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System Description

Ethernet Connectivity in Smart Grid

The smart grid and automation industry is swiftly adopting ethernet. Ethernet addresses many of the
requirements of proprietary buses with the added advantages of widespread usage and lower costs due to
high volumes.

Why Fiber Optics?

1.1

111

1.1.2

1.1.3

Fiber optics (FO) can be found in many applications, ranging from network backbones that power the
Internet to manufacturing facilities to subsea communication networks on drilling rigs. The information
carrying capacity of an optical fiber is far greater than copper wire, coaxial cables, and microwave links.
Optical fibers are very small, lightweight, corrosion resistant, and are immune to electrical noise from
lightning storms, electromagnetic interference (EMI), and radio-frequency interference (RFI). In addition,
FO cables do not carry electrical energy and are approved for hazardous locations. The cost of FO cable,
its associated connectors, and hardware have decreased steadily over the years. Today, the benefits of
FO can far outweigh the costs, making FO communications the preferred choice for smart grid and
automation industry.

Most substations have unique requirements for communications networks that differ from those of a
commercial network. These substations must withstand harsher environmental conditions such as extreme
temperature ranges, lightning strikes, electromagnetic interference, and hazardous locations. Mounting
and space requirements are also an issue because substation networking components must be mounted
in the same control panel with other control equipment.

Why Ethernet over Fiber?

If high interference immunity is needed or long transmission distances are involved, then FO cables are
advisable. Another advantage of using FO cabling is the insensitivity to lightning or voltage surges. The
use of FO-based systems is already established in the process industry, plant engineering, substations,
energy distribution, and wind energy. An FO cable is the only medium that can support a virtually limitless
bandwidth. As the demand for more bandwidth grows and the price of fiber declines, fiber is making
inroads where copper has been traditionally used. Ethernet over fiber makes sense because of its low
cost, simplicity and scalability.

Speed

Applications are getting more demanding, web sites are getting more complex, and everything is going to
the cloud—all factors that drive the demand for network bandwidth. To accommodate the high network
speeds needed to meet this demand, copper cable has evolved in a series of steps from the CAT3 that
carried 10-Mbps 10BASE-T Ethernet all the way to CAT6a, which can carry 10-Gb 10GBASE-T. UTP has
gone through at least five generations to keep up with increasing bandwidth requirements. On the other
hand, fiber has a much higher innate carrying capacity, so when network speeds increase, fiber can
handle the demand without the need for costly upgrades.

Security

Fiber is more difficult for hackers to tap into. Because a copper cable “leaks” electromagnetic signals, a
hacker can read data nearby without actually touching the cable. A fiber cable, on the other hand, uses
light that stays within the cable, so a hacker must physically tap into it to gain access to data. Fiber is
immune to electrical noise such as EMI and RFI caused by items such as transmission lines and
transformers.

Distance

Most common copper Ethernet standards have a maximum segment length of only 328 feet (100 M).
Fiber, on the other hand, has distance limitations measured in kilometers, not meters. Although distances
vary, multimode fiber cable routinely supports distances of two kilometers. Single-mode fiber can support
distances over 10 kilometers, with some implementations going to 80 kilometers or more.
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1.1.4 Cost

At one time, fiber was universally more expensive than copper. Today, however, because manufacturing
costs are down and terminations are easier, fiber may be less expensive than the equivalent copper
infrastructure.

1.2 Advantages and Disadvantages of Fiber Optics

Advantages:
» Galvanic isolated and robust communication interface

» Cabling distance is greater than UTP cable to meet the demand of wide ranges (to communicate over
longer distance) and reduced communication failures

» Harsh environment capability: able to withstand EMI, high temperature, high pressure, and high
voltage

* No grounding required

* Intrinsically safe

* Small size and lightweight

» Integrated telemetry: fiber itself is a data link

* Wide bandwidth

» High sensitivity to inputs

Disadvantages:

* More challenging to install cable

* Must use expensive FO cables and connectors

* Needs more expensive optical transmitters and receivers
e Cannot carry electricity to operate or power terminal devices

1.3 Physical Media Considerations
13.1 Fiber-Optic Standards

Table 1. Standard Fiber-Optic Wavelengths and Modes

WAVELENGTH MODE
850 nm Multi-mode
1300 nm Multi-mode
1310 nm Single-mode
1550 nm Single-mode

These wavelengths were chosen because they best match the transmission properties of available light
sources with the transmission qualities of optical fiber.
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1.3.2

Fiber Types

Three basic fiber media types are:

OM1: 62.5/125 ym graded index multi-mode
OMZ2: 50/125 um graded index multi-mode
OM3: 50/125 pym graded index multi-mode
OM4: 50/125 pym graded index multi-mode
0OS1: 9/125 pm single-mode

125 Z<Q> 125 E@
l >
T

Figure 1. Fiber Media Types

The capability of each fiber in terms of its bandwidth (and distance) is a function of transceiver type and
the optical properties of the fiber used. In general, fiber is commonly used in backbone installations in the
following situations:

Faster convergence for network resiliency recovering from faults or changes
Outdoor or between buildings

When the distance is beyond the reach of copper (100 m)

For immunity from EMI
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1.4

Single-mode fiber electronics are much more expensive than multimode equivalents and are generally
deployed in long-distance applications that are beyond the capability of their multi-mode counterparts (see
Table 2). Also, fibers with a smaller multi-mode core size (50 ym versus 62.5 uym) support higher
bandwidth and longer distances for applications.

Table 2. Fiber Optics Modes

MULTIMODE SINGLE MODE
PROS CONS PROS CONS
« Lower total system cost « Higher fiber media cost e Higher bandwidth » Higher total system cost
« Lower cost transceivers capabilities  Higher cost transceivers
e Lower cost connectors * Longer distance  Higher cost connectors
+ Less complex to terminate * Lower fiber media cost + More complex to
in field terminate in field
=
= _
= D: IE # —
H
The ST connector for The SC connector for
fiber uses a bayonet fiber features a molded
locking system. body and a push-pull

locking system.

Figure 2. ST and SC Connector Descriptions

Media Converters: The Migration Tool for Copper-to-Fiber Connectivity

With the considerable cost and performance advantages of fiber, in theory every network would have a
completely fiber horizontal structure running from a fiber port on a data center switch to a fiber port on a
PC. But in practice, copper is often installed simply because it is more familiar. Plus, many network
devices have copper ports, and organizations cannot afford to replace the most expensive components of
their networks: the electronics to install fiber.

One simple and inexpensive solution is offered by the media converter. The media converter connects the
Ethernet through an RJ-45 port to an FO cable port with SC or ST glass fiber connections. This
connection retains the collision domain between the two Ethernet participants and means that status
transparency exchanges between the two Ethernet interfaces. The port status multi-mode glass fibers
allow distances of up to 5,000 m to be bridged without intermediate repeaters. Single-mode fibers can be
used over distances of up to 40 km. Network backbone and long-distance applications have long taken
advantage of FO cable. However, horizontal fiber cabling has been widely regarded as impractical and too
expensive for an application that doesn’t need to cover long distances or move vast amounts of data.
Fiber is regarded as expensive and difficult to install while copper is still the dominant cable type in local
networks. But times have changed and fiber is gaining an edge over copper, especially for new
installations, and is now often the first choice even for horizontal cabling, which has traditionally been
copper.

Media converters are the key to integrating fiber into a copper infrastructure, making it possible to migrate
a local network to fiber while extending the productive life of existing infrastructure. On the most basic
level, media converters are simple networking devices that make it possible to connect two dissimilar
media types. Although the most common type of media converter connects UTP to FO cable, media
converters may also connect other cable types such as coax. Media converters are often used to connect
legacy Ethernet equipment with copper ports to new fiber cabling. The converters may also be used in
pairs to insert a fiber segment into a copper network to increase cabling distance.
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Media Converter Features and Options

Media converters may be simple devices, but they come in a dizzying array of types. Newer media
converters are often really a switch, which confuses the issue even more. Ethernet media converters are
available in many configurations, with the most common being UTP to multi-mode or single-mode fiber,
although UTP to thin coax (thinnet), UTP to thick coax (standard Ethernet), thin coax to fiber, and UTP to
SFP are also available. On the copper side, most media converters have an RJ-45 connector for 10BASE-
T, 100BASE-TX connectivity. The fiber side usually has a pair of ST or SC connectors, although newer
compact connectors such as LC and MT-RJ are becoming increasingly common.

Media converters may support network speeds from 10 Mbps to 10 Gbps. Traditional media converters
are purely Layer 1 devices that only convert electrical signals and physical media and do not do anything
to the data coming through the link so they’re totally transparent to data. These converters have only two
ports—one port for each media type—and support one speed. Some media converters are more
advanced Layer 2 Ethernet devices that, like traditional media converters, provide Layer 1 electrical and
physical conversion. But unlike traditional media converters, these converters also provide Layer 2
services—in other words, they're really switches. This kind of media converter often has more than two
ports, enabling the user to extend two or more copper links across a single-fiber link. These media
converters usually feature auto-sensing ports on the copper side, making them useful for linking segments
operating at different speeds. The introduction of Layer 2 converters has blurred the line between media
converters and switches. The same device may be called a media converter or a switch by different
vendors.

