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What is PoE?

Power Over Ethernet : PSE (Power Sourcing Equipment) provide power to PD (Power Device) over Ethernet cable
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What is PoE?
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PoE power supplies are widely used.




PoE Power Ratings
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Up to 90W Power Supply



af. POE Power Ratings

®

15W

IEEE 802.3af (POE)

Standard 802.3 at 802.3 bt
Class l l Class 4 Class5 | Class6 | Class 7 | Class8
Type l l 2 3 3 4 4
PSE Output l l 30W 45W | eOW | 75W | 9ow
power
PSE Output 50V — 57V 50V/52V — 57V
Voltage
PD I t
npu l l 25 5W A0W | 51W | 62W | 71.3W
Power
PD Input 42 5V — 57V 41V — 57V
Voltage

IEEE802.3af is typel PoE, which supports class 1~3.




at. PoE Power Ratings

IEEE 802.3at (POE+)

Standard 802.3 af 802.3 bt
Class Class0O | Class1l | Class2 | Class 3 Class5 | Class6 | Class7 | Class8
Type 1 1 1 1 3 3 4 4
PSEOuUtpUt | 1o s | 4w 7W 15.4W A5W 60W 75W | 90w
power
PSE Output 44V — 57V 50V/52V — 57V
Voltage
PD Input
13W 3.84W | 6.49W 13W 40W 51W 62W | 71.3W
Power
PD Input 37V =57V 41V — 57V
Voltage

IEEE802.3at is type2 PoE, which supports class 4 and 802.3af.




bt. POE Power Ratings

(C5)

Standard 802.3 af 802.3 at
Class Class0 | Class1 | Class2 | Class 3 Class 4
Type 1 1 1 1 2

PSE Output | 1o/ | 4w 7W 15.4W 30W
power
PSE Output 44V — 57V 50V — 57V
Voltage
PD Input
13W 3.84W 6.49W 13w 25.5W
Power
PD Input 37V — 57V 42 5V — 57V
Voltage

90w

IEEE802.3bt include Typ3 and Type 4 PoE, which supports class 5~8 and 802.3at.

IEEE 802.3bt (POE++)




POE Protocol- Structure

> Power Structure
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A PoE system always includes this 4 portions.



POE Protocol- Connection

/ Switch/Hub
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Note:

af: total max cable impedance is 20Q) through 2-pair
at: total max cable impedance is 12.5Q through 2-pair
bt: total max cable impedance is 6.25Q through 4-pair




POE Protocol- Handshake

Voltage A l
57V |-————-

v ==

205v [T T T T T

- — — — —t —*

15.5v

o -

v -----L

o8y - —A4 — - __ Turn On

A -
>

ON Time

Reset | Detection | Classification | Intermediate Idle




POE Protocol- Detection

Voltage A

57V
41V

20.5v

15.5v

10v

™

2.8V - —

— — —/1— —t —t -

TvbD

Detection
2.7V-10.1V

PD

Turn On

Classification

f

| Intermediate Idle

Rdet=(V2-V1)/(12-11), if the resister is between 23.7K~26.3K, a available PD is connect.

ON

Time

\ 4



POE Protocol- Classification

—
A 4
e

in Classification  |VDD
14.5V-20.5V
Class
—0+4 LDO
Rcias: Mark Event
Voltage . . . - 6.9V-10.1V
N L e N7 o
AR e T T i — /| 7 o
| | '
205V [FT T Y PD Class 1, 2 Cycle 3,4,5 Cycle
| | Class | Cycles | Current(mA) | Current(mA)
15.5V ______|_ _______________ | _______________________ ___ — O 1 1~4 -
| | 1 1 9~12 -
SO l*srgn;;r;;a;gg“v; B tM;;FIan;; ““““““““““ L ]2 1 17~20 :
7v ——————|———v1 ——————————— o 3 1 26~30 B
28V -—tmmmmmaTm ————————————— 7 4 20r3 36~44 36~44
Reset | Detection | Classification 5 4 36"‘44 1"'4
6 4 36~44 9~12
7 5 36~44 17~20
8 5 36~44 26~30

In classification period, PD tells PSE how much power is needed through different classification signature.



POE Protocol- Power On

Voltage A . . : . . l
ala B~ o re
sy |- Inrush current _

f f
v == fommm e fomm e
l l e
r
|
|

205V [T~ Control logic n
and _L :

|
| 1 |
| T Gate Drive ‘ T Class 03 |
oo | _L Class 4 |
' Tl | |
Class 5-6
=t T |
Class 7-8 |
7v \ l |
Turn On
2.8V - — 4
' <120nF | | X
Reset | Detection | Classification | Intermediate Idle | ON Time

1. The PD input capacitor is <120nF, need a hot-swap MOSFET to isolate the big output capacitor.
2. After power on, the hot-swap MOSFET limits the current to charge output capacitor.



