LM5072 5V out 25W IEEE
802.3at Compliant POE+ PD
Power Eval_Board

1.0 Design Specifications

National Semiconductor
RD-180

PowerWise Design Center
November 16, 2009

Inputs

Output #1

VinMin=38V

Vout1=5V

VinMax=60V

lout1=5A

2.0 Design Description

Eval Board Description

This LM5072 based 5V out 25W POE+ PD power supply is
fully compliant with IEEE 802.3at standard. This eval board
converts 48 Vdc to 5 Vdc. It can deliver up to 25W power as
specified by the IEEE 802.3at standard. It has a 2 event de-
tection circuit which can identify the PSE as either Type one
or Type two. ( See National Semiconductor Application note
“Fully Compliant IEEE 802.3at Interface Using the LM5072/
LM5073” for details ) The 2 event detection circuit is located
on the bottom layer of the PC board. In those applications
where this 2 event detection feature is not required, the user
only needs to populate top layer components.

The input current limit is 800 mA. The efficiency of this eval
board is high enough to keep input current under 800mA at
38Vin full load. The input under voltage lock has 7V hystere-
sis, with 38V rise and 31V fall. This eval board also has output
short circuit protection.

This eval board can also be powered by a 24V AUX power
supply. In this configuration, the AUX input port bypasses the
LM5072 internal hot swap MOSFET and allows input current
to be greater than the 800 mA limit.

LM5072

The LM5072 Powered Device (PD) interface and Pulse-
Width-Modulation (PWM) controller provides a complete pow-
er solution for the PD connecting into Power over Ethernet
(PoE) networks. This controller integrates all functions nec-
essary to implement both a PD powered interface and DC-DC

4.0 Schematic

converter with a minimum number of external components.
The low RDS(ON) PD interface hot swap MOSFET and pro-
grammable DC current limit makes LM5072 suitable for both
IEEE 802.3af and IEEE 802.3at compliant PD devices. The
100V maximum voltage rating simplifies selection of the tran-
sient voltage suppressor that protects the PD from network
transients. The LM5072 includes an easy to use PWM con-
troller. The PWM control scheme is based on peak current
mode control, which provides inherent advantages of line
feed forward, cycle by cycle current limit and simplifies feed-
back loop compensation.

IEEE 802.3af and IEEE 802.3at are the PoE specifications
this design is compliant with.

3.0 Features

B DC/DC converter efficiency of 85% at 48V in 25W load
B With added two event detection circuit, this design is fully
compliant with IEEE 802.3at

B |ntegrated POE+ RJ45 magetics connector provides
Ethernet isolation

B | ow ripple voltage <20 mV, tight dynamic load regulation
<75 mV

B |nrush current limit, 800 mA input over current protection

B Qutput short circuit protection, soft start, input under
voltage protection

B 24V AUX input port with Oring diode

B Uses standard FA2898-AL transformer from Coilcraft

© 2009 National Semiconductor Corporation
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FIGURE 2. Schematic _sheet2
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5.0 Bill of Materials

Designator ~ CompType

BR100 Diode
BR10L Diode
€100 Capacitor
cio1 Capacitor
€102 Capacitor
C103 Capacitor
Cc104 Capacitor
C105 Capacitor
C106 Capacitor
c108 Capacitor
c110 Capacitor
cii1 Capacitor
c112 Capacitor
[SEE] Capacitor
cl14 Capacitor
c115 Capacitor
c116 Capacitor
c200 Capacitor
c201 Capacitor
€202 Capacitor
c203 Capacitor
C204 Capacitor
c205 Capacitor
D100 Diode
D101 Diode
D102 Diode
D103 Diode
D104 Zener
D200 Diode
D201 Zener
3300 Connector
L100 Inductor
L101 Inductor
Q100 MOSFET
Q101 BT
Q200 MOSFET
R100 Resistor
R101 Resistor
R102 Resistor
R103 Resistor
R104 Resistor
R105 Resistor
R109 Resistor
R110 Resistor
R111 Resistor
R112 Resistor
R113 Resistor
R114 Resistor
R115 Resistor
R116 Resistor
R120 Resistor
R200 Resistor
R201 Resistor
R202 Resistor
R203 Resistor
R204 Resistor
R205 Resistor
R206 Resistor
R207 Resistor
R208 Resistor
R209 Resistor
R210 Resistor
R211 Resistor
R212 Resistor
T100 Transformer
U100 MiscPower
u101 OPTOCOUPLER
U102 Shunt Regulator
U200 Comparator IC
U201 Flip Flop IC
U202 OPTOCOUPLER
U203 Lboic
2100 vs
Z101 TvS

