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INTRODUCTION

The LAN9252 is a 2/3-port EtherCAT® Slave Controller (ESC) with dual integrated Ethernet PHYs. The LAN9252 is
typically implemented in Industrial Automation solutions and includes the following main features:
* Integrated high-performance 100Mbps Ethernet transceivers
« 3 FMMUs, 4 SyncManagers, Distributed clock support, 4K bytes of DPRAM
» 8/16-bit host bus interface allowing connection to most 8/16/32-bit embedded controllers
¢ SPI/ SQI slave interface
« Support for 5 different main configurations:
- Digital I/O (DIGIO)
- HBI
- SPI with GPIO
- SPI with MII - 3 port mode
- SPI with MII - back to back
« 3rd port for flexible network configurations
« Comprehensive power management features
« Low pin count and small package size

The purpose of this document is to provide details on the various power management modes of the device.

References

* Microchip LAN9252 Datasheet
* Microchip EVB-LAN9252-HBI-SPI-SQI-GPIO Evaluation Board User’s Guide
* Microchip PIC32MX7xx Datasheet

Terms and Abbreviations

TABLE 1: TERMS AND ABBREVIATIONS

Term Definition
DA Destination Address
ESC EtherCAT® Slave Controller
EDPD Energy Detect Power Down
EVB Engineering Validation Board
HBI Host Bus Interface
IDE Integrated Development Environment
SPI Serial Protocol Interface
SSC Slave Stack Code
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POWER MANAGEMENT

The LAN9252 supports numerous power management and wakeup features. The LAN9252 can be placed in a reduced
power mode and programmed to issue an external wake signal via several methods, including “Magic Packet”, “Wake
on LAN”, wake on broadcast, wake on perfect DA, and “Link Status Change”. This signal is ideal for triggering system
power-up using remote Ethernet wakeup events. The device can be removed from the low power state via a host pro-
cessor command or one of the wake events. The main modes of power management are listed below, and detailed in
the following sub-sections:

* Wake-up Event Detection

* Wake-up (PME) Notification

» Block-level Power Management

* Chip-level Power Management

Wake-up Event Detection

Wake-up Event Detection can be categorized into two groups:

e PHY A & B Energy Detect Power Down (EDPD) Mode
e PHY A & B Wake on LAN (WolL)

PHY A & B ENERGY DETECT POWER DOWN (EDPD) MODE

Energy Detect Power Down Mode reduces PHY power consumption. In Energy Detect Power Down Mode, the PHY wiill
resume from power-down when energy is seen on the cable (typically from link pulses). EDPD Mode is entered as fol-
lows:

« Enable the Energy detect power down mode by setting bit 13 of the PHY x Mode Control/Status Register (17 in
decimal)

« Enable the Energy detect interrupt by setting INT7_MASK (bit 7) of the PHY x Interrupt Mask Register (30 in dec-
imal)

* When the energy is received via link pulses or packets, ENERGYON (bit 1) of the PHY x Mode Control/Status
Register (17 in decimal) goes high

« The transceiver automatically resets itself to the state prior to power down and asserts INT7 (bit 7) of the PHY x
Interrupt Source Flags Register (29 in decimal)

When in EDPD mode, the device's NLP characteristics may be modified (for green switch interoperability). The device
can be configured to transmit NLPs as follows:
» Set EDPD TX NLP ENABLE (bit 15) of the PHY x EDPD NLP Configuration Register (16 in decimal)

» Configure the TX NLP time interval via the EDPD TX NLP INTERVAL TIMER SELECT field (bits 14:13) of the
PHY x EDPD NLP Configuration Register (16 in decimal)

» Set the EDPD RX Single NLP Wake Enable (bit 12) of the PHY x EDPD NLP Configuration Register (16 in deci-
mal)

« If the EDPD RX Single NLP Wake Enable bit is cleared, the maximum interval for detecting reception of two NLPs
is made via the EDPD RX NLP Max Interval Detect Select field (bits 11:10) of the PHY x EDPD NLP Configuration
Register (16 in decimal)

PHY A & B WAKE ON LAN (WOL)

PHY A and B provide the following types of WoL event detection:
» Perfect DA (Destination Address) Detection

» Broadcast Detection

¢ Magic Packet Detection

* Wakeup Frame Detection
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Perfect DA (Destination Address) Detection

When enabled, the Perfect DA detection mode allows the detection of a frame with the destination address matching
the address stored in the PHY x MAC Receive Address x Registers. To configure Perfect DA Detection:

» Set the desired MAC address to cause the wake event in the PHY x MAC Receive Address A Register (PHY_RX-
_ADDRA _x), PHY x MAC Receive Address B Register (PHY_RX_ADDRB_x), and PHY x MAC Receive Address
C Register (PHY_RX_ADDRC_x)

» Set the Perfect DA Wakeup Enable (PFDA_EN) bit of the PHY x Wakeup Control and Status Register
(PHY_WUCSR_x) to enable Perfect DA detection

» Set bit 8 (WoL event indicator) in the PHY x Interrupt Mask Register (PHY_INTERRUPT_MASK_x) to enable WoL
events

* When a match is triggered, bit 8 of the PHY x Interrupt Source Flags Register (PHY_INTERRUPT_SOURCE_x)
will be set, and the Perfect DA Frame Received (PFDA_FR) bit of the PHY x Wakeup Control and Status Register
(PHY_WUCSR_x) will be set.