Form Factor

Media converters are available in standalone models that convert between two different media types, in
chassis-based models that connect many different media types in a single housing, and in hybrid systems
that feature standalone modules that also work in a chassis. Standalone converters have their own
enclosure and power supply. These media converters are used individually to convert between two cable
types. The converters are used either in pairs to extend a network over fiber or as remote units to a
modular chassis-based system. Small standalone media converters easily tuck behind a PC to bring fiber
to the desktop. These compact converters are ideal for use in small networks and for connecting remote
sites but can quickly be outgrown as the network expands.

Chassis-based or modular media converter systems consist of chassis that house media converter
modules. Chassis are usually rack mountable although desktop chassis are also available and provide
power to the media converters. Chassis-based media converters are used primarily in data centers when
many Ethernet segments of different media types need to be connected in a central location. These media
converter systems offer great port density, but modules cannot be used on their own without a chassis. To
use an individual module, install it in a compatible chassis. These systems are usually SNMP
manageable.

Chassis systems provide unparalleled flexibility and enable mixing slide-in converters as required. For
example, when combined with a 10/100/1000 Ethernet switch, LAN administrators can use modular
converters to satisfy a wide range of requirements in network connectivity and distance, converting copper
switch ports to multi-mode or single-mode fiber as needed. Modules in chassis systems can usually hot-
swap, enabling quick network changes without taking the chassis offline. Hybrid media converter systems
feature standalone media converters that can also be used in a rack mount chassis. Although these
blended systems generally do not offer the high-end management features of enterprise-level chassis-
based systems, they do offer a great deal of versatility and value because each media converter can be
used and reused where it is needed most, whether mounted in a rack in a data center or working as an
individual standalone unit on a desktop.
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Power Options

Standard media converters come with an AC power supply that plugs into a standard wall outlet. It may be
120-V AC for domestic U.S. power only or may be an auto-sensing 120 to 240-V AC power supply that
can be used domestically or easily converted to European power with a simple plug adapter. When media
converters are used in areas that do not have convenient power outlets, they may be powered by Power
over Ethernet (PoE), which provides power to network devices over the same Category 5 or higher UTP
cable used for data. POE media converters may also provide power through PoE to a PoE-powered device
such as a security camera or wireless AP.

Small standalone media converters intended mainly for fiber-to-desktop applications may be USB
powered, enabling them to draw their power from a PC’s USB port. In chassis-based media converter
systems, media converters or media converter modules draw their power from the chassis, which avoids
the clutter of individual media converters that must be individually powered. Industrial media converters
have demanding power requirements. Because the power supplied to industrial sites varies greatly,
industrial media converters are either sold entirely separately from their power supply or are available with
a choice of power supplies. Unlike standard networking devices, industrial media converters often require
you to select the correct power supply for both device and application.

Hardening

Hardened, or industrial, media converters are intended for use outdoors or in areas that may be exposed
to temperature fluctuations, moisture, dirt, and EMI. Hardened media converters are rated for a specific
temperature range. Temperature tolerances from —13°F to 140°F (—25°C to 60°C) are common, and some
media converters are rated for extreme temperatures from —40°F to 167°F (—40°C to 75°C). These media
converters are usually housed in hardened metal cases that are sealed against contaminants including
particulates such as airborne dust, moisture, and sometimes chemicals. Conformal coating is a special
film or coating applied to electronic circuitry to provide additional protection from contaminants. Hardened
media converters are often designed to be DIN rail mounted or have separate brackets for DIN rail
mounting. Media converters for industrial applications are usually built to withstand higher EMI than those
intended for office or data center use.

Link Loss Pass Through

When a network device such a switch detects that a link is broken, the Link indicator on its front panel
goes out, alerting the network administrator that the connection is lost. The situation becomes a bit more
complicated, however, when the switch has a media converter between it and its primary link. In this case,
the switch can detect that the link to the media converter is broken but can’t detect a broken link on the
other side of the media converter. If the fiber link goes down, the switch does not notice because it still
“sees” the media converter.

To counteract this problem, media converters commonly have a feature called link loss pass through,
which simply means that the media converter passes the news of a broken link onward. In other words,
when either a twisted-pair or a fiber link is broken, the information about this link loss is transferred to the
other media link.
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1.6

1.7

Media Converter Applications

Fiber is already established for LAN backbone applications, and now fiber is making inroads in horizontal
cabling. Fiber carries more data than copper, making it more suitable for high throughput applications
such as streaming media and VolP. Additionally, as the price of copper rises, the price of installing fiber
continues to fall, making it an economical choice as well. Copper-to-fiber media converters help to ease
the financial shock of migrating network equipment to fiber. These media converters are a simple,
inexpensive solution for matching copper ports to fiber infrastructure. From the data center to the desktop,
from the CO to the home, media converters are bringing fiber connectivity to areas where copper has long
been the medium of choice.

In the data center, media converters extend the productive life of existing copper-based switches,
providing a gradual migration path from copper to fiber. Chassis-based media converters mount in racks
alongside network switches, enabling the conversion of copper ports on legacy switches to fiber. Media
converters can also be used with new copper switches that have fixed RJ-45 ports, which are significantly
less expensive than the equivalent fiber switches. Here, network managers can convert only selected
copper ports for multi-mode or single-mode fiber as needed, bringing versatility to the data center while
bringing overall costs down.

But factors stand in the way of migrating copper infrastructure to fiber. First of all, there is the familiarity
factor; if an IT staff is familiar with copper, they are likely to continue to install copper even if copper is not
the best choice. Another major factor preventing the migration to fiber is the cost of changing network
devices out for fiber versions. An enterprise switch is a major investment, and there is also the cost of
adding fiber NICs to desktop PCs as well as other networked devices such as printers and wireless
access points.

Copper-to-Fiber Media Converter with TI DP83849

NOTE: In this Tl design, the DP83849 Demo Il board is used as the media converter to demonstrate
copper and fiber communication. This design has RJ-45 connectors for connecting the
copper inputs and FO transceivers to connect the FO input. Provision to connect the required
power supply from an external source is also provided on the EVM. Additionally, jumpers to
configure the PHYTER™ to function as a media converter without the need for any software
programming has been provided on this board.

Texas Instruments' innovative port switching offers system developers a host of unique, customizable
features to meet the needs for specific applications. This novel feature is available in TI's multi-port
Ethernet chips, starting with the PHYTER dual 10/100 Ethernet physical layer (PHY) transceiver
(DP83849). The concept behind flexible port switching is to allow the system developer to configure each
of the internal data paths independently. This approach offers significant advantages over other multi-port
physical layer devices. In particular, the flexible assignment of the ports enables many options not
available in multi-component PHY designs, including media conversion, cable extension, and port
mirroring.
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2 Design Features

The media converter board (DP83849 Demo Il board) features:

Multiple PHY addresses: Defaults are 00h (Port A), 01h (Port B) with increment even values through
30h (Port A) and odd values through 31h (Port B)

Nine LEDs: One power, Two INTERRUPT, and six others (two LINK, two SPEED, two ACT/COL)
dependent on the LED mode selected

Strap options for ports (A and B): ED_EN, MDIX_EN, LED_CFG, and autonegotiation
FX_EN jumper: Port B only

SNI_MODE resistor: Works with MII_MODE pin to set 10-Mb SNI mode. See Section 3.9: Strap
Options of the DP83849IF datasheet for details

MII_MODE resistor: To set RMIl mode. See Section 3.9: Strap Options of the DP83849IF datasheet for
details

EXTENDER_EN jumper: To set into Extender mode that DP83849IVS and DP83849IFVS support. See
the DP83849IF datasheet for details

CLK2MAC_DIS jumper: To disable clock to MAC output
RESET N jumper: To allow external reset
PWR_DWN/INT jumper: To set the device into Interrupt mode
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3 Block Diagram
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Figure 3. DP83849 Demo Board Block Diagram
The DP83849 demo board is used to test the media conversion. The demo board consists of
» Dual Ethernet PHY
 LEDs
* Jumper settings
» Power supply
3.1 DUAL Ethernet PHY
The PHY used as media converter is the DP83849IF. The DP83849IF is a DUAL industrial temperature
PHY with fiber support (FX), which does not need any software conflagration to function as a copper-to-
fiber media converter.
3.2 LEDs
Nine LEDs have been provided on the EVM.
Table 3. Parameters for the LEDs Provided in TIDA-00306
PARAMETER NUMBER OF LEDs
Power
Interrupt 2
2 LINK, 2 SPEED, 2 ACT/COL, 6
dependent on the LED mode selected
3.3 Jumper Settings for Media Converter
Jumpers have been provided onboard to configure the Ethernet PHY for different functionalities.
3.4 Power Supply
External 3.3-V power supply can be applied to the EVM for normal operation.
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4 Circuit Design

4.1 Dual Ethernet PHY

The Dual Ethernet PHY features:

e Low-power 3.3-V, 0.18-um CMOS technology detection
* Low power consumption: <600 mW typical

» 3.3-V MAC interface and filters

» Auto-MDIX for 10/100 Mbps

e |EEE 802.3u PCS, 100BASE-TX transceivers

* |EEE 802.3u 100BASE-FX fiber interface

e Dynamic link quality monitoring

» Flexible MIl port assignment

* Integrated ANSI X3.263-compliant TP-PMD

» TDR-based cable diagnostic and cable length physical sub-layer with adaptive equalization detection
and baseline wander compensation

e Optimized latency for real-time Ethernet

e Programmable LED support for link, 10/100-Mbps operation mode, activity, duplex, and collision
» Single register access for complete PHY

» SNl interface (configurable) status

» MIl serial management interface (MDC and MDIO)

* 80-pin TQFP package (12x12 mm)

The DP83849IF pins are classified into the following interface (See the DP83849IF datasheet for details):
» Serial management interface

* MAC data interface

* Clock interface

* LED interface

* JTAG interface

* Reset and power down

e Strap options

* 10/100-Mbps PMD interface

» Special connect pins

e Power and ground pins
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Figure 4. Typical Application Using DP83849IF
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i i
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[} }
L U R R N PN R P 1
v
LEDs  TPTD/FXTD+  TPRD/FXRD+ JTAG TPTD/FXTD+  TPRD/FXRD+  LEDs

Figure 5. Function Block Diagram for DP83849IF

41.1 Media Converter Configuration

The DP83849IF supports both twisted pair (100BASE-TX and 10BASE-T) and fiber (L00BASE-FX) media.
Each port may be independently configured for twisted pair (TP) or fiber (FX) operation by strap option or
by register access.

