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TECH DAYS-Ck
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* Motor Drivers

* E-meter Concentrators
* |P Network Cameras

» Power Relays

Applications | Ethernet is Everywhere

 Factory Robots

» Network Printers

* Inspection Equipment
» Medical Equipment

» Solar Panels

« Communication Repeaters
« Human Sensing Equipment
+ Cash Machines
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TECH DAYS-Ck

Why Use Tl Ethernet Phy’s?

The Ethernet signal chain from MAC to RJ45 is complex. Fortunately, Tl Phys
have built in diagnostics and great support to make your designs go smoothly.
You will be glad you chose Tl Ethernet Phy’s!
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Common Terminology TECH DAYSTH

 PHY (Physical Layer Transceiver/Device) provides a way to transfer digital data from
one node (processor, FPGA, ASIC...) to another node via analog signaling over

either copper or fiber optic cable
» Three important processes a PHY handles:
— PCS, Physical Coding Sublayer
— PMA, Physical Medium Attachment
— PMD, Physical Medium Dependent
* Other Key Terms:
— MDI, Medium Dependent Interface (TDx/RDx)
— MII, Media Independent Interface (Digital pins, TX DJ[3:0]/RX][3:0] etc...)

5
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Networking and Ethernet PHYs

TECH DAYS-Ck

Texas Instruments

* OSI Model describes the different layers of a
networking system according to their
functions

» Each layer communicates with
layers above and below

 Information is passed via a Protocol Data
Unit (PDU)

« Every layer will re-format and process the

PDU before sending it over to the other layer.
] |

Host Layers

Ethernet MACs operate on Layer 2.

Ethernet PHYs operate on Layer 1

Data

Data

Data

Data

Segments

Packets

Frames

Bits

OSI Model

Layer

Application
Network Process to Application

Presentation
Data Representation and Encryption

Session
Interhost Communication

Transport
End-to-End Connections and Reliability

Network
Path Determination and IP (Logical Addressing)

Data Link
MAC and LLC (Physical Addressing)

Physical
Media, Signal, and Binary Transmission
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Complex S m within h PHY! TECH DAYS &
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TECH DAYSTS

Ethernet Signals on the Cable Media

W3 TEXAS INSTRUMENTS



10BASE-T Transmission TECH DAYS-Tk

Texas Instruments

Coding UTP Category 5 Cabling Utilization Piass LI
Pin 3: Pn &
Badave + Pl dhve -
+1 Ttm::':la- :;'md
Pin1: < Pn &
O Transnmit + _l I_ Rasirvid
<<< Receive <<<

Manchester S
|

<<< Receive <<<

W3 TEXAS INSTRUMENTS



10Base-T Overview

10 Mb/s has the following characteristics:

Data rate: 10 Mb/s

Signaling: 10 MHz, Differential, Manchester
Return Loss: >15.0dB @5 — 10 MHz
Encoding: Manchester

Maximum Required Cable Length (per IEEE
standard): 100m

Cabling: CAT-5 twisted pair, 100 Ohm
Wires used: 2 pair

Specification: IEEE 802.3

Bit error rate: 1 error in 10e8 bits

TECH DAYS-Ck

Texas Instruments
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100BASE-TX Signal Transmission

Pin 4:

TECH DAYS-Ck

Texas Instruments

Coding UTP Category 5 Cabling Utilization
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100BASE-TX Signal Overview TECH DAYS'Eh

100 Mb/s or Fast Ethernet has the following characteristics:

Data rate: 100 Mb/s

Signaling: 125 MHz, Differential, MLT-3 (3 level Multi Level Transitions)
Return Loss: 16.0dB @2 - 30 MHz, 10.0dB @60 - 80 MHz

Encoding: 4b5b (4 bits of data for 5 bits transferred)

Max Cable Length (per IEEE standard): 100m J— S

Cabling: CAT-5 twisted pair, 100 Ohm === e
7 v‘v ‘(i::
Wires used: 2 pair

Specification: IEEE 802.3u
Bit error rate: 1 error in 10e8 bits
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DP83822 — TI's Latest 10/100Mbps PHY

Highlights

Industry’s Lowest Power 10/100Mbps PHY

— 1.8V operation <110mWwW
Small package QFN32 (5mmx5mm)
Long cable reach >150m

100BASE-TX, 100BASE-FX and 10BASE-Te

Key Specs

MIl / RMII / RGMII MAC Interfaces
HBM (+/-16kV), IEC61000-4-2 (+/-8kV)
Start of Frame Detection for IEEE1588

Industrial Temperature Range -40C to 85C/125C

Applications

Factory Automation, Motor Drives, Power Automation,

Industrial Lighting

MAC / Ml
interface

Cable / MDI
interface

DP83822 Block Diagram

TECH DAYS-Ck

Texas Instruments
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1000-BASE-T Transmission TECH DAYS &k

Texas Instruments

Coding UTP Category 5 Cabling Utilization
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Ethernet Signaling — 1000BASE-T TECH DAYS™CH)

1000 Mb/s or Gigabit Ethernet has the following characteristics:

Data rate: 1000 Mb/s
Signaling: 125 MHz, Differential, PAM-5 (Pulse Amplitude Modulation)
Return Loss: 19.0dB @1 - 100 MHz (~100m)

Encoding: 8b10b (8 bits of data for 10 bits transferred)
Maximum Required Cable Length (per IEEE standard)___lO_Om______
Cabling: CAT-5 twisted pair, 100 Ohm N7 N ’
Wires used: 4 pair (each Full Duplex)
Specification: IEEE 802.3

Bit error rate: 1 error in 10e10 bits

SFEsmvon

W3 TEXAS INSTRUMENTS



DP83867 — TI's Latest 1Gb Phy TECH DAYS T

10/100/1000 Low Power and Robust Ethernet PHY fexas Instruments
* Highlights Gigabit PHY (DP83867) Block Diagram

