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Description

The TIDM-1005 implements a smart meter data

collector with protocol conversion between Meter Bus

(M-Bus) and RS-485 networks. M-Bus and RS-485
networks can be mixed together in some network
domains, which require bridging capability to fully
integrate the system. This Tl Design becomes an
intermediate node that collects M-Bus data packets
from individual flow meters and formats them for
transmission across a larger RS-485 network to the
primary data concentrator.
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Features

Simple Data Collector With Protocol Conversion
Between M-Bus and RS-485 Transceiver for Cost-
Constrained Applications

Isolated Power Supply Output of 24 V to Provide
Sufficient Power for M-Bus Master Module to
Support 100 M-Bus Slaves, 3.3 V to Power
MSP432™ and 5 V to Power RS-485 Signal Chain

Tested +2-KV IEC61000-4-4 EFT, +8-KV
IEC61000-4-2 ESD, and CISPR22 Class-B
Conducted Emission

TI Design EVM Includes Extra Pinouts (for SPI,
UART, and GPIO) and Software Examples Allow
Ease of Evaluation to Support Other Wireless and
Wired Communication Protocols

Applications

Data Collector
Data Concentrator
Electricity Meter
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An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and other
important disclaimers and information.

System Description

The TIDM-1005 provides a cost-constrained and low-power data collector with protocol conversion
between M-Bus and RS-485 transceiver. The design's primary goal is to provide seamless connection
among devices with mixed connectivity of M-Bus or RS-485 transceiver. Figure 1 shows the TIDM-1005
system overview. The design runs as M-Bus master to manage the smart meters having M-Bus slave
communication and to collect meter reading information from those meters. On the other side to the RS-
485 lines, this design runs as a RS-485 slave node to the data concentrator having the RS-485
communication.

This design can also be a reference design for the electrical meter with RS-485 communication because
the design is built with the complete RS-485 signal chains [protection, isolation, RS-485 transceiver, and
microcontroller (MCU)]. For this purpose, this design provides the software examples for RS-485
standalone operation as well as RS-485 and M-Bus protocol converter.
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Figure 1. TIDM-1005 System Overview
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Figure 2 shows the software architecture. The MSP432™ runs the protocol convergence protocol
implemented in software interfacing to RS-485 transceiver from UART and GPIO and to M-Bus from
UART. The UARTSs for the RS-485 and the M-Bus are used for data TX and RX, and the GPIO for the RS-
485 is to enable the RS-485 TX or RX. The protocol convergence layer includes M-Bus data link framing
and parsing per EN 13757-2 standard in addition to passing the received data from one to the other
interface.

| MSP432P401R

Protocol Convergence Layer

RS-485 Interface

. M-Bus Interface Driver
Driver

_______________________________________ 1
UART GPIO UART:‘
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The M-Bus master module is not included as part of the TIDM-1005. The details for testing with the external M-Bus
master module can be found in Section 3.2.1.

Figure 2. TIDM-1005 Software Architecture

1.1 Key System Specifications

Table 1. Key System Specifications

PARAMETER SPECIFICATIONS DETAILS
Option one: internal AC-DC power supply (input of 85 VAC to
INout DOWer Source 264 VAC, 50 or 60 Hz, and output of 0.42 A at 24 V) Section 3.1.1
putp Option two: external AC-DC power adaptor (output = 0.42 A at o
24 V)
RS-485 transceiver 200-kbps, half-duplex, 5-V supply power Section 2.3.2
ARM® 32-bit Cortex®-M4F CPU, 48 MHz, 256KB Flash, 64-kB )
Host processor RAM Section 2.3.1
Input: 0.42 A at 24 V )
DC-DC converter Output: 3.3V and 5 V Section 2.3.5
Digital isolator Integratgd I_DC-DC converter with on-chip transformer, 3'\_/ to 5.5- Section 2.3.3
V wide input supply range, forward/reverse channels: 3/1
IEC61000-4-2 electro static discharge . .
(ESD) protection +8 KV, contact discharge Section 3.2.4
IEC61000-4-4 electrlcal_fast transient +2 KV, BER <107 Section 3.2.5
(EFT) protection
Conducted emission CISPR22 Class-B Section 3.2.3
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2.2

System Overview

Block Diagram

Figure 3 shows the system block diagram. The MSP432P401R is the host processor that runs protocol
convergence protocol in software and that interfaces to RS-485 and M-Bus transceiver from UART. The
temperature sensor (TMP102) and power-on reset (TPS3808) are built in the design as optional features
to supervise reset line and temperature.

The ISOW7841 isolates the RS-485 signal chain from the MCU (MSP432P401R) to reduce noise currents
on a data bus and to protect damaging sensitive circuitry. The ISOW7841 is integrated with reinforced
power converter to supply 5-V power to the RS-485 transceiver. The level shifter (SN74LV1T34DBVR)
installed between the ISOW7841 and MSP432P401R adjusts the voltage level in the control (GPIO) and
data (UART) paths between the MSP432 and THVD1500 to deliver the proper logical value to each
device.

The THVD1500 is a cost-optimized, half-duplex RS-485 transceiver (up to 300 kbps). The THVD1500
operate from a single 5-V supply, which is provided by the ISOW7841.

The AC-DC power supply supports a wide range of AC voltage input from 85 VAC to 264 VAC and output
0.42 mA at 24 V to power an external M-Bus master and to input to the DC-DC converter. The DC-DC
converter steps the input voltage down to 3.3 V and 5 V to power the host processor and the RS-485
transceiver, respectively.

