLL) device.

provides power to the modem, which
is then sub-regulated with TT’s low
noise LDOs to maximize signal-to-
noise ratio (SNR) performance.

Power Line Modem with
e-Meter Platform Kit (#6449895)
This platform kit contains the
following:

* Two fully functional printed
circuit boards containing
modem, e-Meter and power
supply in a protective
enclosure

¢ One RS-232 serial cable

¢ One USB cable

¢ A CD containing:

o Bill-of-materials

o GUI software (executables)
o Design documentation

o Application notes

0 Getting Started guide

Software source code,

schematics and Gerber files

available upon request.




Product Selection Guide

Analog Front End

Device ADC Sampling Rate Gain / per step Features Supply Voltage(s)
AFE1230 16 bit 16 bit 1250 kHz 21dB/3dB Programmable 33V,5V
Rx, Tx filters

Processor

Device
Single-Phase E-Meter
MSP430FE427 1K 32K 256 B 8@125ns 27Vto36V 64-pin QFP
400 pA @3V, 1 MHz
MSP430F449 2K 60 K 256 B 8@125ns 1.8V1t03.6 V' 80-pin QFP
280pA@2.2V, 1 MHz 80-pin QFP or 100-pin QFP

Data Program MIPS
(bytes) (bytes) FLASH @cycle time Power Supply Package(s)

Program MIPS
Device (bytes) @cycle time Supply Voltage(s) Package(s)
Modem / DSP
TMS320VC5409A-160 64 K 32K 6ch 160 @ 6.25 ns 16V/33V 144 LQFP, 144 BGA
TMS320VC5410A-160 128K 32K 6ch 160 @ 6.25 ns 1.6V/33V 144 LQFP, 144 BGA
TMS320C5502-200 64K 32K 6ch 400 @5 ns 12V/33V 176 LQPF, 201 BGA

2.7V t0 3.6V needed for FLASH programming

Line Driver
Device Description Drivers Output Current Supply Voltage
THS6182 ADSL Line Driver 2 600 mA 100 MHz 11 mA 0.25 pA 10Vto30V
0PA2677 Dual Op Amp 2 500 mA 220 MHz 18 mA 0.8 mA 5Vto12V
0PA561 Power Op Amp 1 1,200 mA 17 MHz 50 mA 250 pA 7Vt 15V
TLE2301 Power Op Amp 1 1,000 mA 8 MHz 10 mA 1.73mA 9Vtod0V
Interface
Device Description lec I stoBY Speed ESD Supply Voltage
SN65HVD12 Differential Transceiver, RS-485 ImA 1pA 25 Mbps 16-kV HBM 33V
SN65HVD3082 Low-Power RS-485 Transceiver 0.3mA 1nA 200 kbps 16-kV HBM 33V
TL16C550 Single UART with 16-Byte FIFO 10 mA 2-kV HBM 33V,5V
TUSB3410 USB-to-Serial Port Converter 1 5mA 200 pA 12 Mbps 2-kV HBM 33V

921 kbps
MAX3221 Single-Channel RS-232 1mA 1pA 250 kbps 15-kV HBM 33Vto5V

Line Driver/Receiver

Power Management

Input Voltage Output

Device Description Iec | soBY Range Voltage(s) Package(s)
UCC2809 Off-Line Converter 600 pA no load 8Vto 175V Adjustable < 1-MHz N-chFET S0IC 8, MSOP 8

TSSOP 8
TPS71533 High Input Voltage, Micropower LDO 43 uA 25Vto24V 25V,33V 50 mA SC70,S0T 323
TPS77501 Low Drop-0ut (LDO) regulator 85pA 1A 27Vto10V 15Vto 55V 500 mA S0IC 8, TSSOP 20'
TPS79433 Low Drop-0ut (LDO) regulator 172 yA, 1 pA 27Vto55V 33V 250 mA MSOP 8, SOT 223
TPS79301 Low Drop-0ut (LDO) regulator 170 pA, 1 pA 27Vto55V 1.2Vto 55V 200 mA SOT 23, CSP?
TPS3707 Supply Voltage Supervisor 50 pA 2Vtob6V MSOP 8,S08
"PowerPAD™

2NanoStar™



Tl Worldwide Technical Support

Internet

TI Semiconductor Product Information Center

Home Page
support.ti.com

TI Semiconductor KnowledgeBase Home Page
support.ti.com/sc/knowledgebase

Product Information Centers

Americas
Phone

Fax
Internet/Email

+1(972) 644-5580
+1(972) 927-6377
support.ti.com/sc/pic/americas.htm

Europe, Middle East, and Africa

Phone
Belgium (English)
Finland (English)
France
Germany
Israel (English)
Italy

Netherlands (English)

Spain

Sweden (English)

United Kingdom
Fax

+32 (0) 27 4555 32
+358 (0) 9 25173948
+33(0) 1307011 64
+49(0) 8161 80 33 11
1800 949 0107
800791137

+31(0) 546 87 95 45
+34 902 3540 28

+46 (0) 8587 555 22
+44 (0) 1604 66 33 99
+(49) (0) 8161 80 2045

Internet support.ti.com/sc/pic/euro.htm
Japan
Fax International +81-3-3344-5317

Domestic

0120-81-0036

Internet/Email International support.ti.com/sc/pic/japan.htm

Domestic

www.tij.co.jp/pic

Asia
Phone
International +886-2-23786800
Domestic Toll-Free Number
Australia 1-800-999-084
China 800-820-8682
Hong Kong 800-96-5941
Indonesia 001-803-8861-1006
Korea 080-551-2804
Malaysia 1-800-80-3973
New Zealand 0800-446-934
Philippines 1-800-765-7404
Singapore 800-886-1028
Taiwan 0800-006800
Thailand 001-800-886-0010
Fax 886-2-2378-6808
Email tiasia@ti.com
ti-china@ti.com
Internet  support.ti.com/sc/pic/asia.htm

Important Notice: The products and services of Texas Instruments

or endorsement thereof.

Incorporated and its subsidiaries described herein are sold subject to Tl's
standard terms and conditions of sale. Customers are advised to obtain the
most current and complete information about Tl products and services
before placing orders. Tl assumes no liability for applications assistance,
customer’s applications or product designs, software performance, or
infringement of patents. The publication of information regarding any other
company'’s products or services does not constitute Tl's approval, warranty
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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.

TI 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 TI products or services are used. Information published by Tl 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 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.

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 TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

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

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265
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