POE Protocol- Maintain Power Signature

When PD is removed, PSE need stop D
power supply

But PD need maintain the minimum current

to maintain the power signature.

=75ms

—Fl I‘
<250ms <250ms Class 1-4
LG from af/at PSE
T'ge
>
) :‘27ms ) :‘/7ms
<310ms Lo <310ms Class 1-4
10mA
from bt PSE
Time
= =
MPS : : Tms : Tms : =Tms
16mA 16mA 16mA
Class 5-8
<310ms <310ms from bt PSE

T'ge




POE Protocol- IEEE 802.3bt Auto Classification

P Long first class indicates this PSE
assircation . -
Voltage A / can support auto-class function. Auto-class allows PSE to determine the
205V |T T T T T T T T T T T fi il A FTfTTTT =TT Cassitbaonrenge 71T actual maximum power of the connected
| PD, so that allocate power to more PDs
ssv | | N L] N with limited power source.
Power Up
o [-—-—4-———————————- e e B e e -
Mark R
7v ______ar__aigi _______ Iy RO N —— I B — —_—— L PSE Auto Class Measure
Time

PD 4 Delay > 1400ms AN
Classification Stop, <3500ms

A .
Current | Time
36-44mA— Class Signature 4

26-30mA : : : : i : Class Signature 3

PD Sink Max Current

17-20mA Class Signature 2
9-12mA Class Signature 1 Delay < 1350ms PD Sink Max Power A
Stop, >3650ms

Time

1-4mA — Class Signature 0 o
Time = I
Power On

\ PD Change to class signature 0 to indicate
this PD can support auto-class function.

Auto Class Example with Class-8 PD. Auto Class Measure Time
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Pain Points of PoE Design
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MP8017 Advantages

The MP8017 is an ultra compact IEEE802.3 af PoE PD solution, it integrates PD interface and fly-back converter.

Traditional
Solution

v Fully-integrated converter in QFN(3x4mm) Package

v SW Feedback without Opto-Coupler/TL431

v' EP7 Transformer for 12W

v' Small Input/Output Capacitor

v' Good EMI without Common Choke

v' Active Clamp Topology Saves RCD Clamp Circuit




2, Design a Compact Solution

3. Transformer

5. CM Choke T 6. RCD Snubber .= Ddpur
From : v | ©
Ethernet I ==CBUK Snubber D couT Power
Transf Bridge =SSO L CIN ; o) Out
ransfor Nl . = | I ] e
mer \ J7‘
O?J?;?Jt RJ45 | \- . 4|13M0¥3vg <
) PD ik
interface DChC )
OPtO- | 143 |
Coupler
. . - J
N - 2. Complex Feedback
Comments:

Base on the above some many circuit block, how to design a compact solution?




2.1, Choose a fully-integrated solution

Hot-swap

O— ° . - p—o ° ®
L1 ‘ l CBUK Snubber % C
Power . CIN g
from - l | O> —_— COouTt

WA
° R - —
PSE
Power J7
O_ ﬁ_ MQOS 7
' PD =
interface DCDC
OPto- | |1 431
Coupler
T T

d MP8017

* 4in 1 fully-integrated solution
* In QFN (3mmX4mm) Package

Pain Points
1. Complex design, 2. Large layout area, 3. Lower Reliability. 4. Longer design period.

MP8017 Advantages:
The MP8017 is fully-integrated PD interface and fly-back converter.




2.2, Does the Converter offer PSR feedback?

Hot-swap Tl DOUT
. * 141 l . S p—o o0
L1 CBUK Snubber % é
Power ' JJJJ CIN I
fom  PAPRL T 1 | 7 - - cout
4| Power J7
O— — 1 MOS AV
' PD =
interface bebe
Opto- |11 431
Coupler
= =
Pain Points
1. Complex circuit with the Opto-coupler and TL431 network.
2. Hard to tune loop stability.
3. Need external soft-start circuit.
4,

Large layout area and higher cost. mPeu




2.2, Does the Converter offer PSR feedback?