Temp Power-on
Sensor Reset
(TMP102) (TPS3808)

UART 5V

Host Processor GPIO Isolator RS-485 Transceiver
(MSP432P401R) (ISOW7841) Level Shifter (THVD1500)

(SN74LV1T34DBVR)

5v

3.3V DC/DC Converter 24V
(TPS62175)

UART

AC/DC Power Supply 85VAC-264VAC
(uccasri1l)

DC/DC Converter 24V
(TPS62177)

UART M-Bus Interface
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Figure 3. TIDM-1005 System Block Diagram

Design Considerations

For this design, these devices were chosen due to:

 The MSP432P401R is a cost-constrained and ultra-low-power 32-bit, ARM Cortex-M4F processor that
supports necessary peripherals and speed for M-Bus and RS-485 transceiver.

» The THVD1500 is a robust half-duplex RS-485 transceiver with external protection circuitry to satisfy
+8-KV IEC61000-4-2 contact discharge and +2-KV IEC61000-4-4 fast transient burst.

» The ISOW7841 is a high-performance, digital isolator with on-chip transformer and an integrated
reinforced power converter with up to 650 mW of isolated power.
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« The UCC28711 is a flyback power supply controller that provides isolated-output constant-voltage (CV)
and constant-current (CC) output regulation.

* The TPS62177 or TPS62175 is a high-efficiency, synchronous, step-down, DC-DC converter with a
wide operating input voltage range of 4.75 V to 28 V, which provides up to 500-mA output current.

2.3 Highlighted Products

23.1 MSP432P401R

The MSP432P401x MCU family is Tl's latest addition to its portfolio of efficient ultra-low-power mixed-
signal MCUs. The MSP432P401x MCUs feature the ARM Cortex-M4 processor in a wide configuration of
device options, which include a rich set of analog, timing, and communication peripherals, thereby catering
to a large number of application scenarios where both efficient data processing and enhanced low-power
operation are paramount.

Overall, the MSP432P401x is an ideal combination of the TI MSP430™ low-power DNA, advance mixed-
signal features, and the processing capabilities of the ARM 32-bit Cortex-M4 RISC engine. The devices
ship with bundled peripheral driver libraries and are compatible with standard components of the ARM
ecosystem.

Figure 4 shows the MSP432 functional block diagram.
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Figure 4. MSP432™ Functional Block Diagram
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2.3.3

THVD1500

THVD1500 is a robust half-duplex RS-485 transceiver for industrial applications. The bus pins are immune
to high levels of IEC Contact Discharge ESD events eliminating need of additional system level protection
components. The device operates from a singl 5-V supply. The wide common-mode voltage range and
low input leakage on bus pins make THVD1500 suitable for multi-point applications over long cable runs.
THVD1500 is available in industry standard 8-pin SOIC package for drop-in compatibility. The device is
characterized from -40°C to 125°C.

Figure 5 shows the THVD1500 functional block diagram.

GND

Figure 5. Functional Block Diagram

ISOW7841

The ISOW784x family of devices comprises a high-efficiency, low-emissions isolated DC-DC converter
and four high-speed isolated data channels. Figure 6 shows the functional block diagram of the
ISOW784x family of devices.

The integrated DC-DC converter uses switched mode operation and proprietary circuit techniques to
reduce power losses and boost efficiency. Specialized control mechanisms, clocking schemes, and the
use of a high-Q, on-chip transformer provide high efficiency and low radiated emissions. The integrated
transformer uses thin film polymer as the insulation barrier.

The V¢ supply is provided to the primary power controller that switches the power stage connected to the
integrated transformer. Power is transferred to the secondary side, rectified, and regulated to either 3.3 V
or 5 V depending on the SEL pin. The output voltage, V5o, is monitored, and feedback information is
conveyed to the primary side through a dedicated isolation channel. The duty cycle of the primary
switching stage is adjusted accordingly. The fast feedback control loop of the power converter ensures low
overshoots and undershoots during load transients. Undervoltage lockout (UVLO) with hysteresis is
integrated on the V.. and Vg, supplies, which ensures robust system performance under noisy conditions.
An integrated soft-start mechanism ensures controlled inrush current and avoids any overshoot on the
output during power up.

The integrated signal-isolation channels employ an ON-OFF keying (OOK) modulation scheme to transmit
the digital data across a silicon-dioxide based isolation barrier. The transmitter sends a high-frequency
carrier across the barrier to represent one state and sends no signal to represent the other state. The
receiver demodulates the signal after signal conditioning and produces the output through a buffer stage.
The signal-isolation channels incorporate advanced circuit techniques to maximize the CMTI performance
and minimize the radiated emissions from the high frequency carrier and 10 buffer switching. Figure 7
shows a functional block diagram of a typical signal isolation channel.

The ISOW784x family of devices is suitable for applications that have limited board space and require
more integration. These devices are also suitable for very-high voltage applications where power
transformers meeting the required isolation specifications are bulky and expensive.
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234 uCccasr11

The UCC2871x family of flyback power supply controllers provides isolated-output CV and CC output
regulation without the use of an optical coupler. The devices process information from the primary power
switch and an auxiliary flyback winding for precise control of output voltage and current.

An internal, 700-V start-up switch, dynamically-controlled operating states, and a tailored modulation
profile support ultra-low standby power without sacrificing start-up time or output transient response.

Control algorithms in the UCC28710 family allow operating efficiencies to meet or exceed applicable
standards. The output drive interfaces to a MOSFET power switch. Discontinuous conduction mode
(DCM) with valley switching reduces switching losses. Modulation of switching frequency and primary
current peak amplitude (FM and AM) keeps the conversion efficiency high across the entire load and line
ranges.