IEC 12kV Speclflcatlon I MGMT INTERFACE COMEINED MIl/ GMII | RGMII INTERFACE

— Lowest latency for both 100Mbps and 1Gbps modes,
<400ns

— Power saving features: WoL
— Pass EN55011 class B
— Low power 1GbE solution, <400mW

MAC / MlI
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* Applications
— Industrial: Automation, Test Equipment, Sensors
— Communications: Debug /Management Port, Small Cell
— Commercial: Network Printers, Broadband gateways

DRIVERS
RECEIVERS

B Cable / MDI
interface
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Where to look for more information? TEGH DAYS-&h

 100BASE-X PCS and PMA specifications located in Clause 24 of the IEEE802.3
Standard (Section Two)

« 100BASE-TX PMD specifications located in Clause 25 of the IEEE802.3 Standard
(Section Two)

» 100BASE-FX PMD specifications located in Clause 26 of the IEEE802.3 Standard
(Section Two)

©IEEE

Advancing Technology
for Humanity

leee.org -
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¢ DIY Diagnostic Cables and Tools

©
©
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TECH DAYS-Ck

Texas Instruments

Building an Ethernet Debug Toolbox
What Will You Need?

» Interface Board and GUI to Control Phy Registers Through SMI Port
« A Library of Control Scripts to Use and Modify as Needed

« The Embedded Diagnostic Tools that Tl Provides in the DP83867
Gig Phy and DP83822 10/100Mb Phy

* Build Your Own Custom Cables for Diagnostics

EN—L
ra
"9_)//""
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Create Interface Board to R/W the Registers

TECH DAYS-Ck

Texas Instruments

« TI Phys contain a Serial Management Interface (SMI) port that allows complete Read/Write access of the

internal registers.

« The SMI port is sometimes called an MDIO port and can be useful for debugging a new Phy design even
when you don’t have your host firmware complete.

* You can also use the SMI to execute scripts that aid you in IEC61000-4-x or other compliance testing by

generating Ethernet traffic or test signals.

» Tl provides a free GUI called “USB-2-MDIO” and instructions to create the hardware needed to unlock
this powerful SMI port. The image below shows how the “USB-2-MDIO” hardware blocks work together.

User Laptop

USB

MS

P-EXP430F5529LP

MSP430 Launch Pad

“USB-2-MDIO”
Program Installed

Standard USB Cable

UsB

MDIO

DP83867E
Ethernet Phy EVM

MDIO RJ45

“USB-2-MDIO”

Firmware Installed

Customer Built MDIO Cable

RGMII/
SGMII

20
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Creating the MDIO Interface Board TECH DAYS Tk

Texas Instruments

« The hardware board that converts the laptop USB signals to MDIO signals is a standard MSP430 Launch
Pad EVM that can be purchased from the TI store for $12.99.

« When you purchase the board you will need to do a one time install of a special flash image that does the
USB to MDIO signal conversion. The flash image is included in the “USB-2-MDIO” software.

* The example below shows the MSP-EXP430F5529LP but other MSP430 EVMs can be used. See the
“USB-2-MDIO” User Guide for a complete list of compatible MSP430 EVMs.

User Laptop MSP-EXP430F5529LP DP83867E
MSP430 Launch Pad Ethernet Phy EVM
UsB USB MDIO MDIO RI45
Standard USB Cable Customer Built MDIO Cable
“USB-2-MDIO” “USB-2-MDIO”
Program Installed Firmware Installed Rs‘é"'\’l'l'l'l/

21
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Qty DigiKey Description
Part #

1

1

8

Creating the MDIO Cable TECH DAYS Tk

Texas Instruments
You will need to build a custom MDIO cable that connects the MPS430 Launch Pad EVM to the MDIO
port of the Phy.

Any easy method is to purchase wires with pre-crimped pins and blank headers from DigiKey.

Install the wires in the proper positions to match the MDIO pinout of the Phy EVM.

The images below shows an example MDIO cable for the “DP83867ERGZ-R-EVM” Gig Phy

WM2519- 4 Position
ND Connector Housing

WM2527- 20 Position
ND Connector Housing

797580011  Pre-Crimped Wires

22
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USB 2-MDIO Software

MSP430-EXP430F5529LP Launch Pad Here:

TECH DAYS-Ck

Texas Instruments

The ability to access registers of the PHY is a
important debug tool.

PHY registers can be accessed through the
MDIO data pin and MDC clock pin using the
MDIO cable you build.

USB-2-MDIO Software uses a MSP430
Launchpad that has a special flash image
loaded to read and write registers on Tl PHYSs.

The USB-2-MDIO software can be downloaded
at: http://www.ti.com/tool/usb-2-mdio

The software comes with installation instructions U S B -2 -M D I O

and User’s guide.
Download and install the USB drivers for the

http://software- i TEXAS INSTRUMENTS

dl.ti.com/msp430/msp430 public sw/mcu/msp430/M

SP430 FET DriverS/lateSt/index FDS html Starting GUI . Copyright 2015. Texas Instruments Incorporated. All rights reserved

23
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USB-2-MDIO Software Momagar. Undor -Setings® selost 16 COM port

'+ Ty —J.mess address that corresponds to “MSP Application
Select Extended RegisterAccess\ r———— = UART1”. Thisis COM21 in the screen shot
o _ below.
Set the Phy ID g] Xlended Register Fot Staus Under “Settings” select Baud Rate 9600.
“HL‘JDisconnecte&"