At power-up or reset, the state of the COL_A and COL_B pins select the media for ports A and B,
respectively. The default selection is TP mode while an external pull-up selects FX mode. Strapping a port
into FX mode also automatically sets the far-end fault enable, bit 3 of PCSR (16h), the scramble bypass,
bit 1 of PCSR (16h), and the descrambler bypass, bit 0 of PCSR (16h). In addition, the media selection
may be controlled by writing to bit 6, FX_EN, of PCSR (16h).
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41.2

LED Interface

The DP83849IF supports three configurable LED pins for each port. Several functions can be multiplexed
onto the three LEDs using three different modes of operation. The LED operation mode can be selected
by writing to the LED_CFGJ1:0] register bits in the PHY Control Register (PHYCR) at address 19h, bits
[6:5]. In addition, LED_CFGJO0] for each port can be set by a strap option on the CRS_A and CRS_B pins.
LED_CFG[1] is only controllable through register access and cannot be set by as strap pin.

Table 4. LED Mode Selection

MODE LED_CFG[1] LED_CFG[0] LED_LINK LED_SPEED LED_ACT/LED_COL
. ON for good link ON in 100 Mbps ON for activity
L Don't care 1 OFF for no link OFF in 10 Mbps OFF for no activity
2 0 0 ON for good link ON in 100 Mbps ON for collision
BLINK for activity OFF in 10 Mbps OFF for no collision
3 1 0 ON for good link ON in 100 Mbps ON for full duplex
BLINK for activity OFF in 10 Mbps OFF for half duplex

The LED_LINK pin in Mode 1 indicates the link status of the port. In 100BASE-T mode, a link is
established as a result of input received amplitude compliant with the TP-PMD specifications, which
results in internal generation of signal detect. A 10-Mbps link is established as a result of the reception of
at least seven consecutive normal link pulses or the reception of a valid 10BASE-T packet. This reception
causes LED_LINK to assert. LED_LINK will de-assert in accordance with the link loss timer as specified in
the IEEE 802.3 specifications.

The LED_LINK pin in Mode 1 will be OFF when no link is present. The LED_LINK pin in Mode 2 and
Mode 3 will be ON to indicate that the link is good and BLINK to indicate activity is present on activity. The
BLINK frequency is defined in BLINK_FREQ, bits [7:6] of register LEDCR (18h).

Activity is defined as configured in LEDACT_RX, bit 8 of register LEDCR (18h). If LEDACT_RX is 0,
activity is signaled for either transmit or receive. If LEDACT_RX is 1, activity is only signaled for receive.
The LED_SPEED pin indicates a 10- or 100-Mbps data rate of the port. The LED is on when operating in
100Mbps mode and off when operating in 10-Mbps mode. The functionality of this LED is independent of
mode selected.

The LED_ACT/LED_COL pin in Mode 1 indicates the presence of either transmit or receive activity. The
LED will be on for activity and off for no activity. In Mode 2, this pin indicates the collision status of the
port. The LED will be on for collision and off for no collision. The LED_ACT/LED_COL pin in Mode 3
indicates duplex status for 10- or 100-Mbps operation. The LED will be on for full duplex and off for half
duplex. In 10-Mbps half-duplex mode, the collision LED is based on the COL signal. Since these LED pins
are also used as strap options, the polarity of the LED is dependent on whether the pin is pulled up or
down.
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4.1.3 Strapped Extender and Media Converter Mode
The DP83849IF provides a simple strap option to automatically configure both channels for extender and
media converter mode with no device register configuration necessary. The EXTENDER_EN strap can be
used in conjunction with the autonegotiation straps (AN_EN, ANO, AN1), the RMII mode strap, and the
fiber mode (FX_EN) strap to allow many possible configurations. If extender mode is strapped but RMII
mode is not, both channels automatically configure for single-clock Ml receive and transmit modes. The
optional use of RMII mode in conjunction with extender mode allows flexibility in the system design.
Table 5. Common Configuration Modes
MODE AUTONEGOTIATION STRAPS FIBER MODE STRAPS
100-Mb Copper Extender Both channels are forced to 100-Mb full duplex Disabled for both channels
100-Mb Fiber Extender N/A Enabled for both channels
10-Mb Copper Extender Both channels are forced to 10-Mb full duplex Disabled for both channels
100-Mb Media Converter One channel is forced to 100-Mb full duplex Enabled for the other channel
41.4 Notes and Restrictions
For an extender and media converter, both channels must be operating at the same speed (10 or 100
Mbps). This match can be accomplished by using straps or channel register controls. Both channels must
be in full-duplex mode. Both channels must either be in RMIl mode (RBR:RMII_EN = 1) or full single-clock
MIlI mode (RBR:SCMII_RX =1 and RBR:SCMII_TX = 1) to ensure synchronous operation. If only one RX
to TX path is enabled, SCMII_RX in the RX channel (RBR register 17h bit 7) and SCMII_TX in the TX
channel (RBR register 17h bit 6) must be set to 1. Media conversion is only supported in 100-Mb modes;
one channel must be in fiber mode (100Base-FX) and the other channel must be in copper mode
(100BASE-TX).
4.2 LEDs
Table 6. LEDs Used in TIDA-00306
FUNCTION LED JUMPER SETTING
PLED_ACT/COL_B D2 Ja2 Strapped-low
PLED_SPEED_B D3 Ja3 Strapped-low
PLED_LINK_B D4 Jaa Strapped-high
PLED_LINK_A D5 Jas Strapped-high
PLED_SPEED_A D6 J46 Strapped-high
PLED_ACT/COL_A D7 347 Strapped-high
14 Copper-to-Fiber Ethernet Media Converter TIDU510-September 2014
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4.3 Jumper Settings for Media Converter

Table 7 describes the different jumpers, names, functions and settings for configuring the board for the
media converter.

Table 7. Jumper Settings for TIDA-00306

JUMPER NAME ‘ FUNCTION SETTING®
AUTONEGOTIATION
J42 ANEN_B Port B: Enable or disable autonegotiation Strapped-low
343 AN1_ B Port B: Forced or advertised operation mode Strapped-low
in autonegotiation
Port B: Forced or advertised operation mode .
Ja4 ANO_B in autonegotiation Strapped-high
345 ANO_A Port A: Forced or advertised operation mode Strapped-high
in autonegotiation
Port A: Forced or advertised operation mode .
J46 AN1_A in autonegotiation Strapped-high
Jar ANEN_A Port A: Enable or disable autonegotiation Strapped-high
FUNCTION
Allow extender mode
J40 XTENDER_EN (For DP83849IVS/IFVS) Strapped
Jal CLK2MAC_DIS Disable clock to MAC output
Ja8 PWRDOWN_INT_B Port B: Allow power down and interrupt mode
J49 ED_EN_B Port B: Enable energy detect mode
Port B: Enable fiber mode
J50 FX_EN_B (For DP83849IDVS/IFVS) Strapped
Port B: Enable or disable MDIX mode :
J51 MDIX_EN_B (default enables) Strapped-high
Port B: Allow LED configuration.
J52 LED_CFG_B See the DP83849IF datasheet
Port A: Allow LED configuration.
55 LED_CFG_A See the DP83849IF datasheet
Port A: Enable or disable MDIX mode :
J56 MDIX_EN_A (default enables) Strapped-high
J57 ED_EN_A Port A: Enable energy detect mode
J58 PWRDOWN_INT_A Port A: Allow power down and interrupt mode
J13 PCOL_A Strapped
Remove jumper on connector J92 in case an
J92 3V3 external 3.3-V power has to be applied. Use J13
ground pins
@ All blank settings are not applicable.
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4.4 Power Supply

To apply an external 3.3 V, remove jumper J92 and use pin 1, labeled as 3V3, for (+) and pick the nearest

ground pin for (-) connections.