Traditional SSR Feedback Traditional PSR Feedback MP8017 SW Feedback

vouT
VIN
O

VBUS
1

U%B €23

- VoA L § R35
R30 . ( 76.8k
L7 ) Poss ;W i 2 o
R31 | ! SW
§20K oy NC f

- ANA— 3 °
D18 ~ 470F Lk
} BAVY A1
o T
TL431 § R36 FB
== (20

R1 , %Rl - ' .
| % - iy }
K oo Q) \_ N y, |

’g".
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X
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ENEREL
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[ Complex TL431 / Opto—coupler} _ [ Aux-winding + FB divider resisters ] _ [ Only one resister ]

MP8017 Advantages:
v' Sampler BOM and simpler design.
v Lower transformer cost without aux-winding.

v" More primary-winding and secondary-winding to improve efficiency with same core.




2.3, How to reduce the Transformer Size

Hot-swap Tl DOUT
O— ° 1] l . S P . ° ®
L1 CBUK Snubber
Power  *'\JJJUJ CIN I
from L — | | ° — Cout
PSE = _T J7
4| Power
o ﬂ_ j:wos <
' PD i
interface bCDC
OPtO- || 11 431
Coupler
T =
Pain Points

How to reduce the transformer size to get lower solution size and cost?

M




2.3, How to reduce the Transformer Size

Fewer Winding

EP13 Transformer °
- Np Ns
.‘ o o

EP7 Transformer -> §
Np
(o)

Na

.
i o

High Frequency
250KHz = 650KHz

17.7x13.5x12.3mm 9.5x8.9x11mm

MP8017 12W n =
Ap X Byax X Fsy
MP8017 Advantages:
v" Fewer winding without aux-winding.
v" Fewer winding turns with up to 650KHz frequency.




2.4, How to reduce Input/Output Cap.

Hot-swap Tl DOUT
O ® 141 l ° ) CO » ® ® O
L1 CBUK Snubber
Power < JJUJJ CIN :I: | o%
from L — 1 = COouT
PSE = —T
4| Power
o ﬂ_ 1 MOS 4
' PD L
interface DCDC
OPtO- || 11 431
Coupler
T =
Pain Points

How to reduce the input/output capacitor?

M




2.4, How to reduce Input/Output Cap.

High Frequency
250KHz = 650KHz
VIN ripple

AV1N= IIN X

VOUT ripple

AVoyr= Iy X

Vin
Cin X (N X Voyr + Vin) X Fgyy

N X Vour Loyr
Vin + N X Voyr) X Fgyy Coyr

iA

Is in DCM Mode

Isin CCM Mode

AN

)

\ AN

MP8017 Advantages:
v High frequency requires fewer capacitors. t ea
v' CCM control get lower current spike. 10 Il—-hs




2.5, Hard to Pass EMI test?

Hot-swap T pouT
O * 141 l * (o o
L1 | CBUK Snubber
o e Lo T ]
rom L —— COUT
pop _ofYYYL_ L
4| Power
o ﬁ_ j:wos <
' PD L
interface DCDC
OPIO- | | 1 431
Coupler
T =
Pain Points

1. Hard to tune EMC performance.
2. CM choke increases cost and solution size.




2.5, Hard to Pass EMI test?

KEYSIGHT

TECHMOLOGIES

DS0-% 30347, My58032616, 07.20.2017102614: Tue Sep 28 11:51:20 2021
3 2000 4 2.000us/ 0.0s Stop £ 3 ey L

118w

No
Frequency Dither

v

i Bummary

Mormal
380MHz  5.00G3als

DC 20mHz  10.0:1
DC 20mHz  10.0:1
DC 20mHz - 10.0:1

20.3
.00 4.00u 0.0 4.000 .00
+ 40,5000 39,2600 BOS5.00mA 11:50 AM
DG 20MHz 1000 | DG 20MHz 10.0:1 | DG 20MHz 10.0:1 Sep 28, 2021

KEYSIGHT

TECHNOLOGIES

DS0-¥ 30347, MY58032616, 07.20.2017102614: Tus Sep 28 11:54:14 2021

3 200/

4 2.000us! 0.0s Trig'd E 348y O
v

113y

MP8017

Frequency Dither

i Summary i

Marrnal
350MHz  500GSals

DG 20kHz  A000:1
DC 20mHz  10.0:1
DC 20kHz - 1000:1

-
0.0
+ 40.5000v 38.2500v 605.00mA, 11:53 AM
DC 20mHz 10.0:7 | DC 20MHz 10.0:1 | DC 20MHz 10.0:1 Sep 28, 2021

MP8017 Advantages:

v’ MP8017 offers spread-spectrum frequency dithering, it typically reduce of 4-6 dB at the fundamental switching

frequency and 10-20 dB for higher-frequency harmonics

Level in dBpV

100
90
80
70

60

sol T *

40
30
20

10

CLASS B_Main Voltage QP

0+

150k

300 400

500 800 1M 24 3M 4M5M6 8 10M 20M  30M

Frequency in Hz

Level in dBpVvV

100
90
80
70
60
50 '
40
30
20

10

-,
i
Vi

CLASS B_Main Voltage QP

0

150k

300 400500

800 1M 24 3M 4M5M6 8 10M 20M  30M

Frequency in Hz




2.5, Hard to Pass EMI test?