Address of desired Register—— Reqister Address [Open Port j<——Open COM Port

Desired Data to be written ——— Data <— Close COM Port

Read Command ——p Read _ Wiite ClearText D Maormger ——

File Action View Help
e |5 Hm
» 4@ Batteries -

>-§) Bluetooth Radios
. 48 Computer

» I

Write Command — |

-y Disk drives

. & Display adapters

» -5 Human Interface Devices

» %5 Imaging devices

18 Intel(R) Dynamic Platform and Thermal Framewark
. 2 Keyboards

Text Box for displaying T e stespnting deices
Register Read/Write & Newor

»-B¥ Metwerk adapters
4 T3 Ports (COM & LPT)
X P Printer Port (LPT3

T3 MSP Application UARTL (COM21)
T MSP Debug Interface (COM22)
> -4} PTOTE

[P Security Devices

m

.4 Sound, video and game controllers
» . Storage controllers
» {8 System devices
4- g Universal Serial Bus controllers
§ Generic USB Hub

1

§ Generic USB Hub
co L.,
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Register Description TECH DAYS &

Basic Mode Status Register (BMSR), Address 0x0001
BIT BIT NAME DEFAULT DESCRIPTION
15 100BASE-T4 0,ROP 100BASE-T4 Capable:
0 = Device not able to perform 100BASE-T4 mode.

* Registers serve dual purpose - — e

FULL DUPLEX 1 = Device able to perform 100BASE-TX in full duplex mode.
i [ 100BASE-TX 1.ROP 100BASE-TX Half Duplex Capable:
— Indicators of PHY status r s Dk e i b
. . 12 10BASE-Te 1.ROP 10BASE-Te Full Duplex Capable:
—_ Control fu nCt|OnaI|ty of the PHY FULL DUPLEX 1 = Device able to perform 10BASE-Te in full duplex mode.
1 10BASE-Te 1, ROP 10BASE-Te Half Duplex Capable:
HALF DUPLEX 1 = Device able to perform 10BASE-Te in half duplex mode.
10 100BASE-T2 0,ROP 100BASE-T2 Full Duplex Capable:
* Register tables will list the position of the bit, s R v s T
. 9 100BASE-T2 0,ROP 100BASE-T2 Half Duplex Capable:
name Default Value Read Only Or Read erte HALF DUPLEX 0 = Device not able to perform 100BASE-T2 in half duplex mode.
! ! 8 EXTENDED STATUS 1,ROP 1000BASE-T Extended Status Register:

1 = Device supports Extended Status Register 0xOF.

and Bit Description. 5 e

6 MF PREAMBLE SUPPRESSION | 1, RO/P' Preamble Suppression Capable:
1= Device able to perform management transaction with preamble

* Using the USB2MDIO Software and Register B

table from Datasheets, the PHY can be g i e :‘“:‘;".ff:i:';‘::i‘;":lf.f;m;m_

configured to operate in the desired mode. : RO FAULY SR [Remo Fuk

1 = Remote Fault condition detected (cleared on read or by reset).
Fault criteria: Far End Fault Indication or notification from Link
Partner of Remote Fault.

0 = No remote fault condition detected.

3 AUTO-NEGOTIATION ABILITY |1, RO/P Auto Negotiation Ability:

1 = Device is able to perform Auto-Negotiation.

0 = Device is not able to perform Auto-Negotiation.
2 LINK STATUS 0,ROLL Link Status:

1 = Valid link established.

0 = Link not established.

The criteria for link validity is implementation specific. The
occurrence of a link failure condition will causes the Link Status bit
1o clear. Once cleared, this bit may only be set by establishing a
good link condition and a read via the interface.

Register reference for DP83867

25
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Important Registers TECH DAYSNRD

* Following are some of the common registers which are important for configuration and status check:
— Basic Mode Control Register (BMCR) Register Address 0x00h
— Basic Mode Status Register (BMSR) Register Address 0x01h
— Auto-Negotiation Advertisement Register (ANAR) Register Address 0x04h
— Auto-Negotiation Link Partner Ability Register (ANLPAR) Register Address 0x05h
— PHY Status Register (PHYSTS) Register Address 0x10h

» There will be other important registers specific to the device.

» Refer to respective datasheet for more information on registers.

26
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TECH DAYS-Cl

s Instruments

More Useful Cables You Can Build!

27
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Texas Instruments

Create an External Loopback Cable TECH DAYS &

The External Loopback cable is used for 10/100Mbps Loopback testing. This cable does not work for
1Gbps testing.

The Loopback cable connects the Tx output to the Rx input at the RJ45 connector.

This cable allows you to test the entire Ethernet signal path including the Ethernet transformer using TI’s
built in diagnostics.

Using a loop of wire to make the connections will provide best signal path and reduce reflections. Simply
twisting the two wires together could create an unwanted stub.

Connect TX+ and RX+

Connect TX- and RX-

28
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Create a 100Q Terminated Cable

« The 100Q terminated cable is used for multiple diagnostic tests.

TECH DAYS-Ck

Texas Instruments

» Cut of the end of an Ethernet CAT 5e cable. Then solder on a 0.10” two pin header with 100Q

termination resistor on each twisted pair.

« This cable is useful for scope waveform capture with differential probe or when using the internal analog
loopback of the Phy.

1000

1000
RJ-45
1000

1000

To
Oscilloscope

Differential Probe

Figure 6. Connection Diagram for 100M Terminated Cable

DP83867 Troubleshooting Guide

SNLA246A—October 2015—Revised April 2016
Submit Documentation Feedback

Copyright © 2015-2016, Texas Instruments Incorporated
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TECH DAYSTS

Hardware Debug — Start with Simple Stuff
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Application Notes Show How to Use Your TECH DAYSTh
New Tools for Testing and Troubleshooting

Don’t forget to read the datasheet first for troubleshooting ideas. Not all Phys have the
same diagnostics. The datasheet will show what is available for each device.