Table 8. Power Consumption at 3.3-V Supply

PARAMETERS POWER (mW)
Ethernet PHY: Single supply 600
FO: Transmit 600
FO: Receive 250
Total 1450

4.5 Fiber-Optic Cords for Ethernet Applications

Figure 6. Fiber-Optic Cords Examples

FO patch cords are ideal for high data-rate systems including FDDI, multimedia, Ethernet backbone, ATM,
or any network that requires the transfer of large and time-consuming files.

Features include:
» Perfect for use in Ethernet applications
» High bandwidth supporting longer distances

Table 9 lists the major specifications:

Table 9. Fiber-Optic Cable Specifications for TIDA-00306

HEADING 1 HEADING 2
First connector SC duplex
Second connector SC duplex
Cable diameter 0.12" (3.0 mm)
Cable type Buffered fiber
Fiber type 62.5/125
Overall length 16.4' (5.0 m)
Type Multimode, duplex

NOTE: The SC connector is an FO connector with a push-pull latching mechanism, which provides
quick insertion and removal while also ensuring a positive connection.

16 Copper-to-Fiber Ethernet Media Converter TIDU510-September 2014
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Test Setup

5 Test Setup

5.1 Communication Interface Testing (Computer to Device)
Media converter mode, shown in Figure 7, allows conversion of copper to fiber and vice-versa at 100

Mbps. This configuration allows longer run fiber to be used in situations where fiber support is not built into

the end device. This configuration can also be combined with power over Ethernet on the copper side.

Fiber

1-km
fiber
cable

Switch

Figure 8. DP83849IVS-EVK with Copper and Fiber
Options

F N

CAT5
cable

A

> P X
Port A Port B
RX
RX
Fiber Copper

Figure 7. Media Converter Example

Node

Figure 9. DP83849IVS-EVK Connected with Fiber-Optic
Brick
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5.2 Media Converter Implementation
The PHYTER dual incorporates two methods of configuring the extender and media converter mode:
through a simple strap option or register control. Note that the definitions of an extender and media
converter only differ in their physical (copper or fiber) interfaces; the port swapping is the same. The
optional use of RMII mode in conjunction with the extender and media converter mode allows flexibility in
the system design.
P P | x
MAC A Port A <4—» Primary Link
RX ¢ RX
™ ! TX
MAC B Port B <+—» Secondary Link
rx| RX
Figure 10. Media Converter (Strapped)
Several common configurations are shown in Table 10. Note that either single-clock MIl or RMII can be
configured independently from the flexible port mode; however, both ports must be configured to the same
common-clock mode. Because the EXTENDER_EN strap forces full-duplex mode (including
autonegotiation advertisement), the ANO (duplex) strap is not shown. If the receive MIl ports are to be
monitored, disable the energy detect and power-down modes.
Table 10. Common Strapped Extender and Media Converter Mode Configurations
FIBER MODE
AUTONEGOTIATION STRAPS
MODE STRAPS NOTES
AN_EN_A AN1_A AN_EN_B AN1_B FX_EN_A | FX_EN_B
100-Mb 1 1 1 1 0 0 Advertise 10/100-Mb
Copper full duplex
Extender 0 1 0 1 0 0 Force 100-Mb full duplex
100-Mb
Fiber Don't care Don't care Don't care Don't care 1 1 No autonegotiation
Extender
10-Mb 1 0 1 0 0 0 Advertise 10-Mb full duplex
Copper
Extender 0 0 0 0 0 0 Force 10-Mb full duplex
Don't care Don't care 1 1 1 0 Pprt A fiber, B _is copper
with autonegotlatlon
. . Port A is copper with
100-Mb 1 1 Don't care Don't care 0 1 autonegotiation, B is fiber
Media —_
Converter | pon't care Don't care 0 1 1 0 Port A is fiber,
B is copper forced
. . Port A is copper forced,
0 1 Don't care Don't care 0 1 B is fiber
18 Copper-to-Fiber Ethernet Media Converter TIDU510-September 2014

Submit Documentation Feedback
Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDU510

13 TEXAS
INSTRUMENTS

www.ti.com Test Results

6 Test Results

The media converter interface connectivity tests have been tested as below.

6.1 Ping Test

A ping test can be used to determine whether the board can communicate with other devices and
computers over the Ethernet network and is commonly used to troubleshoot network and LAN cable
problems. Ping uses ICMP protocol to send the request to a target IP address at periodic intervals and
measure the time it takes for a response to arrive. Ping results can confirm whether the connection
succeeds or not.

If Ethernet communication is established, the result also displays the communication latency. The latency
results can vary depending on the network traffic.

Ping test can be invoked from command prompt on windows using the following format:
* ping <IP address> <options>
Example: ping 172.168.0.1 —t

This command pings the IP address 172.168.0.1. The option -t is used to ping the IP address repeatedly
and periodically until it is stopped. By default, a ping command invocation sends four requests periodically.

If the ping request does not receive a response, check the Ethernet LEDs.
» If the link or activity LEDs do not blink, check if the Ethernet cable is properly inserted.
» Ensure that the board (DUT) and test PC have the IP address in the same subnet range.

If an Ethernet switch or hub is used to connect the DUT and test PC, ensure the appropriate link or activity
LEDs are glowing.

NOTE: Link LEDs glow when the Ethernet cable is properly inserted.

Activity LEDs glow when there is network traffic. For example, ping can be used to generate
the traffic.
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6.1.1 Communication Interface Testing (Computer to Device)—Ping Test
The ping test is done while both the boards are setup as Section 5. Network connection settings for ping
test are:
1. Go to Network Connections.
2. Go to Local Area Connection.
3. Right click for Properties.
4. Select Internet Protocol Version 4 (TCP/IPv4).
5. Go to Properties.
6. Select Use the following IP Address.
7. Enter the IP address "192.16.0.100" and click on Subnet Mask (It should show 255.255.255.0).
8. Click OK.
9. Click Close.
Go to Start—Run—Type "cmd"—Type "ping 192.16.0.1" and click Enter. A window similar to Figure 11
and show four replies.
Bl CWindows\system32iemd.exe = | E |
Microseoft Windows [Uerszion 6.1.766011 -
Copuright <c? 2009 Microsoft Corporation. All rights reserved. =
C:wUzersy »ping 192 .16.68.1
Pinging 192.16.8.1 with 32 bytes of data:
Heply from 192.16.8.1: bhytes=32 time=1ms TIL=1Z8
RHeply from 192.16.8.1: bhytes=32 time<ims TIL=1Z8
Heply from 192.16.8.1: bhytes=32 time<ims TIL=1Z8
-Reply from 192 .16.8.1: bytes=32 time<ims TIL=1Z8 i
BPing statistics for 192.16.8.1:
Packets: Sent = 4. Received = 4, Lost = 8 <(Bx loss>,
Approximate round trip times in milli-seconds:
| Minimum = Bms,. Haximum = 1ims. Average = Bms
BC:\Users™ -
Figure 11. Ping Test
The replies from the IP address indicate the interface works well. Because the number of sent and
received packets is the same, there is no packet loss. Now test this interface with the —t option over a
period of time to check if there is a packet loss over a period of time.
20 Copper-to-Fiber Ethernet Media Converter TIDU510-September 2014
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For continued replies, type “ping 192.16.0.1 —t" and click the Enter key to show the following window and
show continuous replies for the ping (see Figure 12).

Microsoft Windows [Uersion 6.1.76811
Copyright <c)> 2089 Microsoft Corporation. All rights reserved. —

C=Userss >ping 192 16.8.1

Pinging 192.16.8.1 with 32 bytez of data:

Reply from 192.16.08.1: bytes=32 time=1ms TTL=128
Reply from 192.16.8.1: bytes=32 timed{ims TTL=128
Reply from 192.16.8.1: bhytes=32 time<ims TTL=128
Reply from 192.16.8.1: bytes=32 time<ims TTL=128 =

»

Ping statistics for 192_.16.8.1:

Packets: Sent = 4, Received = 4, Lost = B {(Bx loss).,
Approximate round trip times in milli-seconds:

MHinimum = Bms. Maximum = 1lms,. Average = Bms

C:slUsers~ >ping 192.16.8.1 —t

inging 192.16.8.1 with 32 bytes of data:

eply f 192 .16.8.1: =32 time=ims TTL=128
eply 192 16 .8.1: time<{imz TTL=128
eply 192.16.8.1: bytes=32 time<{imz TTL=128
eply bytes=32 time{ims TIL=128
eply bytes=32 time<{ims TTL=128
eply R bytes=32 time<imz TTL=128
eply . bytes=32 time<{ims TTL=128
eply bytes=32 time{ims TIL=128
eply bytes=32 time<{ims TTL=128
eply R bytes=32 time<imz TTL=128
eply . bytes=32 time<{ims TTL=128
eply bytes=32 time{ims TIL=128
eply bytes=32 time<{ims TTL=128
eply R bytes=32 time<imz TTL=128
eply . bytes=32 time<{ims TTL=128
eply bytes=32 time{ims TIL=128
eply bytes=32 time<{ims TTL=128
eply R bytes=32 time<imz TTL=128
eply . 2=32 time<{imz TTL=128
eply time{ims TIL=128
eply time{ims TTL=128
eply R time<{imz TTL=128
eply . bytes=32 time<{ims TTL=128
eply bytes=32 time{ims TIL=128
eply bytes=32 time<{ims TTL=128
eply R bytes=32 time<imz TTL=128
eply . bytes=32 time<{ims TTL=128
eply bytes=32 time{ims TIL=128
eply bytes=32 time<{ims TTL=128
eply . bytes=32 time<{ims TTL=128
eply . bytes=32 time<{ims TTL=128
eply bytes=32 time<{ims TIL=128
eply bytes=32 time<{ims TTL=128
eply . bytes=32 time<{ims TTL=128
eply . bytes=32 time<{ims TTL=128
eply bytes=32 time<{ims TIL=128
eply bytes=32 time<{ims TTL=128
eply . bytes=32 time<{ims TTL=128
eply . 2=32 time<{imz TTL=128
eply time<{ims TIL=128
eply time{ims TTL=128
eply . time{ims TTL=128
eply . bytes=32 time<{ims TTL=128
eply bytes=32 time<{ims TIL=128
eply bytes=32 time<{ims TTL=128

Figure 12. Ping Test (for Continuous Replies)

= Ch\Windows\system32\cmd.exe - ping 192.16.0.1 -1 |
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To stop the ping requests, press CTRL+C or close the command prompt window. The command window
shows the following window and the replies are stopped (see Figure 13).