Value

100v
100V
33uF
2.20F
0.1uF
0.047uF
0.22uF
1uF
1000pF
1000pF
330uF
330uF
330uF
22uF
0.33uF
330pF
0.047uF
0.1uF
4700pF
1uF
0.1uF
10uF
2200pF
0.79v

16.2k

44.2k
14.7k
10.0
750
1.87k
100k
61.9k
5.90k
1.00k
100k
10.0k
1.00k
100k
10.0k

10.0k
20.0k
6.65k

58V
58V

Package

MiniDip
MiniDip
SMD

SOD-123
SOD-123

MSS7341
DO1813
PowerPAK SO-8

PS2501L-1
SOT23-5

PS2501L-1
MO8A
SMA
SMA

Description

Diode Bridge 100V, 0.8A
Diode Bridge 100V, 0.8A
AL, 100V, 20%
Ceramic, X7R, 100V, 10%
Ceramic, X7R, 100V, 10%
Ceramic, X7R, 25V, 10%
Ceramic, X7R, 16V, 10%
Ceramic, X7R, 16V, 10%
Ceramic, COG/NPO, 50V, 5%
Ceramic, X7R, 1000V, 10%
Polarized Capacitor 6.3V 330uF
Polarized Capacitor 6.3V 330uF
Polarized Capacitor 6.3V 330uF
Ceramic, X5R, 6.3V, 20%
Ceramic, X7R, 16V, 10%
Ceramic, COG/NPO, 50V, 5%
Ceramic, X7R, 25V, 10%
Ceramic, X7R, 50V, 10%
Ceramic, COGINPO, 25V, 5%
Ceramic, X5R, 25V, 10%
Ceramic, X7R, 100V, 10%
Ceramic, X5R, 6.3V, 20%
Ceramic, COGINPO, 100V, 5%
Vr =100V, lo = 1A, Vf = 0.79V
Vr=100V, Io=0.15A, Vf = 1.25V
Vr=35V, lo = 10A, Vf = 0.56V
Vr =100V, Io=3A, Vf =0.79V.
SMT Zener Diode
Vr=100V, 10 =0.15A, Vf = 1.25V
SMT Zener Diode

Integrated POE+ 10/100 Base-T RJ45
Shielded Drum Core, 3.16A, 0.024 Ohm

Inductor
3A, 17nC, DS(on) @ 4.5V =0.076
NPN, 0.2, 40V

0.26A, 0.81nC, DS(on) @ 4.5V =3

5%, 0.125W
1%, 0.125W
1%, 0.125W
1%, 0.25W
1%, 0.125W
1%, 0.25W
Resistor
1%, 0.125W
5%, 0.125W
1%, 0.125W
1%, 0.125W.
1%, 0.125W
1%, 0.125W
1%, 0.125W
1%, 0.125W
1%, 0.125W
1%, 0.125W
1%, 0.125W
1%, 0.125W
1%, 0.125W
1%, 0.125W
1%, 0.125W
1%, 0.125W
1%, 0.125W
1%, 0.125W
1%, 0.125W
1%, 0.125W
5%, 0.125W

Integrated 100V POE Controller

LOW VOLTAGE ADJ SHUNT

Low Voltage, Precision Comparator with Push-Pull
Dual Positive-Edge-Triggered D-Type Flip-Flop