Example Application Note Descriptions App. Note File Name

DP83867 Troubleshooting Guide snla246a.pdf
DP83822 IEEE 802.3u Compliance and Debug snla266.pdf
How to Configure DP838xx for Ethernet Compliance Test Snla239a.pdf
4-Level Strap Device Configuration Snla258.pdf
DP83822 Energy Efficient Ethernet Snla265.pdf
Reducing Radiated Emissions in Ethernet Snlal07a.pdf

32
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Example App Note — DP83867

i Application Report
’ F{E}S{?ISQUMENTS SNLAZ246A—October 2015—Revised April 2016
DP83867 Troubleshooting Guide

Patrick O'Farrell

ABSTRACT

A 10/100/1000 Ethernet Physical Layer device has multiple connections and many possible configuration
options. While the DP83867 is designed with a priority on ease of use, there are many factors to consider
during initial board bring up. This application note provides guidance on the key criteria to verify in order to
expedite initial validation of DP83867 applications.

The goal of this application note is to describe a flow to identify the most likely source of problems during
board bring up. For a quick start guide, please see the Troubleshooting Checklist in Section 3 at the end
of this application note.

Contents

DP83867 Application Overview
Troubleshooting the Application
Troubleshooting Checklist.
Conclusion

TR

List of Figures
DPB3867 BIOCK DIagram......uuiiueiieeiuiieis e sieat s e e etieas e snnesan s ass s an e san s aesnn s ansaneeeaesnaaananeans

[S)

Two Supply Configuration ...
Three Supply Configuration .
DP83867 MDI Connections
100 Ohm Terminated Cable for MDI Signal Measurement .
Connection Diagram for 100M Terminated Cable.
DP83867 Link Pulse
USB-2-MDIO GUI
MSP430 LaunchPad .
Block Diagram, Near-End Loopback Moede
Block Diagram, Far-End Loopback Mode..

WD N D R W N =

WL m N ® D W w

=}

=)

More information: DP83867 Troubleshooting Guide (SNLA246)

TECH DAYS-Ck

Texas Instruments
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http://www.ti.com.cn/cn/lit/an/snla246/snla246.pdf

Ethernet Debug Techniques TECH DAYSTH)

Power down the board and verify key resistances
1. Verify resistance to ground across the RBIAS resistor
2. Verify resistance across the transmit and receive
3. Verify resistance across the MDIO
— Problems can occur when a very small (10's of Ohms) pull-up resistor is used.
4. Verify magnetics connections

Power up the board and verify key voltages
1. Probe the Power rails

2. Probe the PFBOUT and PFBIN pins (only for 10/100 PHYs)

The PFBOUT pin is a regulated 1.8V supply generated inside the device from the 3.3V supply. The device will not
operate correctly if the PFBIN pins do not receive this 1.8V supply.

3. Probe the RBIAS pin
Voltage should be ~1.2V for 10/100 PHY and ~1.0V for DP83867

More information: DP83867 Troubleshooting Guide (SNLA246)

34
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Ethernet Debug Techniques TECH DAYSSRY)

Power up the board and verify key signals

1. Probe the RESET N signal
— Theresetinput is active low and is connected to a 10 kOhm pull down resistor. Itis
important to confirm that the controller is not driving the RESET N signal low. Otherwise,
the device will be held in reset and will not respond.
2. Probe the X1 clock
— Verify the frequency and signal integrity. For link integrity the clock needs to be within +/-
50ppm of the default (25MHz for MlIl / 50MHz for RMII).
3. Probe strap pins during initialization.
— In some cases, other devices on the board (e.g. MAC) will pull or drive these pins
unexpectedly.
4. Probe the TD+/- transmit signals
— Measure the transmit voltages using
a 100 Ohm terminated Pig-tail cable =

More information: DP83867 Troubleshooting Guide (SNLA246)

35
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TECH DAYS-Cl

s Instruments

Putting Your New Tools to Work!

Examples of Diagnhostic Tests

36
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Loopback Test Modes TECH DAYS &

Texas Instruments

» Tl provides several diagnostic loop back test modes in the Phy that allow data to
pass from the MAC to the Phy and then back to the MAC.

« Some loops are closed within the Phy and some loops are closed externally using a

loopback cable.

» These test modes allow the digital and analog sections of the Phy to be tested.

Reverse PCS Analog
Loopback Loopback Loopback
| |
v v Y ]
—1 2 1 P o Bl S
7 ™~ T~ = &7~ ™ £ |
/ — v o v el v| E w I
MAC [ = 1] O 115 8 | - il £ I =
\ s /@ 8 ;] < / = e |2
~ F's r'y i g Py o © &
14— — 4 ] <1 - ~
A A B

(=]
|
Ml Digital External
Loopback Loopback Loopback
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13 TEXAS Appendix B
INSTRUMENTS SNLAZE6—January 2076

Loopback and BIST Mode Scripts for the DP83822

B.1 Miil Loopback 100BASE-TX Script

begin

001F 3000 Iisoftware reset (clears register)

0000 6100 liprograms DUT to 100BASE-TX mode and enables MIl Loopback
001F 4000 lidigital reset (doesn't clear register)

end

B.2  Mil Loopback 10BASE-Te Script

begin

001F 8000 Iisoftware reset (clears register)

0000 4100 liprograms DUT to 10BASE-Te mode and enables Ml Loopback
001F 4000 lidigital reset (doesn't clear register)

end

B.3  Analog Loopback 100BASE-TX Script

begin
001F 8000 Iisoftware reset (clears register)

0000 2100 liprograms DUT to 100BASE-TX mode

0019 0021 liprograms DUT to Forced MDI mode, set to 4021 for MDIX mode
0016 0108 Ifenables analog loopback mode

001F 4000 Iidigital reset (doesn't clear register)

end

B.4  Analog Loopback 10BASE-Te Script

begin

001F 8000 lisoftware reset (clears register)

0000 0100 liprograms DUT to 10BASE-Te mode

0019 0021 liprograms DUT to Forced MDI mode | set to 4021 for MDIX mode
0016 0108 llenables analog loopback mode

