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 Power Over Ethernet Support of MPU32 Applications

Introduction
This application note describes the usage of Microchip Power over Ethernet (PoE) Powered Device (PD) technology
to power Microchip Microprocessor or MPU32 products. This document provides specific examples based on existing
MPU32 microprocessor and PoE evaluation boards. Further this document briefly describes usage of Microchip
MPU32 and PoE Power Source Equipment (PSE) technology to extend the Powered Ethernet loop beyond the 100 m
range in the Power Forwarding Application.
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1. MPU32
This section describes the MPU32 technology and its products used in the application.

1.1 Microprocessor and Microcontrollers
A Microprocessor (MPU) is a Central Processing Unit (CPU) that utilizes external Flash and DRAM. The benefit of
this architecture is that the external memory is used to provide program and data storage, which means the memory
connected to the processor is in the range of hundreds of Mbytes and even Gbytes. This allows the MPU to run
rich or full operating system such as Linux, which will allow multiple processes to run at the same time via multiple
threads. Drivers are required to run peripherals. The tradeoff is slower start up and potentially several different
voltage rails for core, memory, and so on. An MPU is different from a Microcontroller (MCU) in that the MCU will
integrate the Processor, Flash, and RAM. While the startup time for an MCU is better than MPU, the internal memory
is smaller relative to an MPU and can be limiting in the application scope. An MCU requires a single power supply
only. However, due to its limited resources, a light-weight RTOS is typically used instead of a rich operating system.

The following figure shows a basic block diagram of an MPU vs MCU.

Figure 1-1. Block Diagram of MPU vs. MCU
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1.2 MPU32 Products
Microchip offers the Arm® Cortex®-A5 based SAMA5 family or the ARM9 based SAM9 family of products.
Both SAMA5 and SAM9 families feature Ethernet 10/100 MAC interfaces. The SAMA5 series products are high-
performance, ultra-low power Cortex-A5 core based MPU devices. They support multiple memories, including DDR3,
LPDDR3, and Quad Serial Peripheral Interface (QSPI) flash. A rich set of peripherals, user interfaces, and robust
security features simplify the design for control panels/HMI, secure IoT gateways, connectivity, barcode scanners,
printers, and POS terminal applications. The low-power features and small packages are ideal for wearables and
other battery-operated consumer devices. A wide range of third-party offerings complements Microchip development
kits and software support.

SAM9 is based on the Microchip ARM926EJ-S based MPU family. It offers a lower level performance than SAMA5
yet it can run large software applications and provide access to the expansive capabilities of the Linux OS
environment. Microchip ARM9 MPUs provide a rich set of peripherals and user interfaces to simplify the design
for cost-sensitive consumer, IoT, and industrial applications.

See www.microchip.com/design-centers/32-bit-mpus for details.
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2. PoE Technology
This section describes the architecture of PoE, Endspan, Midspan, and PoE PD products.

2.1 Architecture
PoE is a standardized technology that enables delivery of power over standard Ethernet cables into IP-based data
terminals such as WLAN access points, network cameras, and IP telephones. There are two aspects or applications
associated with PoE.

• Powered Device (PD) - A device powered through the Ethernet link.
• Power Sourcing Equipment (PSE) - A device injecting power over the Ethernet link

The PSE can have two architectures: Endspan PSE and Midspan PSE (PoE Injector). In Endspan PSE, the PoE is
integrated inside the Ethernet Switch and in the Midspan PSE, or PoE Injector, the PSE unit is placed between a
non-PoE Ethernet Switch and the PD. The following figure shows the PoE architecture.

Figure 2-1. PoE Architecture
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2.2 PoE PSE Products – Endspan Architecture
The PSE detects a valid PD and classifies the power capabilities of the PD. The PSE provides 4 W to 95 W at 44 V to
57 V and applies power in a controlled manner. It also provides fault monitoring and disconnect, undercurrent turn off,
overcurrent protection, and isolation from the switch circuitry.