Reply from 192.16.8.1: bytes=32 timedims TTL=128 -
from 192.16. hytes=32 time<ims TTL=128
from hytes=32 time<imsz TTL=128
from hytes=32 time<imsz TTL=128
from -16. hytes=32 time<{ims TTL=128
from hytes=32 time<ims TTL=128
from hytes=32 time<ims TTL=128
from 16, hytes=32 time{ims TTL=128
from hytes=32 timedims TTL=128
from 16, hytes=32 timedims TTL=128
from hytes=32 timedims TTL=128
from hytes=32 time<imsz TTL=128
from . bhytes=32 time<imsz TTL=128

Ping statistics for 192.16.8.1:
Packets: Sent = 48, Received = 48, Lost =
Approximate round trip times in milli-seconds:
Minimum = Bms, Maximum = ims, Average = Bms
Control-C
~C

A (B@x loss>.

C:sUsers™ e

Figure 13. Ping Test Stopped

The results indicate no packet loss and the time to respond is less than or equal to 1 ms.

The data traffic can also be monitored using the Wireshark tool. To begin, open the Wireshark software,
select the network Local Area Connection, go to the Capture menu, and click on Start. The window shows
the requests and replies as shown in Figure 14.

|4 Capturing from Local Area Connection  [Wireshark 1.10.5 (SVI

File Edit View Go Capture Analyze Statistics Telephony Tools Internals Help

©® & u px@aesaTFl (EE QD @®B % H
Filter: Expression... Clesr Apply Save
MNo. Time Source Destination Protocol Length Info
1 0.00000000 De11_31:03:fc Broadcast ARP 42 who has 192.16.0.17 Tell 192.16.0.100
2 0.0003190044:33:22:00:00:66 Dell_31:03:fc ARP 60 192.16.0.1 is at 44:33:22:00:00:66
3 0.00047000192.16.0.100 192.16.0.1 ICMP 74 echo (ping) request 1d=0x0001, seq=168/43008, ttl1=128 (reply in 4)
4 0.00080800192.16.0.1 192.16.0.100 ICMP 74 echo (ping) reply 1d=0x0001, seq=168/43008, tt1=128 (request in 3)
5 1.00094600192.16.0.100 192.16.0.1 ICMP 74 echo (ping) request 1d=0x0001, seq=169/43264, ttl1=128 (reply in &)
6 1.00132800192.16.0.1 192.16.0.100 ICMP 74 echo (ping) reply id=0x0001, seq=169/43264, tt1=128 (request in 5)
7 2.00292600192.16.0.100 192.16.0.1 ICMP 74 echo (ping) request 1d=0x0001, seg=170/43520, tt1=128 (reply in &)
8§ 2.00330700192.16.0.1 192.16.0.100 ICMP 74 echo (ping) reply id=0x0001, seq=170/43520, tt1=128 (request in 7)
9 3.00496100192.16.0.100 192.16.0.1 ICMP 74 Echo (ping) request 1id=0x0001, seq=171/43776, tt1=128
10 3.00534700192.16.0.1 192.16.0.100 ICMP 74 Echo (ping) reply 1d=0x0001, seg=171/43776, tt1=128 (request in 9)

4 Frame 1: 42 bytes on wire (336 bits), 42 bytes captured (336 bits) on interface 0
+ Ethernet II, src: Dell_31:03:fc (5c:26:0a:31:03:fc), Dst: Broadcast (ff:ff:ff:ff:ff:ff)
= Address Resolution Protocol (reguest)

Hardware type: Ethernet (1)

Protocol type: IP (0x0800)

Hardware size: 6

oOpcode: request (1)

Sender MAC address: DelT1_31:02:fc (5¢:26:0a:21:03:fc)
Sender IP address: 192.16.0.100 (192.16.0.100)

Target MaC address: 00:00:00_00:00:00 (00:00:00:00:00:00)
Target IP address: 192.16.0.1 (192.16.0.1)

o000 ff ff ff ff ff ff 5c 26 0a 31 03 fc 08 06 00 01  ...... W& 1.,
0010 08 00 06 00 01 5c 26 Oa 31 03 fc <0 10 00 64 ...H.. Y- BN d
0020 00 00 00 Q0 00 Q0 cO 10 OO OQOL ... ..

O [#7 | Protocol size (arp.proto.size), 1 byte Packets: 10 - Displayed: 10 (100.0%) Profile Default

Figure 14. Wireshark Results for Data Traffic

The results on a sniffer like Wireshark can be used for troubleshooting and debugging.

22 Copper-to-Fiber Ethernet Media Converter TIDU510-September 2014

Submit Documentation Feedback
Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDU510

i3 TEXAS
INSTRUMENTS

www.ti.com Test Results

6.2 Web Server Interface

The web server is used to demonstrate a real application (TCP/IP layer). The web page can be refreshed
manually (F5 key) to reload the web page, thus creating traffic on Ethernet. The ability to invoke traffic on
Ethernet as and when required can be very useful when performing EMI/EMC tests.

6.2.1 Communication Interface Testing (Computer to Device)—Web Server Test

The web server test is done with the same setup as Section 5. The settings for web server test are:
Launch Internet Explorer®.

Go to Tools.

Click on the Internet Options tab.

Go to the Connections tab.

Go to LAN Settings.

Unclick Use automatic configuration script and click Automatically detect settings.

7. Click OK and then OK again.

Type the IP address "http://192.16.0.1/" in the browser and click Enter to show the following window

S o

(Figure 15).
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B Y Local ders Covvecion: < cagna..  Pacemc 17 - Daplapna §7 (20005 it & @ ot | Prowsned Moos On " 1%
Figure 15. Web Server Test
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The data traffic can also be monitored using the Wireshark tool. To begin, open the Wireshark software,
select the network Local Area Connection, go to Capture menu, and click on Start. The window shows the
requests and replies as shown in Figure 16.

| capturing from Local Area e |

File Edit View Go Capture Analyze Statistics Telephony Tools Intenals Help

G Emd | EDRE AE DT L Qaap| #®m%| 6

Filter: Expression... Clear Apply Save
MNo. Time Source Destination Protocol Length Info
1 0.00000000192.16.0.100 192.16.0.1 TCP 66 50349 > http [SYN] Seg=0 Win=8192 Len=0 M55=1260 W5=4 SACK_PERM=1
2 0.00038600192.16.0.1 192.16.0.100 TCP 60 http > 50349 [SYN, ACK] 5eq=4294966626 Ack=1l Win=1546 Len=0 M55=1546
3 0.00056400192.16.0.100 192.16.0.1 TCP 54 50349 > http [ACK] Seg=1 Ack=4294966627 Win=65520 Len=0
4 0.00170000192.16.0.100 192.16.0.1 HTTP 410 GET / HTTP/1.1
5 0.00243300192.16.0.1 192.16.0.100 TCP 724 [TCP segment of a reassembled PDU]
6 0.20901800192.16.0.100 192.16.0.1 TCP 54 50349 > http [ACK] Seg=357 Ack=1 Win=64850 Len=0
7 0.20930600192.16.0.1 192.16.0.100 TCP 60 http > 50349 [P5H, ACK] Segq=1 Ack=357 Win=1546 Len=5
8§ 0.40992700192.16.0.100 192.16.0.1 TCP 54 50349 > http [ack] seg=357 Ack=6 win=64845 Len=0
9 0.41078000192.16.0.1 192.16.0.100 TCP 96 [TCP segment of a reassembled pDu]
10 0.61098800192.16.0.100 192.16.0.1 TCP 54 50349 > http [ACK] Seq=357 Ack=48 win=64803 Len=0
11 0.61135400192.16.0.1 192.16.0.100 HTTP 60 HTTP/1.0 200 OK
12 0.61154500192.16.0.100 192.16.0.1 TCP 54 50349 > http [ACK] 5eq=357 Ack=49 win=64803 Len=0
13 0.61313500192.16.0.100 192.16.0.1 TCP 54 50349 > http [FIN, ACK] 5eq=357 Ack=49 win=64803 Len=0
14 0.61419700192.16.0.1 192.16.0.100 TCP 60 http > 50349 [ACK] seq=49 Ack=358 win=1546 Len=0
Frame 1: 66 bytes on wire (528 bi , 66 bytes captured (528
Ethernet II, Src: Dell_31:03:fc (5c:26:0a:31:03:fc), Dst: 44:33 B :33:22:00:00:66)
Internet Protocol version 4, Src: 192.16.0.100 (192.16.0.100), Dst: 192.16.0.1 (192.16.0.1)
= Transmission Control Protocol, Src Port: 50349 (50349), Dst Port: http (80), Seq: 0, Len: O