001F 4000 Jidigital reset (doesn't clear register)

end

Register Scripts for Loopback — SNLA266

Texas Instruments

T
INSTRUMENTS
Reverse Loopback 1008ASE-TX Script www._ti.com
B.5 Reverse Loopback T00BASE-TX Script

begin

001F 8000 flisoftware reset (clears register)

0000 2100 Hiprograms DUT to 100BASE-TX mode

0016 0110 Henables reverse loopback mode

001F 4000 Ifdigital reset (doesn't clear register)

end
B.6  Reverse Loopback 10BASE-Te Script

begin

001F 8000 Ifsoftware reset (clears register)

0000 0100 Hiprograms DUT to 10BASE-Te made

0016 0110 IHenables reverse loopback mode

001F 4000 Ifdigital reset (doesn't clear register)

end
B.7  BIST 100BASE-TX Script

begin

001F 8000 Isoftware reset (clears register)

0000 2100 Hiprograms DUT to 100BASE-TX mode

001B 007D Iibits[7:0] determine IPG, default 0x7D is equal to 125 bytes

D01C D5EE IMits[10:0] determine packet length, default 0x05EE is equal to 1518 bytes

0016 7100 ffenable confinuous error check BIST mode

001F 4000 /idigital reset (doesn't clear register)

end
B.8  BIST 100BASE-TX with Analog Loopback Script

begin

001F 8000 Hsoftware reset (clears register)

0000 2100 Mfprograms DUT to 100BASE-TX mode

0019 0021 fiprograms DUT to Forced MDI mode

001B 007D Ioits[7:0] determine IPG, default 0x7D is equal to 125 bytes

001C D5EE Ibits[10:0] determine packet length, default DxDSEE is equal to 1516 bytes

0016 7108 Henable continuous error check BIST mode with analog loopback mode

001F 4000 Ifdigital reset (doesn't clear register)

end
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Near-End Digital Loopback Test Modes

* “Near-End” loop back means the test signals originate in the MAC.

» Near-End Digital Loopback will test the following blocks:

— MIl Block
— PCS Block
— Signal Processing Block

PCS

Loopback

MAC

Signal
Processing

AFE

AM

Transformer

Ml
Loopback

Digital
Loopback

RJ-45

1

817]16]15]4]3]2

TECH DAYS-Ck

Texas Instruments
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Near-End Analog Loopback Test Modes TECH DAYS Gk

Texas Instruments

* “Near-End” loop back means the test signals originate in the MAC.
» Near-End Analog Loopback can test the following blocks:

— MII Block

— PCS Block

— Signal Processing Block

— AFE (Analog Front End) Block

Analog
Loopback

1

MAC RJ-45

Signal
Processing
RJ-45

I

Transformer

817]16]15]4]3]2
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Near-End External Loopback Test TECH DAYS &k

Texas Instruments

« External loopback tests all blocks in the Phy and the external Ethernet components. This
test requires the external loopback cable that you build. This test only works for 10/100Mb
speeds which have dedicated Tx/Rx pairs. Gigabit speeds cannot be tested this way.

« External Loopback will test:
— All Phy Blocks
— The Ethernet Transformer
— The RJ45 and Associated Passive Components

‘ _ _
o o = B —
= £ ~ g ITe) \ Connect TX+ and X+ [T 9”73
o M| w ‘I & ~ ' :
MAC o O [ | ™ s g I Gomeatx snanx
%3] 8 / < / g o S :
M~
A B
! T
External
Loopback
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BIST Packet Generator — DP83867 / DP83822 TECH DAYS &k

Texas Instruments

 Built In Self Test (BIST) data is generated in the PCS block so no MAC host is needed.

« BIST simulates pseudo-random data transfer in the format of real packets and Inter-
Packet Gap (IPG) on the data lines. You can configure packet size and IPG.

« The BIST circuit can be used to test the integrity of the transmit and receive data paths.
* The receive path has a packet checker that counts and reports errors.

» BIST supports internal loopback of digital or analog blocks. BIST will support external
loopback at 10/100Mb.

MAC

Tﬁfﬁw <}
Mil

[fs]
hi
=
o

|
©]
]

Signal
Processing
Transformer

[ External
Loopback
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Far-End (Reverse) Loopback TECH DAYS T

Texas Instruments

Far-end (Reverse) Loopback is a special test mode to allow testing the PHY from the link-
partner side. No MAC is required on the Device Under Test (DUT) side of link.

In this mode, data that is received from the link partner passes through the PHY's
receiver, is looped back at the MAC interface and transmitted back to the link partner.

While in Reverse Loopback mode, all data signals that come from the MAC are ignored.

Link Partner
DP83867 EVM
Generating Data
Packets with BIST or
Ethernet Tester

MAC

Signal
Processing
AFE
Transformer
RJ-45

»
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Cable Diagnostics — TDR and ALCD TECHDAYS &k

Many Tl Phys support Time Domain Reflectometry (TDR) and Active Link Cable
Diagnostics (ALCD). DP83867 is example used in following descriptions.

For TDR the Phy sends a pulse of known amplitude down each cable pair and measure
the time for return pulses. This method does not work when data is on the line.

TDR can detect cable opens, shorts, miswired pairs, damaged connectors and cable
length to within +/-1m.

TDR registers save up to five reflections for each pair. The host controller performs
simple math to determine the length to reflection point.

The DP83867 can be programed to automatically run TDR when link is dropped to aid in
troubleshooting intermittent connections.

The ALCD is a passive method to measure cable length when data present in active link.