Microchips PSE solution consists of two ICs, the PD69210 Controller and the PD69204 Manager. The PD69210 PoE
Controller is based on the Microchip Cortex-M0 Microcontroller. The required firmware comes pre-loaded and this
firmware is field upgradable through the I2C host interface. The PD69204 is a mixed signal and high voltage analog
device. The two ICs when paired provide complete PoE PSE functionality.

Microchip offers PSE Integrated Circuit products for the Endspan architecture. Here, the PSE is designed into the
Ethernet switch. Microchip offers IEEE® 802.3bt compliant solutions supporting from 4 to 48 2-pair or 4-pair logical
ports. Additionally, Microchip offers single and four port solutions for IEEE802.3af/at applications. The following
figure shows a block diagram of a 4-pair PSE solution based on the Microchip PD69210 Controller and PD69204T4
Manager.
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Figure 2-2. 4-pair PSE Solution based on Microchip PD69210 Controller and PD69204 Manager
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2.3 PoE PSE Products – Midspan Architecture
Microchip offers single and multi-port injectors and switches that are IEEE 802.3bt/at/af compliant (up to 90 W).
Microchip offers indoor, outdoor, and industrial solutions with AC- and DC-powered options and Multi-Gigabit
solutions up to 10 Gbps.

The following figure shows a single port PoE midspan that provides up to 15.4 W of PoE and offers an IEEE
802.3af-compliant solution with data rates of 10/100/1000 Mbps.

Figure 2-3. Single-Port Midspan - PD-3501GC

The following figure shows PD-9624GC, which is a 24-port, 90 W, IEEE 802.3bt-compliant indoor PoE midspan.
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Figure 2-4. 24-port PoE Midspan - PD-9624GC

For more information, refer to www.microchip.com/poe.

2.4 PoE PD Products
Microchip offers the PD front-end ICs with and without integrated Pulse-Width Modulation (PWM) controllers. The PD
front end provides signatures for detection and correct classification. It also provides controlled power application,
power optimization, inrush current protection, and optional bias for DC/DC start up.

The DC/DC uses either an integrated or external PWM controller. The DC/DC also provides optional isolation. The
input capacitor provides for legacy detection, EMI, and transient protection. The PD70101 shown in the following
figure uses an integrated PWM. The DC/DC converts the high PoE voltage down to regulated supply voltage used
by the application. There are two main topologies used in the PoE PD, Flyback, and Forward. A brief comparison is
given in the following table.

Parameter Flyback Forward

Step Down Voltage 3.3 V - 24 V 3.3 V - 12 V

RBOM Cost1 ~$1.50 ~$2.50

Efficiency 88-91 % 90-93 %

Power Range (V <12 V) <50 W >50 W

Note:  1. DC/DC only excluding PWM cost.

Microchip PoE offers an automated design tool, MPLAB® Analog Designer or MAD. Refer to the tool at
www.microchip.com/mad-poe

Mostly, IEEE standards do not guarantee the port polarity, therefore a diode bridge is required at the PD front end.
Microchip offers the PD70224 Ideal diode bridge. Alternatively, a standard diode bridge may also be used. The ideal
diode bridge is typically used in power sensitive designs that minimizes PCB area. The standard diode bridge is used
in more cost sensitive applications.

The following figure shows a block diagram of the PD based on the Microchip PD70101.
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Figure 2-5. Block Diagram of a PD using the Microchip PD70101
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3. Adding PoE Power to MPU32 Applications
This section describes the steps for adding PoE power to MPU32 applications. This section describes how to replace
the USB power with PoE power based on the Microchip PD70101 PD.

3.1 Hardware
The SAMA5D2C-XULT kit is a full-featured evaluation platform for the SAMA5D2 series ARM-based MPU. The
SAMA5D2C-XULT board is based on the integration of an Arm Cortex-A5-based microprocessor with external
memory, one Ethernet physical layer transceiver, one SD/MMC interface, one host USB port, one device USB port,
and one 24-bit RGB LCD. This board offers several powering options. The default configuration is to provide power
through USB. The following image shows the SAMA5D2C-XULT kit.