The controllers have a maximum switching frequency of 100 kHz and always maintain control of the peak-
primary current in the transformer. Protection features help keep primary and secondary component
stresses in check. The UCC28710, UCC28714, and UCC28715 allow the cable compensation to be
programmed. The UCC28711, UCC28712, and UCC28713 devices allow remote temperature sensing
using a negative temperature coefficient (NTC) resistor while providing fixed cable-compensation levels.
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Figure 8 shows the functional block diagram.

o 7]
rover e
VoD | UVLO and FAULT
| 21V/8V MANAGEMENT TSD /SD FAULT
«—LINE FAULT
h
l VDD
END 5V
4.05V +Veyg ¢ 25 mA
— " CONTROL
< | LAW
Vs SAMPLER - )
I:_I l
14V 1 DFE
Vst I
3 1/ gy
— =" ovFauLT = 200kQ
Vovp &4
‘ VALLEY s q i
SWITCHING
SECONDARY Ecgl
CURRENT
e TIMING REGULATION
DETECT Vesr
| LEB
T VSLS —
LINE
l_{_’ SENSE lvsis/ Kic
OC FAULT
—I:: 15V
N B
| UCC28710/14/15 | | UCC28711/12/13 5V |
| CABLE vy | | INTC |
~Vevs( )
| COMPENSATION [€ 1 m)_ || | +tspsso |
| | | FAULT |
lcac 28 kQ
|Tcac | AAVAY . | | |

IHV

Copyright © 2017, Texas Instruments Incorporated

Figure 8. Functional Block Diagram
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TPS62175 and TPS62177

The TPS6217x synchronous switch mode power converters are based on DCS-Control™ (direct control
with seamless transition into power save mode), which is an advanced regulation topology that combines
the advantages of hysteretic, voltage mode, and current mode control that includes an AC loop directly
associated to the output voltage. This control loop takes information about output voltage changes and
feeds the information directly to a fast comparator stage. The control loop sets the switching frequency,
which is constant for steady state operating conditions, and provides immediate response to dynamic load
changes. To get accurate DC load regulation, a voltage feedback loop is used. The internally
compensated regulation network achieves fast and stable operation with small external components and
low-ESR capacitors. The DCS-Control topology supports pulse width modulation (PWM) mode for medium
and heavy load conditions and a power save mode at light loads. During PWM, the DCS-Control topology
operates at its nominal switching frequency in continuous conduction mode. This frequency is typically
about 1 MHz with a controlled frequency variation depending on the input voltage. If the load current
decreases, the converter enters power save mode to sustain high efficiency down to very light loads. In
power save mode the switching frequency decreases linearly with the load current. Because DCS-Control
supports both operation modes within one single building block, the transition from PWM to power save
mode is seamless without effects on the output voltage. Fixed output voltage versions provide smallest
solution size and lowest current consumption requiring only three external components. An internal current
limit supports nominal output currents of up to 500 mA.

The TPS6217x offer both excellent DC voltage and superior load transient regulation, combined with very
low output voltage ripple, which minimizes interference with RF circuits [6].

Figure 9 and Figure 10 show the functional block diagram of TPS62175 and TPS62177, respectively.
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3.1

3.11

3.1.11

Hardware, Software, Testing Requirements, and Test Results
Required Hardware and Software

Hardware

Figure 11 shows the TIDM-1005 hardware architecture. The TIDM-1005 design includes four sub-blocks:
isolated RS-485 signal chain, MSP432P401R host processor interfaced to TMP102 and TPS3808, AC-DC
power supply (UCC28711), and DC-DC power supply to step down the input voltage to 3.3 V and 5 V.

The M-Bus module (master or slave) is not included as part of the TIDM-1005 design. Instead, the TIDM-
1005 design experiments the M-Bus communication by connecting external M-Bus modules (master or
slave) with powering the M-Bus master through 24-V output pin and M-Bus transmission or reception
through a dedicated M-Bus pin (UART). The details of the external M-Bus module used for testing will be
discussed in Section 3.2.1.

CAUTION

HIGH VOLTAGE! Use caution when connecting to the power grid. Do not leave
EVM powered when unattended when the internal AC-DC power supply is
used.

Host Processor

Isolated RS-485 Transceiver

DC/DC Converter
to output
5Vand 3.3V

Copyright © 2017, Texas Instruments Incorporated

Figure 11. TIDM-1005 Hardware Architecture

MSP432™ Host Processor

The host processor block includes the MSP432P401R, which includes 32-bit ARM Cortex-M4F core that
runs the protocol converter software example. As optional features, the host processor block includes the
supervisionary IC of TPS3808 to monitor the reset line to the MCU and TMP102 to sense temperature.
The host process block includes pin-out for multiple peripherals for extensive usage of the board on the
end-product development: three UARTs (one for M-Bus signal chain, the others for RS-232, host
connection, and so on), one SPI, and two GPIOs. In addition, this block includes three LEDs that indicate
software status, TRX status, and so on. The 10-pin JTAG connector is used to program firmware to the
MSP432 and to debug the developing software.
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3.1.1.2 Isolated RS-485 Transceiver

The isolated RS-485 signal chain consists of a protection circuit against 1-kV surge (IEC 61000-4-5)
transients, THVD1500, RS-485 transceiver, and ISOW7841 to isolate the RS-485 signal domain from the
MCU domain as well as to power 5 V to the RS-485 transceiver. The two-pin jumper of RS485_ GND can
be connected to the earth ground when performing the ESD testing. Figure 12 shows the schematic of the
isolated RS-485 signal chain.
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Figure 12. Schematic: Isolated RS-485 Signal Chain

3.1.1.3 AC-DC Power Supply

The AC-DC power supply block includes UCC28711, a flyback power supply controller. The AC-DC power
supply inputs a wide range of voltages from 85 VAC to 264 VAC and outputs at 420 mA at 24 V. The 24-V
voltage output is used to power M-Bus master module as well as to input voltages to the DC-DC converter
block. Figure 13 shows the schematic of the AC-DC power supply.
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Figure 13. Schematic: AC-DC Power Supply
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3.1.14

DC-DC Converter

The DC-DC converter block includes two buck converters of TPS62175 and TPS62177. The TPS62175
converts the input voltage of 24 V to 5 V to power the RS-485 signal chain block. The TPS62177 steps
down the input voltage of 24 V to 3.3 V to power the host processor block. Figure 14 shows the schematic
of the DC-DC converter. C39 and C40 protect the TPS62177 and TPS62175 to be damaged from the

transient voltage.