ALCD relies on uses passive digital signal processing based on adapted data. Accuracy
is +/-5m and can be measure only in the receive pair.
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' ' : In Desi
Time Domain Reflectometer (TDR) with DP83822/DP83867

TI-Design: Proof of concept
Features

* Detect Ethernet cable faults
* Open connection, Shorted lines, Single-pair failure,
Single-line failure, Connector corrosion
» Tl Ethernet PHYs
» DP83822 (10/100Mbit)
» DP83867 (10/100/1000Mbit)
» C-Software source code
* Manual trigger of TDR by industrial application / host
stack
» Automatic trigger of TDR when Ethernet PHY link-down

TiDésigns

* Predictive maintenance for industrial Ethernet

* Detect cable fault types and cable fault distance (meters)
from PHY

» TDR configuration library for ARM host integration

» Simulated with Cable Diagnostic Tester to simulate cable

Target Applications

* Industrial

» [Factory Automation and Process Control
+ Communication Module
* CPU (PLC Controller)

System Diagram

Cable
Ethernet Cable |— Diagnostic —
Tester

Link

Ethernet Cable |—— PHY Partner

pDuT PHY |—

faults
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FAQ TECH DAYS
What type of Line Driver is used by the DP83867?

DP83867 Magnetics RJ-45 Connec tor

TD.P A [ f

« The DP83867 has a voltage mode
line driver.

TD_P_B

TD_M B

« Connecting the magnetics center tap
to a supply voltage is not necessary.
No current is drawn from the
magnetics by the PHY.

TD_P.C

AAN AN AN

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
!
|

TD_M_D | i

{ ST R

 No external 50 Ohm termination
_04pF _l04pF _|0.1pF _[0.1pF 10nF

resistors are necessary. T T T T ™
Terminations are inside the device.
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FAQ (2) TECH DAYS &k

Texas Instruments

What is the significance of the RBIAS resistor?

This resistor is used to develop the internal bias currents and voltages in the

PHY. Itis specified for 1% tolerance so that the PHY can meet the tightest IEEE
802.3 specifications.

TP1
 RBIAS

CLOSE TO CHIP DP83867RGZR
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FAQ (3) TECH DAYS &k

Texas Instruments
What are some simple debug tests?

Loopback modes and Packet BIST (Built-in Self Test) can be used to loop packets
through different paths within the PHY. This helps confirm functionality of
individual portions of the PHY.

Perform packet testing from a link partner with far-end or reverse loopback.

Perform packet testing from the MAC with near-end loopback:
1. MIl loopback

2. Digital loopback 1“‘ ‘ > )

** Packet BIST and internal loopback e A =
are configured via register access.

XFMR

R [
:
RJ45
1
I
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FAQ (4) TECH DAYS -
Do we have Linux Drivers?

We do have Linux driver for DP83848 and DP83867

DP83848 Linux Driver: http://www.ti.com/product/DP83848C/toolssoftware

DP83867 Linux Driver: http://www.ti.com/product/DP83867E/toolssoftware
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http://www.ti.com/product/DP83848C/toolssoftware
http://www.ti.com/product/DP83848C/toolssoftware
http://www.ti.com/product/DP83867E/toolssoftware
http://www.ti.com/product/DP83867E/toolssoftware

FAQ (5) TECH DAYS -
Is it possible for customers to run IEEE compliance tests?

Yes, customers can use our EVMs to run compliance tests on our PHYSs.
Our Phys support IEEE test modes which can be activated through
Register access.

Example App Note: http://www.ti.com/lit/an/snla239/snla239.pdf
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http://www.ti.com/lit/an/snla239/snla239.pdf
http://www.ti.com/lit/an/snla239/snla239.pdf

FAQ (6) TECH DAYS &

What are the clocking options for the DP838677
Clocking is as easy as 1, 2, 3 (or more).

DPa386T DPB3BET DFB386T DPa386T DPa3867 DPB385T

Iif iil |
oH
Use a crystal or Use clock output Use a Tl clock generator for three
oscillator for to daisy chain or more DP83867s or multiple
one DP83867 two DP83867s DP83867s and a uP/MCU/FPGA
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FAQ (7) TECHDASS®

Can | use my existing software with a TI PHY?

If the driver uses device specific functionality and uses registers that are not defined
by IEEE 802.3, it should not be used.
* |s there device specific functionality?

— Does current driver use features specific to the device (registers not defined by IEEE
802.3)?

— Will new application require device specific features (interrupts, IEEE 1588, etc.)?

— Does the driver check the IEEE 802.3 defined PHY ldentifier Registers — PHYIDR1
(address 0x02) and PHYIDR2 (address 0x03)?

— Does the driver require a specific PHY address (e.g. 0x00)?
» Which operating system is being used (Linux)?

— Android runs on top of Linux (Android inherits the Linux environment) and should not
be impacted by PHY initialization

W3 TEXAS INSTRUMENTS



FAQ (8) TECH DAYS
Steps to help customers new to Ethernet

« Schematic and Layout Review

« Hardware debug techniques

» Register verification

* Apps Team engagement
— E2E
— Email
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What are straps? TECH DAYS'Th

« Straps pins of the PHY are dual-functional pins.
* On Power-on or Reset, the voltage on strap pins are sampled.
» Depending on the voltage on these pins, the PHY will be configured in pre-determined functions.

» Two types of straps in Tl Ethernet Portfolio devices
— 2 level straps
— 4 level straps

* Functions such as operating speed, Auto-MDIX, Auto-negotiation, MAC interface etc. can be controlled
via straps

* Provides additional flexibility and removes needs of register writes. Faster bring up times!
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TECH DAYS-Cl

2-Level vs 4-Level Straps
2-Level Straps 4-Level Straps
vERIO DP83867
o gy 7 o , ; Rhi
2 3 5 3 3
HYAD4 =0 | PHYAD3 = 0|PHYADZ = 0|PHYAD1 = 1|PHYADO =1 V STRAP
l l l \ S Rio o

Le |
i -

2.2kQ
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2-Level vs 4-Level Straps TEERDREE

2-Level Straps 4-Level Straps

* Relative simple, only 2 voltage levels + Comparatively complex, 4 voltage levels
« One pin controls one function * One pin can control 2 functions

» A single 2.2Kohm resistor to Vcc or GND. 2 resistor network may be needed.
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Get Started Today! TECH DAYS'Th

Customers can get started by:

— Purchase the DP83867IRPAP-EVM
* Link for the e-store

— Visit links below for the latest documentation and product information
« TIDA-00204 Design Page
« DP83867IR Product Folder
« DP83867 RGMII Linux Drivers

— Looking for a 10/100 PHY Ethernet solution from Tl Designs?