Normal SW MP8017 SW

KEYSIGHT KEYSIGHT
TECHMOLOGIES DS0-X 30347, My528032616, 07.20.2017102614: Mon Sep 13 15:20:47 2021 TECHMOLOGIES DSO-X¥ 30347, My58032616, 07.20.2017102614: Mon Sep 13 15:07:47 2021
- 3 A0owy 4 1.004f 1.000usf  2.530us Stop T 3 344y T - 3 a0y 4 A00m&f  5000nsf  -920.0ns Stop T 3 iz LU
7.00A v . E00Y h .
Summary ::_ Summary ::_
Morrmal Marrnal
350MHz 2 50GSals 350MHz  2.50GSas
5 400 rl 100
¥
|#100 DC 20MHz 1001 T50.0 DC ZOMHz 1001
M DC 20mMHz 10.0:1 " O 20MHz 10.0:1
DC Z0MHz 10.0:1 D 20MHz 10.0:1
3__|;P|-3J oo 0.0
bl
z400 -50
1 Jono -100
lo. jh:’-150
—1l.428u S580n 2.58u 4.58u £.58us -2.928u -1.98u —9E0n 20.0n 1.08us
1 4.00000 0.y 3.00000A, 3:20 P + 4 000004 0.0 1.500004 307 P
D 20MHz 10.0:1 | DC 20mHz 10.0:1 | DC 20mHz 10.0:1 Sep 13, 2021 DOz 20hHz 10.0:1 | OC 20mMHz 10.0:1 | OC 20mMHz 10.0:1 Sep 13, 2021
MP8017 Advantages:

v' Advance Subber control topology get smooth SW waveform, which strongly improves EMI performance.




2.6, Advance Snubber Design.

Hot-swap Tl DO;:’
O 141 ° ?
L1 l CBUK Snubber % C
Power ' JJJJ CIN I | O)g
from .~ | —— COuUT
PSE = _T
4| Power
O— j:wos <
PD —
interface bCDhC
Opto- | | 1) 439
Coupler
T =
Pain Points

1. RCD clamp circuit increases layout area.
2. RCD clamp circuit consumes leakage inductance energy.

3. Hard to layout in small loop.

which decreases efficiency and increases temperature




2.6, Advance Snubber Design.

General Converter

! g

MP8017

General —
Converter —lt}

MP8017 Advantages:

v" Snubber only need a C instead of RCD.

v Leakage inductor energy can transfer to output, which improves efficiency.
v" Smaller loop for highly impact solution.

MP8017

4 %

@)

P 2.2




MP8017 Ultra Miniature Design

T1 Dout
O—e l ® ) ( 5 NL ® O
Power Ci Cauk T Csnus ) C
from —— O> C = Cour
PSE =
N
O— Rrs 7

= MP8017




MP8017 Ultra Miniature Design
| MP8017 Circuit__

MP8017 Circuit

MP8017 Evaluation Board

o + vDD & VBUS

D1 VOUT
sv-stv | 1., 1 | Y/
C3 C4 C1l * 12V/1A
i %: SNBR —-, J; P J—cz
DET :I:
BST]| = —
CLASS 1 c6
T
%R3 MP8017 sW :
R1
o : GND B : i/ 4 Monolithic Power Systems
< PR Mo Do e
COMP
= o i . 1. SCH
P S 7 ) . 2. PCB
T T 12V 12W | EVB is available.
R4 c8 ==c9 c7 3. BOM
J; J; l 5V 12W | EVB is available. 4. Transformer
5. Test Report
Comment:

MP8017 has 5V and 12V EVB, and can provide fully design files, please contact with MPS FAE for it. mP*s
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3.1, IEEE802.3at PD solution- MP8009

FEATURES

High Integration
» PD controller + PD FET + flyback controller

Flexible Design

» Support both flyback and active clamp forward
» Support both PSR flyback and SSR flyback

» Frequency dithering for EMI optimization

Compatible with 802.3at
» Ethernet Alliance Certified

Small Package
» QFN28-4mmx5mm

Application Circuit

VDD T1 D1 Vout
: : b o

C2

||
> | C
§ =
2
E MV
VDD
0
I
g
}_‘
o) £ (@)
w (o]
)_L/\/\OJ koAJ\)
YY)
q_
G——

Q1 =

_‘
N
o
o
>
=
m
1

D2|C3

1|
T

R4

VSS

> a COMP l =
= Z -
o o RG R1
VWA
R2
C %

o
< O
2 >
9]
w
n S
@ O

PSR-Flyback simplify the design w/o opto-coupler.