Ultra-Low Quiescent Current LDO Voltage Regulator

SMT Zener Diode
SMT Zener Diode

Manufacturer PartNumber
Diodes Inc. HDO1
Diodes Inc. HDO1
Nippon Chemi-Con EMVE101ADA330MJAOG
MuRata GRM32ER72A225KA35L
TDK C2012X7R2A104K
MuRata GRM218R71E473KA01D
TDK C2012X7R1C224K
TDK C2012X7R1C105K
TDK C2012C0G1H102)
Vishay-Vitramon VJ1210Y102KXGATSZ
United Chemi-con APXE6R3ARA331MF80G
United Chemi-con APXE6R3ARA331MF80G
United Chemi-con APXE6R3ARA331MF80G
TDK C2012X5R0J226M
TDK C2012X7R1C334K
MuRata GRM2165C1H331JA01D
MuRata GRM218R71E473KA01D
TDK C2012X7R1H104K
TDK C2012C0G1E472)
TDK C2012X5R1E105K
TDK C2012X7R2A104K
TDK C3216X5R0J106M
TDK C2012C0G2A222)
Diodes Inc. B1100-13-F
Diodes Inc. 1N4148W-7-F
ON Semiconductor MBRD1035CTLT4G
Diodes Inc. B3100-13-F
Diodes Inc. MMSZ52408-7-F
Diodes Inc. 1N4148W-7-F
Diodes Inc. MMSZ52408-7-F
Midcom Wurth 7499411122
Coilcraft Inc. MSS7341-502MLB
Coilcraft DO1813H-181ML
Vishay-Siliconix SI7898DP-E3
Central Semiconductor CMPT3904 LEAD FREE
ON Semiconductor 2N7002ET1G
Vishay-Dale CRCWO080520R0JNEA
Vishay-Dale 'CRCWO08054k99FKEA
Vishay-Dale ‘CRCWO080521k0FKEA
Panasonic ERJ-8RQFR22V/
Vishay-Dale CRCWO0805100RFKEA
Panasonic ERJ-8RQFR22V
Vishay-Dale CRCWO080531R6FKEA
Vishay-Dale CRCWO080516k2FKEA
Vishay-Dale CRCWO08050000Z0EA
Vishay-Dale CRCWO080544k2FKEA
Vishay-Dale 'CRCWO080514k7FKEA
Vishay-Dale CRCWO080510ROFKEA
Vishay-Dale CRCWO08B05750RFKEA
Vishay-Dale CRCWO08051k87FKEA
Vishay-Dale ‘CRCWO0805100kFKEA
Vishay-Dale CRCWO080561k9FKEA
Vishay-Dale 'CRCWO08055k90FKEA
Vishay-Dale CRCWO08051k00FKEA
Vishay-Dale 'CRCWO0805100kFKEA
Vishay-Dale CRCWO080510kOFKEA
Vishay-Dale ‘CRCWO08051k00FKEA
Vishay-Dale ‘CRCWO0805100kFKEA
Vishay-Dale ‘CRCWO080510kOFKEA
Vishay-Dale CRCWO0805383RFKEA
Vishay-Dale ‘CRCWO080510kOFKEA
Vishay-Dale 'CRCWO080520k0FKEA
Vishay-Dale 'CRCWO08056k65FKEA
Vishay-Dale CRCWO08050000Z0EA
Coilcraft FA2898-AL
National Semiconductor LM5072MH-80
NEC PS2501L-1-H
National Semiconductor LMV431AIM5
National Semiconductor LMV762MA
Texas Instruments SN74AHC74D
NEC PS2501L-1-H
National LI -5.0
Diodes Inc SMAJ58A
Diodes Inc SMAJS8A

bomé

FIGURE 4. BOM
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6.0 Other Operating Values

Operating Values

Description Parameter Value Unit
Modulation Frequency Frequency 250 KHz
Total output power Pout 25 w
Steady State Efficiency Efficiency 85 %
Control scheme Control scheme | Current Mode
Peak-to-peak ripple voltage Vout p-p 20 mV
Static load regulation Static load 50 mV
Dynamic load regulation Dynamic load |75 mV
7.0 Board Photos
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FIGURE 5. Board Photo
8.0 QUiCk Start - Ethernet Cable
R ded Equi " Test Procedure:
IEEE 802.3at complant PSE or a regular DC Lab P I{PSE is used
-Su | ~at complian or a reguiar ab Fower 1. Connect output of PSE to J300 of the eval board via eth-
E:)pz/ ic Load ernet cable.
i ec. ronic Loa 2. Connect test point P102 on the eval board to the positive
- Multimeter terminal of the electronic load. Connect test point P103 on the
- Oscilloscope

www.national.com




eval board to the negative terminal of the electronic load. Set
electronic load current to 5A.

3. Turn on the PSE.
If lab power supply is used

1. Cut and strip one end of the Ethernet cable. Connect wires
#4 and #5 to the positive output of the DC power supply. Con-
nect wires #7 and #8 to the negative output of the DC power
supply.

9.0 Waveforms

2. Plug Ethernet cable to J300 on the eval board.

3. Connect test point P102 on the eval board to the positive
terminal of the electronic load. Connect test point P103 on the
eval board to the negative terminal of the electronic load. Set
electronic load current to 5A.