24VDCOUT us L4 DVCC
T Py P 2 1N sw -2 Y'Y e ® T
10pH
T_ 3 <,10—T SR33
l L S Jen VoS 2100k
+C39 PG 7
e T :
. 5
L 8- Jsieep FB c35
AGND |8 22uF
— . PGND 1
DG-ND NC DAP
TPS62177DQCR
TP7 DGND DGND DGND
U9 L5 5VDC
24VDCOUT
T o o ° ° o2 vin sw L9 ~N e
. o 1ouH
+ca0 EN VoS R
22pF =—C38 $2.00M
2.2puF 8 5 <R36
L 8. JsiEEp FB 2700k
7
= e LR35 ——C36
DGND 4 e AGND 8 383k 22pF
PGND [
PAD |— =
TPS62175DQCR DGND
DGND 1
DGND DGND
Copyright © 2017, Texas Instruments Incorporated
Figure 14. Schematic: DC-DC Converter
3.1.1.5 Power Options

The TIDM-1005 has two power options: one is powering from the internal AC-DC power supply and
another option is to input 24-V DC power from the AC-DC wall power adaptor (0.5 A at 24 V). This can be
selected by SW1. Figure 15 shows the schematic of the power switch block.

J3 24V@0.5A
I:E 1 1 o 24VDCOUT
) o o 2
3
PJ-037AH °
= SWi1
DGND 24VDC
24V@0.42A

Copyright © 2017, Texas Instruments Incorporated

Figure 15. Schematic: Power Switch (SW1)
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3.1.2 Software

The TIDM-1005 provides a Code Composer Studio™ (CCS) software example
(RS485_MBus_Protocol_Converter_Example) including protocol convergence protocol, M-Bus framing
and parsing, RS-485 framing and parsing, RS-485 UART driver, and M-Bus UART driver. This section
covers details of the example software architecture and is followed by instructions to build and flash the
binaries with the CCS.

The prerequisite to build the software example is to install CCS v7.1 (or above) with the software update
(select Help — Check for Updates in the CCS top menu) and the MSP43x TI-RTOS version of v2.20.0.06.
The TI-RTOS version can be checked in the RTSC menu (right-click on the example CCS project and
then property — General) as shown in Figure 16.

«+ Properties for RS485_MBus_Protocol_Converter L@é
type filter text General T T
» Resource
General
4 Build Configuration: |Debug_Protocol_Converter [ Active ] | | Manage Configurations...

4 MSP432 Compiler
Pracessor Options
Optimization
Include Options
MISRA-C: 2004

..i ] Maln: =4 RTSC .

XDCtools version: [3.32.0.06_{ are =

ULP Advisor =4 Products and Repositories | < Order|
Advanced Options ¥

MSP432 Linker
MSP432 Hex Utlity [Disat

| =4 TI-RTOS for CC32XX - Add..
4 [/ = TI-RTOS for MSP43x
[v]&# 2.20.0.06

XDCtools )7
Debug L= 216008 Remove
|=4 TI-RTOS for TivaC
|=4 XDAIS = Select All
4 || Other Repositories ”
(V]2 ${TARGET_CONTENT BASE} [C:/TI/ccsy7/ccs_base] = | Deselectall_|
Target fi.targets.arm el f.M4F
Platform: f.platforms.mspd32:MSP432P401R -
Build-profile: release -
4 1l 3
'_’ 0K I Cancel
Figure 16. CCS TI-RTOS Version
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The RS485_MBus_Protocol_Converter project consists of three build configurations for demonstration
purposes: Debug_Protocol_Converter, Debug_RS485 Data_Collector, and Debug_MBus_Slave.

Figure 17 shows the available build configurations for the example project. The
Debug_Protocol_Converter is the target example that includes protocol convergence layer for RS-485 and
M-Bus, which will be discussed in this section. The Debug_RS485 Data_Collector build configuration is to
emulate the data collector having RS-485 only, and the Debug_MBus_Slave build configuration is to
emulate the slave meter having M-Bus slave module only. These two binaries can be used for 3-node
demonstration that will be discussed in Figure 23.

File Edit View Naagate Project Bun Sonipts Window Help |
M A~ Big-s=B -

- Project Explores m i
4 [ RS485_MBus_Protocel Comverter |Actve - Debug Protocol Converter]
Hew
St in Local Terminal
Achd Files
Copy [

K Delete Delete
LT [T Foaebnc b »
& MSP_EXP43IP401IR ¢ Sonmce

# MSP_EXP43P401R cmd ]
EXPAZIPAOIR K Fename 2

B ot ol_gonmerter Inpart

Ls Export

makefile defs
@ README sl
README md

Show Buald Setungs.

Busld Progect

Clean Project

Febusld Project

Fefresh |

uartecho.ciy

Close Progect

Make Tagets

Ineches: » e .

Bumld Confguranons » Manage.

Set Actve . 1 Diebig MBas_Slave

¥ 2Debug Protocel_Comverter
3 Debug RS445 Data Collector [ ST
4 Releae

Debog A5

Restore from Local History

Team
Compare With

S ——
Properties

dlag
Protocol_Comerter_protocol_convert (PSR _EPANZPAOIR ok

“Lvar LU, FSPAIIPAxx o fmspdalpde_deiverlib 1167 -116bc.a

FIS485_ MEus Protocol Comerter

Figure 17. CCS Build Configuration

3.1.2.1 RS485 MBus_Protocol_Converter Example

The RS485 MBus_Protocol_Converter example runs TI-RTOS on ARM Cortex-M4 core in the MSP432.
The software example includes three tasks: ProtocolConverterTask, uartRS485RxTask, and
uartMbusRxTask.