Source port: 50349 (50349)
Destination port: http (80)
[stream index: 0]
Sequence number: 0 (relative sequence number)
Header length: 32 bytes
Flags: 0x002 (SYN)
window size value: 8192
[calculated window size: §192]
[# Checksum: 0x5521 [validation disabled]
= options: (12 bytes), Maximum segment size, No-Operation (NOP), window scale, No-Operation (NOP), No-Operation (NOP), SACK permitted

0000 [EREERFFEVVEECT- T

[ lV00 34 6e ae 40 00 80 06

[erivNO00 01 c4 ad 00 50 03 fO bl 49 00 00 00 00 80 02
[(eE{ >0 00 55 21 00 00 02 04 04 ec 01 03 03 02 01 Oi]
0040  [EEIGE

@ 7| Frame (frame). 66 byvtes | Packets: 14 - Displaved: 14 (100.0%) | Profile: Default

Figure 16. Data Traffic Capture for Web Server Test

Each time the page is refreshed, the count on the web page will be incremented. If the refresh count on
the web page does not increase even after pressing F5, check the connectivity.
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7 Design Files

7.1 Schematics
To download the schematics, see the design files at TIDA-00306.

3v3 PFBOUT - - TS0t -
PMDIO_B - .
PMDC_B E i ; 3v3
| | | Do Not Stuff !
JA 418 Jc ! 1
av3 1 !
PMDIO_A 1 2 3 490 i L €L L €L L
. Ut d o i ——=C ==C ==C ==C8 = C9
e 8:41 : : G ; | ot Tor Tode T ot T oo
R1 5 ramx r  Socos ] 1
= = 15K 8 22323 5 22z2 ! 1
- - S 38as S Spom ! 1
8 3833 £ EEEE 1T clkemac !
MDIO ! 861 vpio s ==== o CLK2MAC i ! .
MDC 67 Mbc Ed [ e For ANA33VDD (pin 30), IOVDD1 (pin 11),
10VDD2 (pin 51), IOVDD3 (pin 65), IOVDDA4 (pin 78)
PTXD3 B 454 1XD3_B/SNI_MODE_B PWRDOWN_INT_B PWRDOWN_INT_B
PTXD2 B 461 TxD2 B
PTXD1_B 421 131 B PWRDOWN_INT_A PWRDOWN_INT_A PFBOUT
PTXDO_B 481 TXD0_B
PTXEN_B 49 {1} EN B
PTXCLK_B S0 TX CLK_B
@ LED_LINK_B/ANO_B PLED_LINK_B - o(i‘u‘F - 001112; - D‘i'u‘F - 001115;
PRXD3 B 3| RXD3_B/ED_EN B LED_SPEED_B/FXSD_B/ANT_B PLED_SPEED_B : -
PRXD2_B 561 RXD2_BIEXTENDER EN [ED_ACT/COL_B/AN_EN_B PLED_ACT/COL_B
PRXD1_B 52 RXD1_B/PHYAD4
PRXDO_B RXDO_B/PHAD3

PCOL_B 89 { CoL_B/FX_EN B
PRXER_B 80 | RX_ER_B/MDIX_EN_B
PCRS_B 611 CRS_B/CRS_DV_B/LED_CFG_B TPRDM_B/FXRDM_B ﬁ:g RDM_B
TPRDP_B/FXRDP_B RDP_B
PRXDV B 524 RX_DV_B/MIl_MODE_B TPTDM_B/FXTDM_B TOM B
PRXCLK_B 63| RX CLK_B TPTDP_B/FXTDP_B TDP_B

For PFBINZ (pin 28), PFBIN3 (pin 34),
PFBIN (pin 7), PFBIN4 (pin 54)

PFBOUT
PRXCLK_A eg RX_CLK_A TPTDP_A/FXTDP_A ﬁ:gmwx ilos = ca
PRXDV_A RX_DV_A/MII_MODE_A TPTDM_A/FXTDM_A TDM_A -~ T 01w
PCRS_A 1| CRS_A/CRS_DV_AILED_CFG_A TPRDP_A/FXRDP_A RDP_A 10uF
PRXER_A 2 RX_ER_AMDIX EN_A TPRDM_A/FXRDM_A RDM_A
PCOL_A COL_AFFX_EN_A

LED_ACT/COL_A/AN_EN_A PLED_ACT/COL_A
4 LED_SPEED_A/FXSD_A/AN1_A PLED_SPEED_A
PRXDO_A RXDO_A/PHYAD1 LED_LINK_A/ANO_A PLED_LINK_A

For PFBOUT (pin 31)

PRXD1_A 2| RXD1_APHYAD2
PRXD2_A £-1 Rxp2 A/CLK2MAC DIs
PRXD3_A RXD3_A/ED_EN_A
PTXCLK_A 124 1x_CLK_A
PTXEN_A 131 X EN_A !
- Place capacitors close to device pins.
PTXDO_A 1 Tx00_ A .
PTXD1_A 1 TXD1A o[22
PTXD2_ A 164 TxD2 A wSNR—¢ e oy, === === == - — - =
PTXD3_A TXD3_A/SNI_MODE_A ™S
-ASHL - 3
00 £
TCK
x2 x2
PX1 X1
Saos 58 -
RESET_N 9998 -—any 58 35 RBIAS
0003 2822 z=z un
23123 55606 00 xx
2222 88388 35 gg R20
$%%% 9999 oo oo 4.87K 1%
dgad dogd w
9 933 o
DP83849

}_

Figure 17. Ethernet PHY Schematic
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97
PMDIO B —9q: 2
PMDC_B 3 4
PRXD3_B 5 6
PRXDZ_B ; 13
XDT B
PRXDO B noo12
OV E 13 14
oIk 15 16
PRXCLK B
PRXER B 1; ;g Do not populate pull-down
x1B [> T 5; ;21 on X1_B, pin 21 of J7.
— 25 26
27 28
c28
33U-7343 5TXD: 2 %0
Mil_vDD_B 5TXD
5 33 34
-4 RET B 3
37 38
—d39 40
J9
vees  veet pl
t——2q cNp1  mpio P2 PMDIO_B
—2qon02  mpc pi PMDC B
t——2qoNps  Rxps i PRXD3. B
t——22q oNp4  Rxp2 P2 PRXD2 B
+——28q oNps  Rxp1 P8 PRXD1 B
¢t——2[qGND6  RxD0 PZ PRXDO D
¢——289 GND7  RX_DV & PRXDV B
¢+—22q GND8 RX_CLK P PRXGLR B
¢+—30d GND9  RX_ER PRXER B
t——3Iq oNpto TXER Pl
¢+——329 GND11 TX_CLK PTXCLK B
¢——33d eNp12  TX_EN P13 4 PTXEN B
349 GND13  TXDO P4 ﬁf/ SAA PO B
+——Bd onpta XDt PLE—— NI~ 35 PTXD1 B
¢——363 GND15  TXD2 7 gﬂ/ PTXD2_ B
¢——379 GND16  TXD3 D}ﬁ—ﬁ/{/— PTXD3_B
¢+——389 GND17  coL PCOL_B
¢+——399 GNp1s  cRs Pl PCRS_B
vcc4  veez 113
CON-MI-MALE oMDIO A d: p
1T % TR 3 4
33U-7343 RXD3S 5 6
- RXD2. 7 8
1 RXDT 9 10
PRXDO_A " 12
PRXDV_A 12 1‘;
410 MII_6 J8 PRXCLK A
- 17 18
1 MIl_VDD mi_sv <] q1 FRER A 19 20 Do not populate pull-down
2 B 2 XA C>—rpmexa 21 2 on X1_A, pin 21 of J13.
3 P Mi_3v3 <] d3 Xk % o4 _
- c30 BTXO0 A 25 26
33U-7343 PTXOT A 27 28
MIL_VDD_A PTXDZ A 29 30
PTXD3 A 31 32
PCOL A 33 34
PCRS_A g; gg
—d3e 40

GND13  TXDO 3 AN
—35gcnpi4  Txp1 piB 3 G
T

GND15  TXD2 A%

Cl
VvCC4 veez2
CON-MII-MALE

C31
-L]_ 33U-7343

Figure 18. MIl Schematic
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c114
Note: * Emm: I? 91

If using PoE switch, use port A.

The operation also requires baby board (to that effect).

Place capacitors and resistors
close to DP83849.

TDP_A
>
TDM_A
RDP_A
RX
RDM_A

Place capacitors close to
the transformer center taps.