Visit the link below for the EN55011 Compliant, Industrial Temperature, 10/100Mbps
Ethernet PHY Brick Reference Design

 TIDA-00207 Design Page
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https://store.ti.com/DP83867IRPAP-EVM-DP83867IRPAP-EVM-Evaluation-Module-P44176.aspx
https://store.ti.com/DP83867IRPAP-EVM-DP83867IRPAP-EVM-Evaluation-Module-P44176.aspx
https://store.ti.com/DP83867IRPAP-EVM-DP83867IRPAP-EVM-Evaluation-Module-P44176.aspx
http://www.ti.com/tool/TIDA-00204
http://www.ti.com/tool/TIDA-00204
http://www.ti.com/tool/TIDA-00204
http://www.ti.com/product/DP83867IR
http://www.ti.com/tool/DP83867SW-LINUX
http://www.ti.com/tool/TIDA-00207
http://www.ti.com/tool/TIDA-00207
http://www.ti.com/tool/TIDA-00207
http://www.ti.com/tool/TIDA-00207

TECH DAYS<CkR

Texas Instruments

Thank You!
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DP83867IR PHY Design

Vddio 2 Vi phy L
41 :%:g 26 1000pF
57 a2
VDDIO
58
v23phy 4 | voniers - GND,
L: VDDAZPS DNP 1
B4 - one Y u7
a0 5 = 1o PHY1_TD_C_P T D1+ D2+ et PHY1_TD_D_P
RGMIN_TXCLK 3, TH_CLK ::g@ééémw_m_x«_? 10008E PHY1_TD_C_N Di- D2- PHY1_TD_D_M
PHY1_TO_A_N s
RGMIN_TXCTRL TX_ENITX_CTRL . PHYI_TD_D_N $p—5— e
. TA_ER TD P B PHY1_TD BP o PHY1_TD_D_P p3—g— NC 8
RGMIN_TXD0 3> TX_CLK TD_M_B PHY1_TD_B_N PHY1_TD C_N 99—~ NC GhD |-
RGMIN_TXO1 o o PHY1_TO_C_P NC GND :%
RGMIN_TXO2 Tx_Do TO_P.C PHY1_TD_C_P S
RGMIN TXD3 55 | D1 ] w5 (L TPDAEOSUGDGA N
R19 | T _D2 == )
RGMIl_RXCTRL ¢ HCMN FXCTRL B oK el Hg PHY1 TO D P
oo Doy M| PHY1_TD_D_N us
; : TX_D& REIAS PHYI_TD_A_P;;:;:; D= D2+ ﬁ:ﬁéwvw_m_aj
RGMII_RXCLK 3 Lo, EEMIN AR R e JTAG_TDI DA o o P TSN
RGMIA_RXDD & — JTAG_TDO
RGMIN_RXD1 EEMILRDLT RX_DVIRX_CTRL JTAG_CLK4
RGMII_RXD2 2 A REMH FXD2 R RX_ER/GFIO JTAG_TMS GND
RGMII_RXD3 EEMLET T RX_CLK JTAG_TRSTN GND
e TPDAEOSUDBDOA
R( ; M vao  EXB2HVROOV Rx o0 e
o RX_D2 LED 2
RX_D3
?fﬂm RX_D4/GPIO woC (20—l moio_cik_1  pog
- PHY1 RX1S85¢¢{——— =gt RX_DSIGPIO MDIO MDIO_DATA, 1
PHY1_TX1588 RX_DEIGPIO
- Ve RX_D7IGPIO PWDN Sl
R31 R30
o a5 RESET (o2 ¢(Piiy_RESETn
- 22 couceio o
541 crsiGPIO xi (12
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o ;— RESERVED CLK_OUT 22— BNP-——3) PHY 1_CLKOUT
. — | RESERVED
16| RESERVED GND

5 000MHZ-D2Y-T

=
= RBIAS

Strap Option
SMI CLK_OUT

MDI

GND
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Things to look out for

» Verify voltage levels are within spec
— Check decoupling on power rails with device datasheet recommendations

» Verify if Power sequencing is required
» Verify RBIAS resistor as per Datasheet
» Verify Termination resistors if required

» Verify that Crystal/Oscillator and Magnetics meet the requirements (SNLAO79)
— Check Loading capacitor with Crystal datasheet
— Check recommended magnetics connections

 Verify strap resistors are as per requirements

» Check pull up resistor on MDIO

» Confirm LEDs configured as per strapping options
» Check Power Down and Reset pins

« Verify MDI traces are differentially coupled

» Check unused pins
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http://www.ti.com/lit/an/snla079d/snla079d.pdf

Ethernet Debug Techniques

Power up the board and verify link
1. Verify link with known good link partner
2. For 10/100 PHYs a loopback cable can be used to verify link

with itself.
Power up the board and perform packet testing

1. Packet BIST using internal loopback
2. Packet BIST using external loopback plug
3. MAC transmit and receive using internal loopback
4. MAC transmit and receive using external loopback plug
5. MAC transmit and receive with a known good partner
PCS Loopback ——|
** Packet BIST and internal loopback i 7
are configured via register access. e ;> > . ; i 23
Switch : PCS Pr;gcr;:s IF:;; HEME 2 i
m—'
More information: DP83867 Troubleshooting Guide (SNLA246) Phy Ioopback modes
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http://www.ti.com.cn/cn/lit/an/snla246/snla246.pdf