4. Turn on the DC power supply. Slowly increase the input
voltage. The eval board will turn on at around 38V.

www.national.com
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DC/DC Converter Efficiency vs POE input voltage ( Not including the diode bridges )

Vin (V) lin (A) Pin (W) Vout (V) lout(A) Pout (W) Ploss (W)  Efficiency (%)
38 0.77 29.26 4.916 5 24.58 4.68 84.01
40 0.729 29.16 4.917 5 24.585 4.575 84.31
42 0.693 29.106 4.918 5 24.59 4.516 84.48
44 0.66 29.04 4.921 5 24.605 4.435 84.73
46 0.631 29.026 4.922 5 24.61 4.416 84.79
48 0.604 28.992 4.924 5 24.62 4.372 84.92
50 0.579 28.95 4.925 5 24.625 4.325 85.06
52 0.556 28.912 4.926 5 24.63 4.282 85.19
54 0.535 28.89 4.927 5 24.635 4.255 85.27
56 0.516 28.896 4.928 5 24.64 4.256 85.27
58 0.498 28.884 4.928 5 24.64 4.244 85.31
60 0.481 28.86 4.928 5 24.64 4.22 85.38

DC/DC Converter Efficiency vs POE Input Voltage
85.50
/«/'

85.00 /
- —
X
~ 84.50 -
>
o
c
2
£ 84001 4
w

83.50 -

83.00 . . . . . "

38 40 42 44 46 48 50 52 54 56 58 60
POE Input Voltage (V)

FIGURE 6. Efficiency at POE Input

waveform1
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DC/DC Converter Efficiency vs AUX port input voltage ( Including Oring diode )

Vvin (V) lin(A) Pin (W) Vout (V) lout(A) Pout (W) Ploss (W) Efficiency (%)
20 1.549 30.98 4.921 5 24.605 6.375 79.42
22 1.385 30.47 4.918 5 24.59 5.88 80.70
24 1.254 30.096 4918 5 24.59 5.506 81.71
26 1.148 29.848 4.921 5 24.605 5.243 82.43
28 1.058 29.624 4.922 5 24.61 5.014 83.07

DC/DC Converter Efficiency vs AUX Input Voltage

84.00
83.00 /
82.00 A /

S

<. 81.00 A

o

c

[}

E 80.00 -

pim 0/
79.00
78.00 A
77.00 T T

20 22 24 26 28

AUX Input Voltage (V)

FIGURE 7. Efficiency at AUX Input
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FIGURE 9. Load Transient Response

10.0 Layouts
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Notes

National Semiconductor's design tools attempt to recreate the performance of a substantially equivalent physical implementation of the
design. Reference designs are created using National's published specifications as well as the published specifications of other device
manufacturers. While National does update this information periodically, this information may not be current at the time the reference
design is built. National and/or its licensors do not warrant the accuracy or completeness of the specifications or any information contained
therein. National and/or its licensors do not warrant that any designs or recommended parts will meet the specifications you entered, will
be suitable for your application or fit for any particular purpose, or will operate as shown in the simulation in a physical implementation.
National and/or its licensors do not warrant that the designs are production worthy. You should completely validate and test your design
implementation to confirm the system functionality for your application.

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYS-
TEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICON-
DUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems which, 2. A critical component is any component of a life support device

(a) are intended for surgical implant into the body, or (b) support or system whose failure to perform can be reasonably expected
or sustain life, and whose failure to perform when properly used to cause the failure of the life support device or system, or to
in accordance with instructions for use provided in the labeling, affect its safety or effectiveness.

can be reasonably expected to result in a significant injury to

the user.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products Stewardship
Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-111S2) and contain no "Banned
Substances" as defined in CSP-9-111S2.

Leadfree products are RoHS compliant.

National Semiconductor National Semiconductor Europe National Semiconductor Asia National Semiconductor Japan
Americas Customer Customer Support Center Pacific Customer Support Center Customer Support Center
Support Center Fax: +49 (0) 180-530-85-86 Email: ap.support@nsc.com Fax: 81-3-5639-7507

Email: Email: europe.support@nsc.com Email: jpn.feedback@nsc.com
new.feedback@nsc.com Deutsch Tel: +49 (0) 69 9508 6208 Tel: 81-3-5639-7560

Tel: 1-800-272-9959 English Tel: +49 (0) 870 24 0 2171

Francais Tel: +33 (0) 1 41 91 8790

www.national.com




IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated
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