Figure 3-1. SAMA5D2C-XULT Kit

The following figure shows a simplified block diagram of the SAMA5D2C-XULT with the default USB powering.
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Figure 3-2. Block Diagram of SAMA5D2C-XULT
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A simplified block diagram of the SAMA5D2C-XULT with the default USB powering replaced by PoE power is shown
in the following figure.
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Figure 3-3. Block Diagram of SAMA5D2C-XULT with PoE Power
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The PD70101 is part of the Microchip PD integrated circuits. The PD70101 is designed to meet the IEEE 802.3af
standard. This product features both the PD front end and an integrated PWM controller. The following table lists
Microchip’s complete PD product offerings.

Part Type Package IEEE 802.3af IEEE 802.3at HDBase T
(PoH)

UPoE

PD70100 Front end 3 mm × 4 mm
12L DFN

x — — —

PD70101 Front end +
PWM

5 mm × 5 mm
32L QFN

x — — —

PD70200 Front end 3 mm × 4 mm
12L DFN

x x — —

PD70201 Front end +
PWM

5 mm × 5 mm
32L QFN

x x — —

PD70210 Front end 4 mm × 5 mm
16L DFN

x x x x

PD70210A Front end 4 mm × 5 mm
16L DFN

x x x x

PD70210AL Front end 5 mm × 7 mm
38L QFN

x x x x

PD70211 Front end +
PWM

6 mm × 6 mm
36L QFN

x x x x

PD70224 Ideal Diode
Bridge

6 mm x 8 mm
40L QFN

x x x x
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The PD70101EVB6F is an Evaluation Board (EVB) that is IEEE 802.3af/at Type 1 compliant. This EVB is based
on the PD70101 with an isolated flyback DC/DC converter designed for a 5 V 1.2A output. For detailed design
information on this EVB, refer to: www.microchip.com/DevelopmentTools/ProductDetails/PartNO/PD70101EVB6F

The following image shows the PD70101EVB6F EVB.

Figure 3-4. PD70101EVB6F Evaluation Board

A simplified block diagram of the PD70101EVB6F EVB is shown in the following figure.

Figure 3-5. Block Diagram of the PD70101EVB6F EVB
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3.2 Electrical Connections to PoE Power the SAMA5D2
To power the SAMA5D2C-XULT from the PD70101EVB6F, the 5 V output from the PD70101EVB6F is connected
to the SAMA5D2C-XULT. Disable the USB power input on the SAMA5D2C-XULT by removing JP8 and connect
the green 5 V power output on the PD70101EVB6F to the VDD_5V_IN header on the SAMA5D2C-XULT. These
connections are shown in the following figures.

Figure 3-6. PD70101EVB6F Power Output

+5V GND

Figure 3-7. SAMA5D2C-XULT JP8 and VDD_5V_IN Connections
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3.3 PSE Power to the PD70101EVB6F PD
Input power can be provided to the PD70101EVB6F PD in various methods. The simplest method is to use a
Microchip PoE Midspan, such as the PD-3501GC. Using Cat5 or newer cable, connect the Data and Power Out RJ45
of the PD-3501GC to the Data and Power Input RJ45 of the PD70101EVB6F.

Figure 3-8. PD-3501GC Connected to RJ45
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3.4 Complete PD Application using SAMA5D2C-XULT and PD70101EVB6F
The PoE powered SAMA5D2C-XULT can be used for a variety of applications. One such application is an IP Camera
and display as shown in the following figure.

Figure 3-9. Complete PD Application using SAMA5D2C-XULT and PD70101EVB6F

All connections are discussed in this document except for the Camera to SAMA52C-XULT. The Camera is connected
to the Image Sensor Controller (ISC) on J18. See the SAMA5D2C-XULT User’s Guide for additional details.
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4. MPU and PoE PSE Applications
This section describes the power forwarding method.