Broadcast Detection

When enabled, the Broadcast detection mode allows the detection of a frame with the destination address value of
FF FF FF FF FF FF. The frame must also pass the FCS and packet length check. To configure Broadcast Detection:

» Set the Broadcast Wakeup Enable (BCST_EN) bit of the PHY x Wakeup Control and Status Register
(PHY_WUCSR_x) to enable Broadcast detection

» Set bit 8 (WoL event indicator) in the PHY x Interrupt Mask Register (PHY_INTERRUPT_MASK_x) to enable WoL
events

* When a match is triggered, bit 8 of the PHY x Interrupt Source Flags Register (PHY_INTERRUPT_SOURCE_x)
will be set, and the Broadcast Frame Received (BCAST_FR) bit of the PHY x Wakeup Control and Status Register
(PHY_WUCSR_x) will be set

Magic Packet Detection

When enabled, the Magic Packet detection mode allows the detection of a Magic Packet frame. A Magic Packet is a
frame addressed to the device - either a unicast to the programmed address, or a broadcast - which contains the pattern
48'h FF_FF_FF_FF_FF_FF after the destination and source address field, followed by 16 repetitions of the desired MAC
Address (loaded into the PHY x MAC Receive Address A Register (PHY_RX_ADDRA_x), PHY x MAC Receive B Reg-
ister (PHY_RX_ADDRB_x), and PHY x MAC Receive Address C Register (PHY_RX_ADDRC_x)) without any breaks
or interruptions. To configure Magic Packet Detection:

» Set the desired MAC address to cause the wake event in the PHY x MAC Receive Address A Register (PHY_RX-
_ADDRA_x), PHY x MAC Receive Address B Register (PHY_RX_ADDRB_x), and PHY x MAC Receive Address
C Register (PHY_RX_ADDRC_x)

« Set the Magic Packet Enable (MPEN) bit of the PHY x Wakeup Control and Status Register (PHY_WUCSR_X) to
enable Magic Packet detection

« Set bit 8 (WoL event indicator) in the PHY x Interrupt Mask Register (PHY_INTERRUPT_MASK_x) to enable WoL
events

* When a match is triggered, bit 8 of the PHY x Interrupt Source Flags Register (PHY_INTERRUPT_SOURCE_X)
will be set, and the Magic Packet Received (MPR) bit of the PHY x Wakeup Control and Status Register
(PHY_WUCSR_x) will be set

Wakeup Frame Detection

When enabled, the Wakeup Frame detection mode allows the detection of a pre-programmed Wakeup Frame. Wakeup
Frame detection provides a way for system designers to detect a customized pattern within a packet via a programma-
ble wake-up frame filter. The filter has a 128-bit byte mask that indicates which bytes of the frame should be compared
by the detection logic. A CRC-16 is calculated over these bytes. The result is then compared with the filter's respective
CRC-16 to determine if a match exists. When a wake-up pattern is received, the Remote Wakeup Frame Received
(WUFR) bit of the PHY x Wakeup Control and Status Register (PHY_WUCSR_Xx) is set.

If enabled, the filter can also include a comparison between the frame's destination address and the address specified
in the PHY x MAC Receive Address A Register (PHY_RX_ADDRA_x), PHY x MAC Receive Address B Register
(PHY_RX_ADDRB_x), and PHY x MAC Receive Address C Register (PHY_RX_ADDRC_x). The specified address can
be a unicast or a multicast. If address matching is enabled, only the programmed unicast or multicast address will be
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considered a match. Non-specific multicast addresses and the broadcast address can be separately enabled. The
address matching results are logically OR'd (i.e., specific address match result OR any multicast result OR broadcast
result).

Wake-up (PME) Notification

The PME module handles the latching of the following bits in the Power Management Control Register (PMT_CTRL):

« PHY B Energy-Detect / WoL Status Port B (ED_WOL_STS_B) bit
* PHY A Energy-Detect / WoL Status Port A (ED_WOL_STS_A) bit

This module also masks the status bits ED_WOL_STS_B and ED_WOL_STS_A with the corresponding enable bits and
combines the results together to generate the Power Management Interrupt. The Power Management Interrupt, com-
bined with interrupts sources, drives the IRQ output pin.

Block-level Power Management

The device supports software controlled clock disabling of the following modules in order to reduce power consumption:

» Disabling EtherCAT Core
* PHY Power Down
e LED Pins Power Down

DISABLING ETHERCAT CORE

« The Entire EtherCAT core can be disabled by setting the ECAT_DIS (21) bit in the Power Management Control
Register (0x084)

« As a safety precaution, it must be written as a 1 two consecutive times
PHY POWER DOWN

General Power Down

In this mode the entire transceiver, except the PHY management control interface is powered down. General power
down mode is enabled by setting Power Down (PHY_PWR_DWN) bit of the PHY x Basic Control Register.

