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Introduction

The continuing evolution of microprocessor (MPL)
and microcontroller (MCU) architectures has led to
increasing intelligence in embedded designs. These
“smarter” products are now being further enhanced
through the addition of Internet of Things (IoT) con-
nectivity. This connectivity introduces a whole new
world of capabilities to businesses and users alike,
including a superior user experience, remote oper-
ation, automated control and intelligent networking.
In many cases, connectivity substantially enhances
the utility, serviceability and versatility of embedded
systems.

The value of the loT comes from its interconnect-
edness. An loT system must often be able to con-
nect in two directions: down to its sources of data
such as sensors or other loT devices, as well as up
into the cloud to a data aggregator or centralized
control point. Connecting to data sources requires
support for a wide range of machine-to-machine
(M2M) protocols running over interfaces such
as 12C, SPI or UART. For many applications, the
industry and application define the types of M2M
interfaces a system requires.

Connecting to the cloud through the Internet
requires an IP-based interface, typically Ether-
net for wired connectivity and Wi-Fi for wireless
applications. The ubiquity of 10/100 Ethernet
makes it a compelling option when Secure con-
nectivity to a wired product line is needed. The
challenge for developers is to implement this con-
nectivity at the lowest cost and power without com-
promising performance or reliability.
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Integrating the PHY

Traditionally, the Ethernet MAC has been integrated onto MCUs to reduce cost and design com-
plexity. The Ethernet PHY, on the other hand, has been implemented as a separate component due
to analog integration challenges. Many applications, however, could also benefit from integrating
the PHY as well.

With the introduction of the TM4C129x MCU family from Texas Instruments (Tl), the advantages of
an MCU with integrated MAG/PHY are now available. Tl has developed the technology necessary
to overcome the challenges of analog integration to bring its industry-leading Ethernet PHY and
10/100 MAC technology together with an ARM® Cortex®-M4-based MCU core. The TM4C129x
MCU provides an effective solution for OEMs needing to connect their systems to the cloud so they
can take full advantage of the capabilities enabled by the loT.
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Figure 1: A traditional Ethernet-enabled system (@) is built around an external PHY requiring numerous
passives and other components. When the Ethernet PHY is integrated into the MCU (b), board space
requirements drop substantially, as do power consumption and system cost.
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Figure 1a shows a traditional Ethernet-enabled system built around an external PHY. Note that in addition to the
PHY, the system also requires numerous passives and other components. In comparison, Figure 1b shows an
equivalent system using an integrated PHY. When the PHY is integrated, many of the supporting components are
no longer necessary.

As can be seen in Figure 2, integrating the PHY yields savings and benefits similar to those achieved when the
Ethernet MAC was first integrated into an MCU:

Cost savings: The number of external and passive components required is substantially reduced when the
PHY is integrated (see Figure 1h). This results in both BOM and assembly cost savings of up to 91%.

Power savings: Active power savings can reach up to 58 mA, or a 76% reduction. Standby power savings are
highly dependent upon the implementation and can range from no benefit up to 10.2 mA, or a 74% reduction.
Reducing power consumption increases the power efficiency of systems, reducing operating costs for line-
powered devices and increasing operating life for battery-powered systems.

Board space savings: An integrated PHY still requires a few external components, such as a transformer and
some form of electrostatic discharge (ESD) protection to protect the MCU from external shock. The overall board
space savings, however, are still on the order of a 93% to 96% reduction. This frees up PCB space for additional
features and functionality.

Reduced noise: Extraneous system noise is reduced because of the removal of several external signals and the
elimination of a crystal. This provides greater signal margin for developers, easing routing constraints and design
complexities.

Accelerated design: Integrating the PHY simplifies design for engineers, enabling faster implementation and
troubleshooting.

Increased reliability: As a complete interface, the integrated MAC/PHY of the TM4C129x MCU is a proven and
reliable implementation. Eliminating external components also reduces the number of potential points of failure in
the system, further increasing reliability and reducing overall costs.