3v3
A

For magnetic:

— Use H1102 for normal application
— Use H2019 for PoE application

Figure 19. Port A TP Schematic

1
3V3<t 2
—3
4
R236
5
165 :
7
POE Connector
D10
LTM673
V__ ¥
RO DR P R
i
= |
g i
| R226 R227 R228¢R229 Place these resistors
! Open S Open OpencOpen  close to TXC_A, RXC_A
_A, _A,
| NC1 to NC4 traces.
i
i
i
(A R R T
—_— e —— — — — — —
Note: Void power and ground planes
underneath the transformer.
¥
TX+ A
11 10+ P Tx+_s (16X PORTA
TXC_A
21 1pc_p Txc_s |15 1XC 1 o
J_ 34 10-P X s [H4—TEA 2 T NC F—x
™1 RD+ NC
cer 44NCt  SHGND1 H1—
0.1uF SAINC2  SHGND2 |12
L RX 1:1 &R0 sHonDs |12
- I{Nc3  sHoND4 14—
RX+ A NC4
61 RD+ P Rx+_s [F1 —
RXC_A -|
Zlrocp  Rxc_s [HORX CON-RJ4S
RX-_A
J_ & RD-_P RX-_s |2
c60
0.1uF H2019 (POE)
L et |
- i RXC B 237 il
1 Do not populate, - Open '
-ohm resistors. 238
i 0-0 esistors TXC_B 220 i
o J
T O O a1
| Remove R161 to R164 when R226 to R229 R161{R162{R163R164 |
| (0-ohm values) are used. 75 {75 15 75 !
! I
o e
c88
ISLAND_GND__ || GND_CHASSIS
T
1500pF
_——— Y — — — — — >ISLAND_GND 77
clor c108 w i
Place on Chassis Ground
either ‘
; 0.1uF 0.1uF
side of €109 c110
RJ-45 = = ‘
connector. 0.001uF 0.001uF
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Note:

— For fiber operation, populate all items on this page.
— For copper operation, do not populate all items on this page.

i |
3v3 3v3 | 3v3 3v3 3v3 Place capacitors, |
i f ? ? inductors, and !
1 resistors close to !
R165 R166 R167 R168 ! R169 R170 R171 R172 R217 transceiver. !
cTop B 50 50 130 130 ! Open Open 130 130 130 |
c89 | !
ToP 8 SR FXTP B i i FXTD+ B !
i
0.1uF | ! J89
i |
c90 | . 8 | 1o+
TDM_B ¢§}Z§‘ FXTM B i ' FXTD- B :
|
0.1uF : |—‘——L‘ ™.
CTDM_B ! ] u ) | .
Y Y Y L
! 1uH L2 | TX_Vee
|
| L1~ 2 5
: TuH A RX_Vce
PLED_SPEED_B > \/53%9 FXSD_B ; | il
F>c bM B | |
! - I
ROM_B g FXRM B : FXRD-_B ‘ alro
! i
i * RD+ g 3
I | >
FXRP_B FXRD+_B X!
RDP_B 2 ! ! ! ! <3~
= ! ‘
CROP_B R184 R188 R183 R184 | R185 R186 R187 R188 R218 % Co1+| —— co2 | HFBR-5803
Pl . d Open Open 80 80 | Open Open 80 80 80 0.1uF C93 == ==C9 !
ace capacitors an: I 10uF 0.1uF 0AUF |
resistors close to DP83849. ! I
L L ! L L | =
|
! i

Important note:

— R174, R175, R179, R239 are to be routed on bottom.

Figure 20. Port B FX Schematic
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. c103 c104
Note . ‘ Place on
If using PoE switch, use port A. | either U .
i i side of c105 c106
The operation also requires baby board (to that effect). | Rias = =
[ connector. 0.001uF 0.001uF
Place capacitors and resistors
close to DP83849.
CRDM_B<__> W T
3\;&3 ' rRo-_P Ry s 8RB PORTB
™ 2 RDC_P Rxc_s [1aRXC8B
- - 1
J_ 31 RD+ P Rx+_s |14 X8 1 2 13? Ne fF—<
9 cs3 RX 1:1 31 Ro+ NC fH10—
CROP_B R O 1uF ’ 4nci  sHonpt |1
Place capacitors close to I v SN2 sHaND2 2
. the transformer center taps. = X1 Z 53'3 332333 14
CTDM_B: 7 N st
\/gﬂl 611D p %_s fLTXB
7 Toc_P TxC_s |10 TXCB CON-RJ45
Rx J_ 8 7D+ P Tx+_s Xt B
cs5
Io.mF H2019 (POE)
CTDP_B /\%\1}3 L -

Important note:
— R173, R176, R180 are to be routed on top.

’7Note: Void power and ground planes
Lunderneath the transformer.

RXC_B

™eB [ pb—-e

For magnetic:

— Use H11202 for normal application.
— Use H2019 for PoE application.

R157{ R158¢{ R159 R160
75 75 75 75

Cc87
ISLAND GND | GND_CHASSIS
r

1500pF

/77

Chassis Ground

>>ISLAND_GND

Figure 21. Port B TP Schematic
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Integrity Interface
3v3<
LP3964 - 3.3V - 800mA U3 J92 ‘
MiL5V v Vout |2 3V3 LP3964 MIl_3v3 ‘ ‘
R63 b = uMDIO ‘
10K ggoF ‘ ‘
+ a u
SaF SO & Sense [ ‘ Zl:;:éatt:itsh J;eumper
‘{ DP83849. ‘
I L
3v3
3v3
t—
DB6 cin
2 ;mom:
: R231
M ‘ Mo
’7 - = NC7sZ1%6
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ‘ T 3v3
i i ‘ c33 ‘ DB7 uUs
! 223 5 X1_B [ i 9 1k ‘ 1
1 . i 224 I 33PF c112
| e xn | | l Lo
| ! R56 Y1 ‘ .
i s 1 P X1 Open XTAL - 25M ‘
i X1 - i ‘ -[ c35 ‘ = NC75Z126
i : i 8 ! - i
| Ves Oscilator 0 ! ‘ 13£PF €L 3v3 3va
| G !
! | ‘ o Us ) R233
! 50 MHZ (50 ppm) ! ‘ 1200 MG
! = ! ‘ Note: Do not stuff ‘ Toont T
! i in RMII configuration. =
I ! BUSY
! Clock distribution may be required. i ‘ ! 4
! | L I J NC7SZ126
Figure 22. Power, Clock, and uMDIO Schematic
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Interrupt Port B res 3\/@3 J36
. LED_ACT/COL_B 3v3 <
Ultra Bright Red 3\;3 lf oo PHYADA
D8 W\ )_ S AN
vk 234 2K 22K
o 448 D2 Ja7
R86 ; Hi Y & R93
5
PWRDOWN_INT_B < PWRDOWN_INT_B p ep acticoL 8 [> ANEN_B P2 9 © PRXDT A 1 : PHYAD2
22K Lo 65 - [::
Bicolor-LEDs 22K
R92
2K R96
PTXD3 B <} SNI_MODE_B % PRXDOB [ | PHYAD3
Open - o
pen
J49 LED_SPEED_B 3v3
RS q1 lf R PHYAD4
PRXD3_B > ED_EN_B - ’\F%K PRXD1 B [ >— AAA—— ]
Open
2.2K HI A\ 9,
J50 o5
Ros 47 | rx en B pueo-sreen [ ANLE i R PHYAD2 PHYAD1 PORTA PORTB
pcoLs [ > 2 - - Bicolor-LEDs - ; - = 0* — *0* - *1 -
22K 1
2K 1 0 1 2 3
ol = 1 0 4 5
R104 T
PRXER_B > MDIX_EN_B LED_LINK_B 3v3
22K . lf
R10! =2 D4 ,\B\gszK
5
i LED_CFG_B H N 107
PCRS B [> 2 PG 5 EXTENDER_EN
22K PLED_LINK_B A 109
: Lo 65
R110 Bicolor-LEDs " . 33 141
MIl_MODE_B oK 1 d1
PRXDV_B > — — =
- open : PRXD2_A [> d2 | cLkemac_pis
P = 22K
LED_LINK_A 3v3
N !
3\;&3 D5 2K
R112 o HI A\ Rse AN_LEN  AN1  ANO AUTO-NEG FORCED MODES
MI_LMODE_A  olebinka M—w_ ———3a' | aNnoA T & VM| AR AT A AR e TRV TR
PRXDV_A > — ! PLED_LINK_A
- Open L0 <l Rezs 0 0 0 10BASE-T  HALF-DUPLEX
P BicolorlEDS | | — = — — — — — — — — —
J55 g 0 0 1 10BASE-T  FULL-DUPLEX
R117 ; oK 1 i
PCRS.A [> LED_CFG_A = 0 1 0  100BASE-TX HALF-DUPLEX
22K - LED_SPEED_A 3v3 0 1 1 100BASE-TX FULL-DUPLEX
R119 T ’\B\?Q lf
PRXER_A > MDIX_EN_A 06 = AN_EN  AN1  ANO AUTO-NEG ADVERTISED MODES
22K HI ~ w., | @ | —_—m———— e — — —— —— =
157 PLED_SPEED A > ANT_A ps N 1 0 0 10BASE-T  HALF/FULL-DUPLEX
R126 Lo s 1] |\ """ ">""—- " "7~/ — 0 —
PRXD3_A > ] ' ED_EN_A Bicolor-LEDs | o ,1 OEB/EEi _ HALFIFULL-DUPLEX
22K 2K 1 1 1 0 10BASE-T  HALF-DUPLEX
R128 = 100BASE-TX HALF-DUPLEX
PTXD3 A <} SNI_MODE_A LED_ACT/COL_A 3v3 1 1 1 10BASE-T  HALF/FULL-DUPLEX
Open 100BASE-TX HALF/FULL-DUPLEX
P J58
d
R133 ; b7 /\P\%SZK
PWRDOWN_INT A <} PWRDOWN_INT_A " RS o
22K - PLED_ACT/COL A [ > AN_EN_A Yoluk 1 >
D9 - Lo 65
Vol 235 Bicolor-LEDs .
10
Ultra Bright Red 2K 1
Interrupt Port A =