Figure 18 shows the interaction among the tasks. The uartRS485RxTask and uartMbusRxTask signals to
ProtocolConverterTask through mailbox messages when RX events from RS-485 or M-Bus happen.

y

ProtocolConverterTask |«

uartRS485RxTask uartMbusRxTask

Figure 18. Task Interaction in RS485 MBus_Protocol_Converter Example

NOTE: The example software is provided as a working example but does not consider optimizing
software in terms of performance, code size, and memory usage.
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3.1.2.1.1 uartRS485RxTask

The task initially configures the UART with baud rate of 115200 bps and waits to receive data from the
UART. The task first extracts the 2-byte header, which includes payload length, and then the task extracts
the payload by reading the UART buffer based on the given payload length. For the RS-485
communication, a simple frame format is used in this example: 2-byte length header followed by payload
as shown in Figure 19.

Length (2-byte) Payload (variable size)

Figure 19. RS-485 Frame Format in Example Project

Once the received data is verified, the message with the ID of TX_MBUS is posted in the mailbox to
deliver to the ProtocolConverterTask. In this example, the task fills the TX buffer with REQ_UD2 message
(SHORT frame based on EN 13757-2) with the TX_MBUS ID. This example assumes that the received
RS-485 message from the primary data collector triggers the protocol converter with a meter reading
request to the M_Bus slave meter. The details will be discussed in Section 3.2.1.

3.1.2.1.2 uartMbusRxTask

The task initially configures the UART with baud rate of 9600bps and then 1-byte M-Bus address.
Because the RS485 MBus_Protocol_Converter acts as M-Bus master node, this example sets the M-Bus
master address to 0x00.

This example implements the M-Bus link-layer frame format per EN 13757-2. The task waits for 1-byte
START from the UART, which indicates whether the received frame is SHORT frame or not. If the
received byte is 0x10, this is the fixed-size short frame (5-byte in total), and thus the task extracts the
remaining 4-byte payload. If the received byte is 0x68, the received frame can be CONTROL or LONG
frame. To figure out the message type, the task reads 2-byte L-field. If each byte of the L-field is equal to
0x03, this is the fixed-size CONTROL frame and the task extracts the remaining 6-byte payload. If each
byte of the L-field is not equal to 0x03, the received frame is variable-sized LONG frame. The task then
reads the payload size, indicated by the L-field, plus 3-byte since the 3B control fields (1B START, 1B
Checksum, and 1B STOP fields) are not counted as payload length in the L-field.

Once receiving the frame, the next step is to parse the frame (parseMBusRxData function in the example).
The parsing routine includes validating the received frame in terms of size, checksum, destination
address, and subfield values. Once the verification passes, the task posts the message with the ID of
TX_RS485 to the ProtocolConverterTask. This post is because the message received from M-Bus slave
will be forwarded to the data collector through RS-485.

3.1.2.1.3 ProtocolConverterTask

The ProtocolConverterTask waits for mailbox messages. Once receiving the mailbox messages, the task
sends data from either M-Bus or RS-485 depending on the message ID.

3.1.2.1.4 LED Configuration

This example configures LED1 (red) for RS-485 TX and RX events, LED2 (yellow) for M-Bus TX and RX
events, and LED3 (blue) for invalid RX events.
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3.1.2.2  Building the Software Example With CCS
The example project is built with CCS IDE v7.1 (or above). The CCS project can be opened by importing

FTIDN-1

the CCS project files in the installation directory (by default

C:\T\RS485_MBus_Protocol_Converter Example_V1.0.0.0). Then choose one of three build
configurations in the project. Figure 20 shows a screen capture. The final step is to build the project. Note
to clean the project before rebuilding the project. Once built successfully, the binary file can be found

under the Debug__ directory.

File Edit View Naagate Project Bun Sonipts Window Help

O LS AP 18 X -3 -
Praject Explores mine
4 [ RS485 MBus_Protecol Converter [Active - Debug Protocel Converter]
& Binanies Mew :I
- s Show in Local Terminal
Drebug MEars
el Files.
Copy st
X Delete Dedere
& mainc Refactor .
i MSP_EXPA3IPIOIR € Source
MSP_ NP0 IR cm L |
MSP_EXP4. Fename. F2
# protocol_comermerh Inpart
s Export
makefile defs o sl
@ PEADME lsal s Bl Setings.
README ma Busldl Progect
uartecha.cig Clean Project
Rebuild Project
Fefresh F5 st
Close Progect [
Make Tagets
Inclex o .
Bl Configurations 0 Manage.
Debug 45 SetAcuve 3 1 Debug_MEBus_Save
Festore from Local History Busbdt All ¥ 2Debug Protocel_Comener
Team 3 Debug R5485 Data_ Collecton
Compare With .
Propertes Alt+Ener :‘-u
ToC/T1 s ftools compd Ler i - cgt -2

oml_1ink_infos"R5485 Fus_Protocol (
" HSP_EXPATIPI0IR .o

*0¢ Budld Findshed *000

% R5485_ MBus Protocol_Converter

Figure 20. Build Configuration of RS485_MBus_Protocol_Converter Example

The software example package provides three prebuilt binaries that can be used for 3-node demonstration

described in Section 3.2.1:

 RS485 MBus_Protocol_Converter_protocol_converter.out
 RS485 MBus_Protocol _Converter_rs485_ data_collector.out
 RS485 MBus_Protocol_Converter_mbus_slave.out
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3.1.2.3  Flashing the Software Example With CCS

The first step to flash the example binary on the MSP432 is to connect the 10-pin JTAG debugger
(SimpleLink SensorTage Debugger DevPack) on the JTAG pin-out on the board. Figure 21 shows the
connection between the JTAG debugger and the TIDM-1005 EVM.

|~
-
-
-
1
=
-
1
1

Need additional header on the 10-pin JTAG connector to connect properly on the TIDM-1005 EVM.
Figure 21. 10-pin JTAG Debugger Connection

Once properly connected to the JTAG pin, the next step is to launch the target configuration and to flash
the binary in the CCS. The example project includes the target configuration file (MSP432P401R.ccxml)
under targetConfigs as shown in Figure 22.