(Worst)
(Best) I
BOM/Assembly Costs ~ BOM/Assembly Costs Active/Standby Power  Active/Standby Power
External PHY Integrated PHY External PHY Integrated PHY

Figure 2: Significant cost, power and board space savings can be achieved when the Ethernet PHY is integrated
onto the MCU as opposed to a traditional Ethernet implementation using an external PHY.
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These figures are based on a comparison of the PHY portion of the design only and are dependent upon the appli-
cation, actual implementation, use case, product volume and other factors. To help designers estimate the savings
they might see in their own applications, Tl offers several product evaluation options.

TI’'s TM4C129x  Astheindustry’s first ARM Cortex-M4 MCU with integrated 10/100 MAG/PHY, the TM4C129x MCU architecture
McU fam ”y (see Figure 3) is ideally suited for a wide range of embedded applications. Key features available within the TM4C129x
MCU family include:

e Up to 120 MHz ARM Cortex-M4 providing 150 DMIPS

e |ndustry’s first integrated 10/100 Ethernet MAC+PHY

e Cryptographic capabilities, including hardware-based AES, DES, HASH and CRC acceleration

e Up to 1024 KB flash and 256 KB SRAM memory footprint

e (Qptional integrated LCD controller

e Flevated data protection with capabilities to protect Flash and EEPROM, including temper detection and
control plus JTAG/debug lockout

e USB support, including High Speed, Full Speed, On the Go (OTG)/Host/Device

e Fast 12-hit ADCs with conversion rates up to two MSPS to enable both accuracy and high performance

e Support for many more high-current GPIOs (up to 12mA) than competitive devices

e High-reliability flash offering a minimum 100,000 write/erase cycles, an order of magnitude better
than the industry standard

e Support for mation control, including a quadrature encoder interface (QEl) and advanced timers
with PWM outputs

e Battery-backed hibernate mode for increased power savings

Advanced processing capabilities including digital signal control and floating point
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Figure 3: As the industry’s first ARM Cortex-M4 MCU with integrated 10/100 MAC/PHY, TI's TM4C129x MCU has the
performance, capabilities and peripherals needed to make it ideally suited for a wide range of embedded applications.
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TM4C1290NCPDT | 1024 | 256 Y 128-TQFP | - - -
TM4C1292NCPDTI3
TM4C1292NCPDT 1024 | 256 Y 128-TQFP | Y - -
TM4C1294KCPDT 512 256 Y 128-TQFP | - | Y =
TM4C1294NCPDTI3
TM4C1294NCPDT | 1024 | 256 Y 128-TQFP | - | Y S
TM4C129CNCPDT | 1024 | 256 Y 128-TQFP | - - Y
TM4C129DNCPDTI3
TM4C129DNCPDT | 1024 | 256 Y 128-TQFP | Y | - Y
TM4C129EKCPDT 512 256 Y 128-TQFP | - | Y | Y
TM4C129ENCPDTI3
TMA4C129ENCPDT | 1024 | 256 Y 128-TQFP | - Y
TM4C1290NCZAD | 1024 | 256 Y 212-BGA | - - -
TM4C1292NCZAD 1024 | 256 Y 212-BGA | Y - -
TM4C1294NCZAD 1024 | 256 Y 212-BGA - Y -
TM4C1299NCZADI3
TM4C1297NCZAD | 1024 | 256 Y 212-BGA | - - -y
TM4C1299KCZAD 512 256 Y 212-BGA | - | Y -y
TM4C1299NCZAD | 1024 | 256 Y 212-BGA | - | Y -y
TM4C129CNCZAD | 1024 | 256 Y 212-BGA | - = Y
TMA4C129DNCZAD | 1024 | 256 Y 212-BGA | Y | - Y
TMA4C129ENCZAD | 1024 | 256 Y 212-BGA | - | Y | Y
TM4C129XNCZADI3
TMA4C129LNCZAD | 1024 | 256 Y 212BGA | - | Y | Y | Y
TM4C129XKCZAD 512 | 256 Y 212-BGA | Y | Y | Y | Y
TM4C129XNCZAD | 1024 | 256 Y 212-BGA | Y | Y | Y | Y

Table 1: The TM4C129x MCU family offers a variety of configurations to best match the requirements of
different loT applications.

There are currently 20 base devices in the TM4C129x MCU family (see Table 1), offering a variety of configurations
to best match the requirements of different loT applications.