Energy Detect Power Down Mode

A PHY can be placed into Energy Detect Power Down Mode as described in the PHY A & B Energy Detect Power Down
(EDPD) Mode section.

LED PINS POWER DOWN

All LED outputs may be disabled by setting the LED_DIS bit in the Power Management Control Register (PM_CTRL).
When disabled, open-drain / open-source LEDs are undriven. Push-pull LEDs are still driven, but are set to their inactive
state.
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Chip-level Power Management

The device supports power-down modes to allow applications to minimize power consumption. Power is reduced by

disabling the clocks as outlined in Table 2.

TABLE 2: POWER MANAGEMENT STATES
Clock Source DO D1 D2 D3
25 MHz Crystal Oscillator ON ON ON OFF
OFF
PLL ON ON (Note 2) OFF
System Clocks (100 MHz, 50 MHz, 25 MHz and others) ON OFF OFF OFF
Available Available Available OFF
Network Clocks (Note 1) (Note 1) (Note 1) (Note 3)
Note 1: If supplied by the PHYs or externally
2: PLL is requested to be turned off and will disable if both of the PHYs are in either Energy Detect or General

Power Down
3: PHY clocks are off, external clocks are gated off
The power management state are defined as follows:

< DO: Normal Mode - In this mode all functionality is available.

« D1: System clocks disabled, XTAL, PLL and network clocks enabled.
« D2: System clocks disabled, PLL disable requested, XTAL enabled.
« D3: System clocks disabled, PLL disabled, XTAL disabled

ENTERING LOW POWER MODES

« Write the PM_MODE and PM_WAKE fields in the Power Management Control Register (PMT_CTRL) to the
desired values

« Set the wake-up detection desired per the Wake-up Event Detection section

« Set the appropriate wake-up notification per the Wake-up (PME) Notification section

« Ensure the device is in a state where it can safely be placed into a low power mode
(all packets transmitted, receivers disabled, packets processed/ flushed, etc.)

* Set PM_SLEEP_EN bit in the Power Management Control Register (PMT_CTRL)

EXITING LOW POWER MODES

« An automatic wake-up will occur based on the events described in the Wake-up Event Detection section
« Automatic wake-up is enabled with the PM_WAKE bit in the Power Management Control Register (PMT_CTRL)
« A manual wake-up is initiated by the host when:

- An HBI write to the Byte Order Test Register occurs

- An SPI/SQI read of the Byte Order Test Register occurs

» To determine the when the host is functional; the Byte Order Test Register should be polled until the correct pat-
tern is read

» The device ready bit will go high once the device is returned to power savings state DO and the PLL is re-stabilized
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APPENDIX A:  APPLICATION NOTE REVISION HISTORY

TABLE A-1: REVISION HISTORY

Revision Level & Date

Section/Figure/Entry

Correction

DS00001911A (03-27-15)

Document Release
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Note the following details of the code protection feature on Microchip devices:
. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the
intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device applications and the like is provided only for your convenience and may be
superseded by updates. It is your responsibility to ensure that your application meets with your specifications. MICROCHIP MAKES NO
REPRESENTATIONS OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE,
MERCHANTABILITY OR FITNESS FOR PURPOSE. Microchip disclaims all liability arising from this information and its use. Use of Micro-
chip devices in life support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend, indemnify and hold
harmless Microchip from any and all damages, claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or
otherwise, under any Microchip intellectual property rights.

Trademarks

The Microchip name and logo, the Microchip logo, dsPIC, FlashFlex, flexPWR, JukeBlox, KEELOQ, KEELOQ logo, Kleer, LANCheck,
MediaLB, MOST, MOST logo, MPLAB, OptoLyzer, PIC, PICSTART, pPIC32 logo, RightTouch, SpyNIC, SST, SST Logo, SuperFlash and
UNI/O are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

The Embedded Control Solutions Company and mTouch are registered trademarks of Microchip Technology Incorporated in the U.S.A.

Analog-for-the-Digital Age, BodyCom, chipKIT, chipKIT logo, CodeGuard, dsPICDEM, dsPICDEM.net, ECAN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, KleerNet, KleerNet logo, MiWi, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK,
MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, RightTouch logo, REAL ICE, SQI, Serial
Quad I/0, Total Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and ZENA are trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.
Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

GestIC is a registered trademarks of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of Microchip Technology Inc., in
other countries.

All other trademarks mentioned herein are property of their respective companies.

© 2015, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.

EtherCAT® is registered trademark and patented technology, licensed by Beckhoff Automation GmbH, Germany.
ISBN: 9781632772084

QUALITY MANAGEME NT SYSTEM Microchip received ISO/TS-16949:2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
CERTIFIED BY DNV Tempe, Arizona; Gresham, Oregon and design centers in California

and India. The Company’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
— ISO/TS 1 694.9 — devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.
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