Project Explorer © 2% 77 B8 maine | MSP_EXPA32P401R.c 15| HeapMem o Lol gpéoh \«/ Boardh (5] MSP_EXP432P401Rh % MSP4A32PA01R.coxml 2
+ @ RS4B5_MBus_Protocol Converter [Active - D N
. - - Basic
& Binanes
& Includes General Setup Advanced Setup
& Debug MBars_Slave This section descnbes the general configuration about te target

& Debug_Protocol_Converter

Con ot Configuation
= Debug RE135,Data € allector Connection Texas Instruments ¥DS 110 USB Debug Probe - Target Configuration: lists the configuration options for the target
« & trgetConfigs Bosd or Deace: gype filter text Save Configuration
£ MSPA32PA0LR coxml [Active] 032205
12 readme bt CCaI08E
5 Boardh

CCI2205F_SWD
Test Connection
CCI2205_SWD

To test a connection all changes must have been saved, the

(8 MSP_EXP432P401R

5 MSP_EXPA32PA0IR cmdl CC3220 SWD configuration fle contains o emors and the ConnedBon type suppors des hncton
> 13
B MSP_EXP432PA0IR I (H25385F23 Test Connection
W protocol_comverterh CM25385F 53 '
’ EVMDMRX45X%

- 3 Alternate Communication

makefile.defs MSP432PA01M
@ README heml V| MSP432P401R Uart Commumication -

READMEmd

To enable host side {1e. PC) configuration necessary to facilitate data
varechocty AR Cortex-h4F NCU - .

communication over UART, target applicaton needs 1o include a monitor
implementanon. Please check example project in Tl Resource Explorer. If your
target application leverages TI-RTOS, then please check docum entation on how to
enable Uart Monitor module.

Figure 22. CCS Target Configuration
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3.2 Testing and Results
3.2.1 Test Setup and 3-Node Demonstration

Figure 23 shows the 3-node setup for testing and demonstration. The setup consists of RS-485 data
collector, TIDM-1005 protocol converter connected with external M-Bus master module, and M-Bus slave
with external M-Bus slave modem. In the setup the RS-485 data collector installs RS-485 communication
only. The TIDM-1005 protocol converter acts as a mini data collector to interconnect between the RS-485
data collector and M-Bus slave node by using RS-485 (for the RS-485 data collector) and M-Bus (for M-
Bus slave).

The demonstration with the prebuilt binaries runs in the following sequences:

1. The RS-485 data collector triggers 10B meter reading request message to the TIDM-1005 protocol
converter from RS-485. In this example, the data collector trigger the 10B message every 5 seconds.

2. The TIDM-1005 protocol converter processes the request message and sends out REQ_UD2 frame
(request for Class 2 Data) to M-Bus slave from M-Bus.

3. The M-Bus slave responds back to the TIDM-1005 protocol converter with RSP_UD message from M-
Bus. The RSP_UD payload size varies. In this example for every transmission, the payload size
increases by 1 B, starting from 1B (minimum) to 255B (maximum).

4. The TIDM-1005 protocol converter processes the RSP_UD message, converts payload into the RS-
485 format, and delivers to RS-485 data collector through RS-485.

1, - TIDM-1005 3

~
~
L7 ot Protocol Converter ‘\\\A
RS-485 Data .7 L 4
Collector e
X

M-Bus Slave
Transceiver
(TSS721A)

M-Bus Slave

Copyright © 2017, Texas Instruments Incorporated

Figure 23. 3-Node Test Setup

Table 2 summarizes the binary to be flashed on each of board for the demonstration setup.

Table 2. Demonstration Software Setup

BOARD BINARY TO BE FLASHED
RS-485 data collector RS485_MBus_Protocol_Converter_rs485_data_collector.out
TIDM-1005 protocol converter RS485_MBus_Protocol_Converter_protocol_converter.out
M-Bus slave RS485_MBus_Protocol_Converter_mbus_slave.out
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Because the RS-485 data collector only uses RS-485 and the TIDM-1005 EVM includes the complete
path for RS-485, no external module is necessary to set up the RS-485 data collector.

The protocol converter acts as a M-Bus master and thus requires an external M-Bus master module as
shown in Figure 24. For the 3-node setup, Solvimus M-Bus Master module was used for the external M-
Bus master module. The power supply module in the TIDM-1005 EVM is designed to provide sufficient
power for the external M-Bus master to support more than 100 M-Bus slave nodes. In addition, the
software example is not limited to support the maximum number of M-Bus slave nodes. Depending on the
external M-Bus master module specification, further limitation can be applied on the number of M-Bus
slave nodes to be supported.

o
-
=
=
-
-
=

Texas &

NSTRUMENTS

Copyright © 2017, Texas Instruments Incorporated

Figure 24. TIDM-1005 Protocol Converter With External M-Bus Master Module (Protocol Converter)

Figure 25 shows the details on pin connections between TIDM-1005 and the external M-Bus master

module.
O [TP_PGND
o |TP_PWR—
O |TP_ANT
o |TP_BUS- —— )
To M-Bus line
o [TP_BUS+ —]
X1 2
Figure 25. Pin Connection Between TIDM-1005 and M-Bus Master Module
The M-Bus slave node is built with TIDM-1005 board and M-Bus slave module.
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Figure 26 shows the detailed pin connection between the TIDM-1005 and M-Bus slave module. Figure 27

and Table 3 show the schematic and BOM for the M-Bus slave module.