Figure 23. Strap Options Schematic
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7.2  Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-00306.
Table 11. BOM
ITEM INSTALL QTY REFERENCE DESCRIPTION PACKAGE
1 27 ggocésgecgcg ggzcc?ga‘clclgflczlélllclcoisci%% %5130’8054' €55, €56, C57, C59, 0.1 pF, CAP, SMD, Ceramic, 0603 20% 16 V SMDO0603-A-1
2 1 C3 10 pF, 7343 SMD, Tan, 20% 25 V SMDO07343
3 4 C28, C29, C30, C31 33U-7343 SMD, Tan, 20% 25 V SMDO07343
4 2 C33,C35 33 pF CAP, SMD, Ceramic, 0805 10% 50 V SMD0805-A-1
5 1 C40 33 pF, Tantalum, +10%, 16 V 3528 SMD3528-B-1
6 1 C41 68 pF, Tantalum, +10%, 16 V 3528 SMD3528-B-1
7 2 C87, C88 1500 pF CAP, SMD, Ceramic, 1808 10% 2 KV
8 1 Co1 10 pF CAP, SMD, Tant, 3528 10% 16 V SMD3528-B-1
9 4 C105, C106, C109, C110 0.001 pF CAP, SMD, Ceramic, 0603 20% 16 V SMD0603-A-1
10 3 C111, C112, C113 100 nF CAP, SMD, Ceramic, 0603, 20%, 16 V SMD0603-A-1
11 1 C1l14 10 pF, Tantalum, +10%, 16 V 3528 SMD3528-B-1
12 6 D2, D3, D4, D5, D6, D7 Bicolor-LEDs 7011X5/7 Digikey L61057CT_ND
13 2 D9, D8 Ultra-Bright Red Panasonic LNJ211R82RA
14 1 D10 LTM673 OSRAM LTM673 Hyper-Bright LED OSRAM/LTM673-R1S2-35
15 1 J1 HDR-3X3 HDR-3X3
16 1 J2 CON2x5_TH CN-HDR2x5
17 17 J4,J23, 336, J37, J40, J41, J48, J49, J50, J51, J52, J55, J56, J57, J58, J90, J92 HDR-1X2 CN-HDR1X2
18 2 J13, 37 HDR-2X20 CN-MII-40P-RA-M
19 2 Jg, J10 HDR-1X3 CN-HDR1X3
20 DNP 2 J9, J14 CON-MII-MALE CN-MII-40P-RA-M
21 1 J26 HDR2X2 CN-HDR2X2
22 6 J42, 343, J44, )45, )46, )47 HDR_1X3 CN-HDR1X3
23 1 185 CON-RJ45 CN-PHONES8P8C-RA-SHLD RJ-45
Connector
23a DNP 1 184 CON-RJ45 CN-PHONES8P8C-RA-SHLD RJ-45
Connector
24 1 Jgg HFBR-5803 HFBR-5803 SC Connector
25 1 Jo1 POE Connector Sullins PPPC071LGBN
26 1 Jo3 HDR2X5 CN-HDR2X5
27 2 L1, L2 1 uH Murata LQM21N Series LQM21NN1ROK10D Ferrite Inductor
28 1 R1 1.5 K, SMD, 0805 1/10 W 1% SMD805-A-1 RES
29 1 R20 4.87 K 1% RES, SMD, 0603 1/16 W 1% SMD0603-A-1
30 10 R43, R44, R45, R46, R47, R50, R51, R52, R53, R54 33 RES, SMD, 0603 1/16 W 5% SMD0603-A-1
31 DNP 7 R56, R92, R96, R101, R110, R112, R128 RES, SMD, 0603 1/16 W 5% SMD0603-A-1
32 1 R63 10 K, RES, SMD, 0603 1/16 W, 5% SMD0603-A-1
5 25 | R RO, K00, o 7, o, 08 0% B0 08 BULL RIS | e, s, 00 o w

32 Copper-to-Fiber Ethernet Media Converter

Copyright © 2014, Texas Instruments Incorporated

TIDU510-September 2014

Submit Documentation Feedback


http://www.ti.com
http://www.ti.com/tool/TIDA-00306
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDU510

13 TEXAS

INSTRUMENTS
www.ti.com Design Files
Table 11. BOM (continued)

ITEM INSTALL QTY REFERENCE DESCRIPTION PACKAGE
34 13 R89, R91, R99, R102, R107, R109, R114, R116, R122, R124, R130, R132, R236 165, RES, SMD, 0603 1/16 W 1% SMD0603-A-1
35 8 R135, R136, R137, R138, R143, R144, R145, R146 RES, 49.9 , SMD, 0603 1/16 W 1% SMD0603-A-1
36 8 R157, R158, R159, R160, R161, R162, R163, R164 75 RES, SMD, 0603 1/16 W 1% SMD0603-A-1
37 2 R66, R165 50 RES, SMD, 0603 1/16 W 1% SMDO0603-A-1
38 5 R167, R168, R171, R172, R217 130 RES, SMD, 0603 1/16 W 1% SMD0603-A-1
39 DNP 12 R169, R170, R181, R182, R185, R186, R226, R227, R228, R229, R237, R238 RES, SMD, 0603 1/16 W 1% SMD0603-A-1
40 9 R173, R174, R175, R176, R177, R178, R179, R180, R239 0 SRES, SMD, 0603 1/16 W 1% SMDO0603-A-1
41 5 R183, R184, R187, R188, R218 80 RES, SMD, 0603 1/16 W 1% SMD0603-A-1
42 2 RR223, R224 22 RES, SMD, 0603 1/16 W 5% SMD0603-A-1
43 1 R225 10 RES, SMD, 0603 1/16 W 5% SMDO0603-A-1
44 1 R231 100 RES, SMD, 0603 1/16 W 5% SMD0603-A-1
45 1 R232 1200 RES, SMD, 0603 1/16 W 5% SMD0603-A-1
46 1 R233 33 RES, SMD, 0603 1/16 W 5% SMD0603-A-1
47 2 R234, R235 210 RES, SMD, 0603 1/16 W 5% SMD0603-A-1
48 DNP 1 T1, T2 H2019 (POE) Magnetic Pulse/H1102/H2019 Pulse H1102/H2019
49 1 Ul DP83849 DUAL Industrial Temperature Ethernet PHY with Fiber Support (FX) VHB80A
50 1 us LP3964, 3.3 V, 800 mA Voltage Regulator 5-t0-3.3 V NSC/LP3964EMP-3.3 SOT223-5
51 3 U4, U5, U6 NC7SZ7126 is a single buffer with 3-STATE output SOT223-5
52 DNP 1 X1 50-MHz Oscillator (50 ppm), 3.3 V 50 MHz OSC14-4P
53 1 Y1 XTAL - Crystal, 25.000M 25M HC49-USs

J1: 2-3, 5-6, 8-9;
54 14 J8 MII_5V J23 MII_3V3; J92 MII_3V3 J10: MII_VDD_B J41; Jumper 2Pos , 2.54-mm Pitch Jumper setting
J42 HI; J43 HI; J44 HI J45 HI; J46 HI; J47 HI
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Table 12. Evaluation Board Configuration for MII/RMII

OPTION REFERENCE
X1
MII with copper configuration R223, %29204 R225
Do not stuff components R174, R175, R178, R179, R239
J89
X1
MII with fiber configuration R223, R224, R225
Do not stuff components J90
R173, R176, R177, R180
Y1l
RMII with copper configuration CS?,Q(()BS
Do not stuff components R174, R175, R178, R179, R239
J89
X1
RMII with fiber configuration R223, R224, R225
Do not stuff components Joo

R173, R176, R177, R180

NOTE: FO interface cables that can be used for testing are:
* A36340-ND 6374039-3 CABLE ASSY SC-SC DUPLEX MM 3M
 AE10442-ND DK-2622-05 CABLE FIBER OPTIC DUAL SC-SC
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7.3 Layer Plots
To download the layer plots, see the design files at TIDA-00306.

Figure 24. Top Etch Figure 25. GND
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Figure 26. 3V3 Figure 27. Bottom Etch
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Figure 28. Top Solder Mask

Figure 29. Bottom Solder Mask
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Figure 30. Top Silkscreen Figure 31. Bottom Silkscreen
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7.4 Gerber Files
To download the Gerber files, see the design files at TIDA-00306.

7.5 Assembly Drawings

Figure 32. Drill Drawing
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3. DP83849IVS-EVK Purpose and Contents (SNLU088)
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, 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 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.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, 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 are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl 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 for TI components 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.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs 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.

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 that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's 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 Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that 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 that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl 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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