4.1 Power Forwarding
Power forwarding is an easy method to extend the Ethernet network range beyond 100 m. Power Forwarding acts as
a pass through with data repeating capabilities to extend the Ethernet range. Power Forwarding uses both a PD and
a PSE PoE IC. The PD receives incoming power and feeds this power to the PSE, which is used to drive the next
100 m of loop, as shown in the following figure.

Note:  The PD device is the PD70201, which has IEE 802.3at (30 W) capabilities to accommodate the added power
needs of the Power Forwarding. The PSE IC is the Microchip PD69201 single port PSE.

Figure 4-1. Modified SAMA5D2C-XULT Design with PoE Power and Power Forwarding

4.2 Summary
This document describes the use of Microchip PoE PD technology in conjunction with Microchip Microprocessor or
MPU32 products. Microchip offers complete reference design packages and Evaluation Boards (EVBs). For access
to these design packages, device datasheets, or application notes, consult your local Microchip Client Engagement
Manager or visit www.microchip.com. For technical support or questions, consult your local Embedded Solutions
Engineers or visit www.microchipsupport.force.com/s/
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5. Revision History
Revision Date Description

A 05/2021 Initial Revision

 AN3945
Revision History

© 2021 Microchip Technology Inc.  Application Note DS00003945A-page 17



The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to make files and
information easily available to customers. Some of the content available includes:

• Product Support – Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

• General Technical Support – Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

• Business of Microchip – Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

• Distributor or Representative
• Local Sales Office
• Embedded Solutions Engineer (ESE)
• Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

• Microchip products meet the specifications contained in their particular Microchip Data Sheet.
• Microchip believes that its family of products is secure when used in the intended manner and under normal

conditions.
• There are dishonest and possibly illegal methods being used in attempts to breach the code protection features

of the Microchip devices. We believe that these methods require using the Microchip products in a manner
outside the operating specifications contained in Microchip’s Data Sheets. Attempts to breach these code
protection features, most likely, cannot be accomplished without violating Microchip’s intellectual property rights.

• Microchip is willing to work with any customer who is concerned about the integrity of its code.
• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code

protection does not mean that we are guaranteeing the product is “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.
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Legal Notice

Information contained in this publication is provided for the sole purpose of designing with and using Microchip
products. Information 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.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. 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 ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE
OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL OR
CONSEQUENTIAL LOSS, DAMAGE, COST OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR ITS USE
WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR
THE INFORMATION. Use of Microchip 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 unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime,
BitCloud, chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, HELDO, IGLOO, JukeBlox,
KeeLoq, Kleer, LANCheck, LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo,
MOST, MOST logo, MPLAB, OptoLyzer, PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip
Designer, QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer,
Tachyon, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

AgileSwitch, APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, FlashTec, Hyper Speed
Control, HyperLight Load, IntelliMOS, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC,
ProASIC Plus, ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra,
TimeProvider, WinPath, and ZL are registered trademarks of Microchip Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, AnyIn, AnyOut, Augmented Switching,
BlueSky, BodyCom, CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, Espresso T1S, EtherGREEN, IdealBridge,
In-Circuit Serial Programming, ICSP, INICnet, Intelligent Paralleling, Inter-Chip Connectivity, JitterBlocker, maxCrypto,
maxView, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach,
Omniscient Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE,
Ripple Blocker, RTAX, RTG4, SAM-ICE, Serial Quad I/O, simpleMAP, SimpliPHY, SmartBuffer, SMART-I.S., storClad,
SQI, SuperSwitcher, SuperSwitcher II, Switchtec, SynchroPHY, Total Endurance, TSHARC, USBCheck, VariSense,
VectorBlox, VeriPHY, ViewSpan, WiperLock, XpressConnect, 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.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered trademarks of
Microchip Technology Inc. in other countries.

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

All other trademarks mentioned herein are property of their respective companies.
© 2021, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.
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Quality Management System
For information regarding Microchip’s Quality Management Systems, please visit www.microchip.com/quality.
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