NOTE: The BOM and schematic for the M-Bus slave module are provided as a working example for
the 3-node setup. For general setup for the M-Bus slave, refer to the METER-BUS

TRANSCEIVER [7].

M-Bus RX

11

10

12
13

VDD
BAT
Vs
PF
RX
RXI

TSS721A

TXI

BUSL2

VB

M-Bus Slave Module
(TSS721A)

TX (PIN8, TSS721A)

RX (PIN12, TSS721A)

GND

Copyright © 2017, Texas Instruments Incorporated

Figure 26. Pin Connection Between TIDM-1005 and M-Bus Slave Module

Copyright © 2017, Texas Instruments Incorporated

Figure 27. M-Bus Slave Module with TSS721A

Table 3. BOM of the M-Bus Slave Module

PART VALUE DIGIKEY PART NUMBER QUANTITY
Cere 47 uF P10321-ND 1

Reis 100 CF18JT100RCT-ND 1

Cec 220 nF 493-10257-1-ND 1
Rerioo 30K CF14JT30KOCT-ND 1

RL1 220 CF14JT220RCT-ND 1

RL2 220 CF14JT220RCT-ND 1
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3.2.2

Software Functionality Testing

The delivery ratio is measured in the 3-node setup by counting the number of TX and RX measured at the
RS-485 data collector. The TX is initiated by the data collector at the step one in Section 3.2.1. The RX is
initiated by the M-Bus slave node at the step four in Section 3.2.1. To ensure the protocol converter to
handle all the data sizes properly, the testing runs 4-cycle of a complete set of data size (1B to 255B).
Table 4 summarizes the delivery ratio result.

Table 4. Delivery Ratio Performance

DELIVERY RATIO NUMBER OF TX NUMBER OF RX
100% 1065 1065

3.2.3 CISPR22 Class-B Conducted Emission
Figure 28 and Figure 29 shows CISPR22 Class-B conducted emission test results. For the measurement,
the TIDM-1005 EVM is powered by the internal AC-DC power supply to measure the impact of the AC-DC
power supply on the conducted emission. The quasi-peak voltages on line and neutral were measured at
120 VAC and 60 Hz and 230 VAC and 50 Hz over the frequency range from 150 kHz to 30 MHz . The test
results show that the TIDM-1005 passes the CISPR22 Class-B conducted emission.
70 70
N N
60 60
50 50
> >
@ 40 N 2 40 HH
kel o
30 30
20 ‘ 20 |
—— Class B QPK —— Line —— Natural —— Class B QPK —— Line —— Natural
10 10
0.1 1 10 30 0.1 1 10 30
Frequency (MHz) Frequency (MHz)
Figure 28. Quasi-peak Measurement With 120-V and 60- Figure 29. Quasi-peak Measurement With 230-VAC and
Hz Input 50-Hz Input
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3.2.4 IEC61000-4-2 ESD Testing

Figure 30 and Figure 31 shows the IEC61000-4-2 ESD testing setup. The IEC61000-4-2 ESD testing was
performed in contact discharge from £8 KV to +12 KV while the TIDM-1005 EVM turns on. For the testing
setup, the RS485_GND is connected to earth ground. The testing passes if the TIDM-1005 EVM is in
operating condition after a series of voltage spikes. Table 5 summarizes the IEC61000-4-2 ESD test
results.

Figure 30. IEC61000-4-2 ESD Testing (Contact Discharge  Figure 31. IEC61000-4-2 ESD Testing Configuration (12
When TIDM-1005 Turns on) KV With Interval of 1-s Voltage Spike Over 10-s Period)

Table 5. IEC61000-4-2 ESD Test Results

TEST VOLTAGE IN KV TEST RESULT
+8 Pass
+10 Pass
+12 Pass
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3.25 IEC61000-4-4 EFT Testing

Figure 32 shows IEC61000-4-4 EFT test setup. For the testing, two TIDM-1005 EVMs are connected at

each end, and the burst voltage pulses are injected on the RS-485 line. Per IEC61000-4-4 EFT
specification, three voltage repetition rates of 100 KHz (0.75-ms burst period), 20 KHz (3.75-ms burst

period), and 5 KHz (15-ms burst period) are used. Table 6 summarizes the test results. Each set of testing

runs 120 seconds to ensure sufficient number of TXs to measure the bit error rate (BER) performance.

Each test passes if the BER performance is less than 107 . The TX generated continuous byte stream
with a known pattern. The RX measured the total bytes of RX and the number of incorrect bytes to
calculate the BER. Table 6 summarizes the test results.