For systems that have a need for an external PHY, the TM4C129x MCU family does offer devices that just integrate
the MAC. Systems that can benefit from the cost, power, and board space savings made possible by the
TM4C129x MCU include:

e Solar inverters
e Communications adapters / concentrators
e Networked industrial meters / controllers / gateways
e Industrial HMI control panels / displays
* Networked residential / commercial building systems
e (loud-connected vending machines
e Networked Industrial inverters / motor drives
e Security access systems
e Industrial sensors
e |ndustrial automation
and many others.
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Beyond the PHY  The advantages of the TM4C129x MCU for loT applications go far beyond just the PHY savings it offers
(see Figure 4). After all, the Ethernet interface is only one part of a system. Today’s loT devices need a fully-

integrated processor capable of providing:

High-speed data aggregation
Greater reliability
Elevated data protection

Integrated industrial control capabilities

Advanced human-machine interface (HMI) capabilities

Reduced target footprint for board-space limited systems

Networked industrial meters / controllers / gateways

Challenges: TM4C129x MCUs enables:
Cross-network synchronization Precision synchronized timing
Data protection Secured data & protection mechanisms
Product longevity Extended temp grade & memory reliability
Precise measurements / readings Accurate data conversion
Communication interface options Many connection options

Networked residential / commercial building systems

Challenges: TM4C129x MCUs enables:
Board space/ cost High integration
User interface Display control with supporting software
Power efficiency Operating mode options w/ low HIB current
Extensive I/O control High serial port count & options
Multiple product options & models Product family offering

Networked industrial inverters / motor drives

Challenges: TM4C129x MCUs enables:
Broad tools and software community ARM® ecosystem
Smoothness of motor operation Quick motor implementation / development
Remote control Fast, accurate back-EMF voltage sensing
Fastresponse to system conditions Networked control
Reuse across models Fastinterrupt response & fast processing

Software reuse across multiple platforms

SN

SN

SN

Enabling features:
IEEE1588-2008(v2) PTP

Hardware cryptography accelerators
Tamper detect/mgmt, Flash/EE protection
-40 to +105°C, 100K Flash, 500K EE

Up to 2MSPS 12-bit ADC

Ethernet, 2 CAN, 8 UART, 4 QSPI

Enabling features:

Enet MAC+PHY, 256K SRAM, more

LCD controller with GraphicsLib & examples
4 operating modes w/ 1.3uA hibernate

10 12C, 8 UART, 4 QSPI, USB, 1-wire
Family includes key functional options

Enabling features:

120-MHz ARM Cortex®-M4F CPU

Up to 2MSPS 12-bit ADC

Floating-point performance and digital signal
control instructions

Figure 4. The advantages of the TM4C129x MCU go far beyond just the PHY savings it offers. Its architecture has been designed to address the

design challenges typical of many loT applications along with many others.

For example, legacy HMI systems based on mechanical buttons and dials cannot provide the level of visualization and
control that today’s systems require. New rich HMI interfaces providing greater connectivity and control also require a
processor with more on-chip resources and processing capabilities. In addition, the processor must provide industrial-
level reliability through features such as an extended operating temperature range and extended cycle non-volatile

memories with greater capacity.
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Connectiyity’ Key to the value of the TM4C129x MCU is the combination of connectivity, communication and control it offers.

communications In terms of hardware, the TM4C129x MCU has an unparalleled breadth of advanced communication peripherals

and control integrated into its architecture. These peripherals include Ethernet MAC+PHY, two CANs, External Parallel Interface
(EPI), USB On-The-Go/Host/Device, four Quad SSI/SPI, up to 10 12C and up to eight UART.
Each of the family members offers a different combination of peripherals to provide an optimized implementation
for the wide variety of loT applications. In this way, OEMs can increase device connectivity without sacrificing price,
performance or power efficiency. In addition, the TM4C129x MCU is built using processes proven to meet the strict
requirements of the automotive industry to assure reliability over a variety of harsh environmental operating conditions.