EMI (EN55011) Test Setup

am  Console: Monitor data integrity during and
after test for each port under test

GbE port 2
I Laptop #2

i ———— -

== Earth L 'L Copper foil to connect RJ45
Shielded box Earth = case/shield to Earth

2 ports at the same time
Tested at 20% network utilization on
each with UDP packet transfer

Device under Test (DuT)
TIDA-002004
Shielded Ethernet cable /
Laptop #1 (cat7), 20m or 3m GbE port 1 24VDC Pfs

65

W3 TEXAS INSTRUMENTS



EN55011/ CISPR 11 EMI Test Results

Requirements

TIDA-00204 Measurements

Phenomenon Basic Standard Category 2 electric field strength Measured minimum margin to limit |Test
component guasi-peak dB(uV/m)
EMI EN55011/ 40 (30-230MHz) Horizontal: 10.6dB (125MHz) PASS
CISPR 11 class A 47 (230-1000MHz) Vertical: 4.3 dB (125Mhz)
pre-test Horizontal polarization at 3m antenna distance test Horizontal polarization at 10m antenna distance
. uB&}ﬁ'm horizontal 10 - 1000 MHz
80 _ 70
e EN55011 class A quasi-peak limit at 3m 60
60 EN55011 class A quasiqpeak limit at 10m
o [ 50 X
«0_ Measured quasi-peak 40 l
N #‘ hl.J“M ;b\,,’.i R Vm 1 s 30 f\
o R S )9,
A 2 Measured quasiipeak
0. Measured quasi-average
10
-20 ! 0
e oo Frequency (MHz) Polanisation: mnz‘viﬁ 10 100 1000
MHz
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EMC Test Setup

IEC61000-4-4 EFT (fast transient burst)

IEC61000-4-2 ESD

1100 ‘

ol /TN ] o | e

800 ! \ volt

700 ] \'\ K K k

600 ] \\ =
jgz h 50 nsec Dyration| — +1kV example '

300
20

0 | & nsecRise Time | Vitipe) H \.‘
100 o= -
i - = 1
0 10 20 30 40 50 60 70 80 90 100
1

1
|
|
|

Source: Electrical Transient immanity for Power-Over-Ethen %tsm‘ oo
Applcation Repart, SLVA233A
Burst Period 300 msec ———————————»
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EMC Test Setup

IEC61000-4-5 Surge

Amps

600
550

500
450
400
350
300
250
200
150
100

50
0

(/ T: = s.osel usec, I
1.25T =8.028 psec, —T % B
T, = 19.934 psec a0% |
Vi | | | . amp
/1 +1kV example (500A-2o0hm)
. N,
: 2 I \\
/ N [
1/ ~ | =
0 | L—ET—r I‘IU 15 20 25 30 35 40 45 50
|4fT1 | t-Time - psec

Source: Electrical Transient Immunity for Power-Over-Ethernet, Application Report, SLVA233A
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EMC Test Results

All immunity tests EXCEED the levels defined by the IEC standards.
IEC618000-3 and IEC61000-6-2 EMC immunity requirements

Requirements TIDA-00204 Measurements
Port Phenomenon Basic standard |Level Performance |Level Performance Test
(acceptance) Criterion (1)
criterion
Enclosure ESD IEC61000-4-2 +/-4kV CD or 8kV AD, |B +/-6kV CD B PASS
ports if CD not possible (EXCEED)
Ports for Fast transient IEC61000-4-4 +/-2kV/5kHz, capacitive | B +/-4kV B PASS
control lines Burst (EFT) clamp (EXCEED)
and DC
auxiliary Surge 1,2/50us, IEC61000-4-5 +/-1kV. Since shielded |B +/-2kV B (2) PASS
supplies <60V [ 8/20us cable >20m, direct (EXCEED)
coupling to shield
(20hm/500A)
Performance Criterion
Zecré(;;?;]nccee) Description 2) Class A is considered when there are less than 2-
criterion consecutive UDP packet losses and no major drop in
A The module shall continue to operate as intended. No loss of function or network utilization. One UDP packet loss will be tolerated
performance even during the test. (1) by the system, if the following UDP packet is echoed back
B Temporary degradation of performance is accepted. After the test, the module successfully. The test has been conducted w/ a UDP error
shall continue to operate as intended without manual intervention. packet test program at around 5% network bandwidth.
c During the test, loss of functions accepted, but no destruction of hardware or
software. After the test, the module shall continue to operate as intended
automatically, after manual restart, or power off, or power on.
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Tl Designs — Ethernet Brick
EN55011 Compliant, Industrial Ethernet PHY Brick Reference Design

Passed the RE test (Class A)
by ~6dB Margin
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DP83848 EMI Testing
Passed the RE test (Class A) by ~6dB Margin

PEAKS - Vertical Polarization
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DP83848 EMI (continued)

'PEAKS - Horizontal Polarization

-
i
i /
| WP b ST
20.00 . WLL.J ‘v.h. w
"l A AL A T T -

72

W3 TEXAS INSTRUMENTS




Key Learnings

 |dentify the Source, Path and Sink
— ESD
— EMI
— EMS

» “Good” Layout Practices
— Decrease Loops
— Board Zoning

Ethernet PHY Design & Layout Guidelines
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http://www.ti.com/lit/snla079

Inductance Issues

* Close the loop EAST!
— Return path is #1 priority

* Thick traces have minimal effect on inductance
* Loop diameter is key

8D
L = NZ[JOD [11’1 <7> — 02]
Example:

424 Gauge Wire, diameter 0.5105mm

— #18 Gauge Wire, diameter 1.0236mm #24 19.2nH 47.1nH

: 0.5105mm
— Loop diameter @ 10mm and 20mm
#18 14.8nH 38.4nH

1.0236mm
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Inductance Issues (2)

» Reframe from return path breaks
— Return path should be directly below

@
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