Figure 32. IEC61000-4-4 EFT Testing Setup

Table 6. IEC61000-4-4 EFT Test Results

VOLTAGE PEAK IN KV REPETITION RATE IN KHz BER PERFORMANCE (<107")
+2 100 Pass
+2 20 Pass
+2 5 Pass
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4 Design Files
4.1 Schematics
To download the schematics, see the design files at TIDM-1005.
4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDM-1005.
4.3 PCB Layout Recommendations
4.3.1 Layout Prints
To download the layer plots, see the design files at TIDM-1005.
4.4  Altium Project
To download the Altium project files, see the design files at TIDM-1005.
45 Gerber Files
To download the Gerber files, see the design files at TIDM-1005.
4.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDM-1005.
5 Software Files
To download the software files, see the design files at TIDM-1005.
6 Related Documentation
1. Texas Instruments, MSP432P401R, MSP432P401M SimpleLink™ Mixed-Signal Microcontrollers ,
Datasheet (SLAS826)
2. Texas Instruments, THVD1500 300 kbps RS-485 Transceivers With 8-kV IEC ESD Protection ,
Datasheet (SLLSEY4)
3. Texas Instruments, ISOW784x High-Performance, 5000-VRMS Reinforced Quad-Channel Digital
Isolators With Integrated High-Efficiency, Low-Emissions DC-DC Converter , Datasheet (SLLSEY?2)
4. Texas Instruments, UCC2871x Constant-Voltage, Constant-Current Controller With Primary-Side
Regulation , Datasheet (SLUSB86)
5. Texas Instruments, ISOW784x High-Performance, 5000-VRMS Reinforced Quad-Channel Digital
Isolators With Integrated High-Efficiency, Low-Emissions DC-DC Converter , Datasheet (SLLSEY?2)
6. Texas Instruments, TPS6217x 28-V, 0.5-A Step-Down Converter With Sleep Mode , Datasheet
(SLVSB35)
7. Texas Instruments, METER-BUS TRANSCEIVER , Datasheet (SLAS222)
6.1 Trademarks
MSP432, MSP430, DCS-Control, Code Composer Studio, SimpleLink are trademarks of Texas
Instruments, Inc..
ARM, Cortex are registered trademarks of ARM Limited.
All other trademarks are the property of their respective owners.
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Revision A History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
Changes from Original (June 2017) to A Revision Page
¢ Changed title from Data Collector With M-Bus and RS-485 Protocol Conversion for Low-Cost Applications Reference
Design to Data Collector With M-Bus and RS-485 Protocol Conversion Reference Design.......vvvveriiiiiiesiniinneiianns 1
¢ Changed link to SN65HVD3082E to link to THVD1500 iN RESOUICES +.uuuttruteiseiieeiintsrisssansssnsssansssinssannsainssans 1

Changed Tested +2-KV IEC61000-4-4 EFT, +12-KV IEC61000-4-2 ESD, and CISPR22 Class-B Conducted Emission to
Tested +2-KV IEC61000-4-4 EFT, +8-KV IEC61000-4-2 ESD, and CISPR22 Class-B Conducted Emission in Features . 1

Changed block diagram ON frONT PAGE . ..uueeiiueiiire i s s s st s s s s et san s e s sannaas 1
Changed +12 KV, contact discharge to £8 KV, contact discharge in Table L.....cvviiiiiiiiiiiiiiiis i naeens 4
Changed instances of SNE5HVD3082E t0 THVDL500 ...uuuuuesiiuuueesiinnesisassnessanssesssasnssssansnsssaannssssinnnessssnnns 4
Changed (up to 200 Kbps) t0 (UP 10 300 KDPS) 1uutuutiiuteiueisesiastersssats e taees s s sas e s saas s e s raasaaessan s sannssaneans 4
(O3 gF= T o =T I o U T = 4

Changed The SN65HVD3082E is a cost-optimized, half-duplex RS-485 transceiver with external protection circuitry to
satisfy £12-KV IEC61000-4-2 contact discharge and +2-KV IEC61000-4-4 fast transient burst. to The THVD1500 is a
robust half-duplex RS-485 transceiver with external protection circuitry to satisfy +8-KV IEC61000-4-2 contact discharge
and +2-KV IEC61000-4-4 fast tranSIENt DUIST. . ..ueuieesiiiiie s tsaee s s ss e s raar e s saann s s ssanresaannes 5

Changed title of Section 2.3.2 from SN65HVD3082E t0 THVD1500. ... tueteiiiinreereanresanannessaanneesaannnessannnessennes 6

Deleted The SNx5HVD308XE devices are half-duplex transceivers designed for RS-485 data bus networks. Powered by a
5-V supply, the transceivers are fully compliant with TIA/EIA-485A standard. With controlled transition times, these
devices are suitable for transmitting data over long twisted-pair cables. SN65HVD3082E and SN75HVD3082E devices
are optimized for signaling rates up to 200 kbps. The SN65HVD3085E device is suitable for data transmission up to 1
Mbps, whereas the SN65HVD3088E device is suitable for applications that require signaling rates up to 20 Mbps........ 6

Deleted The wide common-mode range and high ESD-protection levels of these devices makes them suitable for
demanding applications, such as energy meter networks, electrical inverters, status and command signals across telecom
racks, cabled chassis interconnects, and industrial automation networks where noise tolerance is essential. These devices
match the industry-standard footprint of the SN75176 device. Power-on-reset circuits keep the outputs in a high-
impedance state until the supply voltage has stabilized. A thermal-shutdown function protects the device from damage
due to system fault conditions. The SN75HVD3082E is characterized for operation from 0°C to 70°C and SN65HVD308xE
are characterized for operation from —40°C to 85°C air temperature. The D package version of the SN65HVD3082E has
been characterized for operation from —40°C 10 L105°C. 1. uuuuiiiiiiie it raate e raanr e sr s e s saan e s asan s e saannneaaaannenss 6

Added THVD1500 is a robust half-duplex RS-485 transceiver for industrial applications. The bus pins are immune to high
levels of IEC Contact Discharge ESD events eliminating need of additional system level protection components. The
device operates from a singl 5-V supply. The wide common-mode voltage range and low input leakage on bus pins make
THVD1500 suitable for multi-point applications over long cable runs. THVD1500 is available in industry standard 8-pin

SOIC package for drop-in compatibility. The device is characterized from -40°C t0 125°C....cviiiiiiiriiiierinineernaneens 6
¢ Changed reference 2 from SNx5HVD308XE Low-Power RS-485 Transceivers, Available in a Small MSOP-8 Package

(SLLS562) to THVD1500 300 kbps RS-485 Transceivers With 8-kV IEC ESD Protection (SLLSEY4)......cccvvviinennnn. 24
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

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