Firmware also plays an essential role in facilitating communication to the cloud. Every interface on the TM4C129x
MCU is supported by production-ready drivers plus a full suite of software and networking stacks. Developers also
have access to TI's extensive peripheral, graphics, USB and sensor libraries (see Figure 5). This foundation of low-level
support enables developers to focus their design efforts on application development rather than having to create
extensive system firmware from scratch.
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Figure 5. Tl provides a wide range of low-level support firmware and libraries — including peripheral, graphics, USB and
sensors — to accelerate design, increase overall system reliability and reduce development costs

Control is another major design concern for many loT applications. Connected devices often need to control
multiple outputs and events. For example, a single system may include lighting, sensing, motion and temperature
sensing. Tl provides more than 60 example applications to assist developers in aggregating sensor data collection
and analysis, as well as overall system management and control. These example applications illustrate how to
effectively utilize the sensing and control peripherals of the TM4C129x MCU, including multiple PWM outputs, dual
quadrature encoder inputs, fast 12-hit ADCs and on-chip comparators.
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The availability of integrated hardware interfaces backed by firmware and application code simplifies loT device
development and enables OEMs to accelerate time to market. Code is well organized and documented, and it
provides a consistent API for initializing and using peripherals. Overall system reliability is increased as well, given
that firmware and application code have been proven in the field. And, because developers do not need to become
experts in the low-level driver implementation details, development costs are reduced.

Furthermore, all programming can be in C, even interrupt service routines and startup code. This simplifies and
accelerates product development while providing OEMs with confidence that designs can be easily migrated to new
platforms as Tl introduces them in the future. Libraries can be downloaded free of charge as royalty-free source
code. Numerous examples are provided that demonstrate how to fully leverage the rich peripheral functionality
available. In addition, the libraries and boot loader are stored in on-chip ROM to free up the programmable flash
memory for application use.

TM4C129x-MCU-based designs can also leverage the standard Tl libraries and tool chains — including Code
Composer Studio™ integration development environment, Keil’s Microcontroller Development Kit, the IAR Embedded
Workbench, Mentor Embedded Sourcery CodeBench, and GCC — giving developers the flexibility to work within
the development environment of their choice. TI's extensive ecosystem of partners also provides developers with a
broad range of software, middleware and design services. In addition, the TM4C129x MCU is fully supported by TI’s
distribution partners, field engineers and TI E2E™ forums.

Getting started  Developers have several options for conducting their own evaluation of the benefits and capabilities of the
TM4C129x MCU family. The TM4C1294 Connected LaunchPad (EK-TM4C1294XL) is an evaluation kit available for
only $19.95. It provides a cost-effective way to quickly prototype and experiment on the TM4C129x MCU.

For developers wanting a complete development kit, the TM4C129X Connected Development Kit (DK-TM4C129X)
offers a full-featured platform for evaluating and developing with the TM4C129x MCU. This development kit has
many features, including an LCD, and provides access to the MCU’s internal signals. Both kits support TI's
extensive libraries and application code as well as partner development tool chains.

With its 120-MHz ARM Cortex-M4 CPU and industry-first integrated 10/100 Ethernet MAC+PHY, the TM4C129x
MCU enables a new class of highly connected systems. Designed to meet the industrial demands of many loT
systems, the high-level of integration of the TM4C129x MCU combines performance and reliability with greater cost,
power and space savings. Developers can also bring products to market faster through the use of the embedded in-
dustry’s leading development tools and by building on the numerous libraries and example applications provided by TI.
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Additional TMA4C129x MCU: http://www.ti.com/product/tm4c1294ncpat

resources: Datasheet: www.ti.com/lit/gpn/tm4c1294ncpdt
TM4C1294 Connected LaunchPad (EK-TM4C1294XL): http://www.ti.com/tool/ek-tm4c1294x|
TM4C129X Connected Development Kit (DK-TM4C129X): http://www.ti.com/tool/dk-tm4c129x
Tl Software libraries: http://www.ti.com/tool/sw-tm4c
E2E Forum: http://e2e.ti.com/support/microcontrollers/tiva_arm/default.aspx
Training: http://www.ti.com/product/TM4C1294NCPDT/supporti#training
To order samples or parts: http://www.ti.com/product/TM4C1294NCPDT/samplebuy

Important Notice: The products and services of Texas Instruments 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 TI's approval, warranty or endorsement thereof.
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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.
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