3.2, IEEE802.3bt PD solution- MP8030

FEATURES

High Integration

» All in One Design:

v PD controller + PD FET + forward controller
v’ Support class 1~8 all .BT power range

Flexible Design

» NMOS replacing diode for >70W adaptor ORing
» Support both flyback and active clamp forward
» Frequency dithering for EMI optimization

Compatible with 802.3bt
» Ethernet Alliance (EA Gen 2) Certified

Small Package
» QFN32-5mmx6mm

From Adapter Q3
[]
J_ L¥l nvos replace
IC? R7 traditional diode
= — R8
x 2 o
2 £k
From PSE
D X [l . aaan D
1 VDD 141 SRC T Mo L1
fpl c3 I—SENSE o AVIN| c1 ) ( VOUT
lie ==
= R = |»—3S Q5 c2
= ° C5
PG |_
—1°8r Ul EN Q4
— TYP2 | T
— Y"1 MP8030 Il
— buTy SYNC 0 fi - .
—— PRI C6 Q2 v
—— AUTOCLS D2 R10 ——AAA\—
R29
ﬁ_‘,’;\nﬂps GATE = "_} = U2A
=T o1 rs
R6 vee ——| a1
R15 w cs c4 =
& 3 $ So0o
L L o o 8 =88 §R22 0
R2
R5 —
R4 © 1
uzB =
mP‘ :




3.3, IEEE802.3at PSE solution- MP3924

» |EEE802.3af/at Compliant ? ? o
CZ_L D1 Port x4 output
» Quad Port PSE Controller VIN Sav VIN —1— oupt
> 0.25Q Current Sense Resistor Cl% _,_7VCC ot J °
C3
> Automatic Mode and 12C Command Control Mode = I EN]| MP3924 | ot
1 AUTO GATEnN ain MOSICZ:IIZZ stuprg;(;ré after DET/
» Auto Over Input Power Shutdown ol DET/Class contol {1 Q14 | SENSER
» Internal VCC Power Supply PMAX % R1
SGNDx
> 3-wire 12C Interface for Isolated Application S o i [scL 1
Lo DET/Class current sense .* S =
» Two INT Pins for Interrupt Priority Selection L Al | %ﬁlo
A0 | oL/
> DC Load Disconnect Detection cLss, s
>

Thermal Protection

DGND PGND




3.4, Strong Design Support

Gold Design for PoE PD

» MPS support all power level Golden Design, » Golden Design List

can provide:
Power Rating Topology Transformer Efficiency

MP8017 5V Flyback EP7 85.2%

. 13W
1. Schematic MP8017 12V Flyback EP7 86.6%
0,
2' PCB |ayOUt B MP8009 5V Flyback EFD20 91.0%
MP8009 12v Flyback EP13 91.4%
3. BOM MP8030 5V Forward EP13 91.9%

51W
4. Transformer Selection Guide MP8030 12v Forward EP13 92.0%
MP8030 5V Forward EFD20 92.2%

5. Test Report 71w
MP8030 12v Flyback EFD25 93.2%

M




3.4, Strong Design Support

More Martials for POE System

MRER »-

MP8020 MP6005 . MP9928

802.3bt RE/IEBISHIE, . 60V 802.3bt
PIERINAL+ ShED FET RARR/EiLR% L RERSIE 2 PD+RM/EREH

‘ 8, MORM/BORA E
IEEE802.3bt : z !

71.3W 1
MP3910 MP9572
RifEHIE, BORIR | 60V/2A 802.3at
AP RERSRE MY PO+RM/EMIZH
MP8003A : B, FORM/BARR
IEEE802.3at \EEE 802.3at | " | IEEE 802.3af/at
25.5W AEBMAY FET 4 [0 PSE #2188
MP6002 ¢ MP4562 MP8008
PWM #2428 60V/2A 802.3at PD
| kRS RESSRSE 2% PD+RMITHIER,
! BiORIR

#®
| | 23— 802.3af £ g ‘
POLRMIERE, B |

RI/BIBRMR #
leeego2.3af | 70l e v e st
13w REBINAL FET | 2NAPD+RB/BERRE |
MP8004
S —
b
. _—
Please contact MPS or Scan the QR code to free apply these materials. }
J



Thank You!

www.monolithicpower.com
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