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POE Application

PSE Switch

    

NVR
Router

 Low cost

 Easy to install and expand

Power Over Ethernet : PSE (Power Sourcing Equipment) provide power to PD (Power Device) over LAN cabling

Power & Data
Data  Remote management

 Good compatibility

PSE

PD



POE Connection

  

              

信号对：橘 & 绿 -> 1,2 & 3,6

备用对：蓝 & 棕 -> 4,5 & 7,8



POE Connection

Mid-Span End-Span

<30W

>30W



POE Power Classification

PSE Switch

IP Camera

IP Phone

IP Camera

Indoor AP

Outdoor AP

Video Phone Automatic power distribution 
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POE Power Classification

PSE Switch

IP Camera

IP Phone

IP Camera

Indoor AP

Outdoor AP

Video Phone Automatic power distribution 

20W

35W
8W

5W
3W

7W

Class 1

Class 2

Class 3

Class 3

Class 5

Class 4

Four Type Eight Class



POE Protocol – IEEE 802.3af/at



POE Protocol – IEEE 802.3af/at

Rdet = (V2-V1)/(I2-I1)∈ (23.7k, 26.3k)

Detection
2.7V-10.1V

VDD24.9kΩ Rup

DET

VSS PD

Judge PD by Rdet and Low detection voltage can protect the wrongly connected IP equipment



POE Protocol – IEEE 802.3af/at

Classification
14.5V-20.5V

VDD

Rclass

Class

VSS

Mark Event
6.9V-10.1V

PD

Inrush
Current limit

Iin

Class Type1->Type2->Type3->Type4 in turn by monitoring PD input 

Type 1：class1~3 Type 2：class4



POE Protocol – IEEE 802.3af/at

Inrush current

VDD

VSS

PD
Control logic

and
Gate Drive

RTN

CRTN

<180nF

PD Bypass MOS limits the inrush current during power on



POE Protocol – IEEE 802.3 bt

IEEE 802.3 af

2003 2005

IEEE 802.3 at

2017

IEEE 802.3 bt

• Higher Power， PD 71W
• More function



POE Protocol – IEEE 802.3 bt

802.3af/at

802.3bt
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37V
42.5V

57V

10.1V

V1

V2Signature Range Mark Range

ClassificationRange

6.9-10.1V

2.7-10.1V

14.5-
20.5V

37-57V (af)

42.5-57V (at)IEEE802.3 af Start-
up

IEEE802.3 at Start-
up

Class Event 1
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On Range
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Turn On

Voltage

Time

Mark Event
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6.9V

41V

57V
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Class 5-6
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Turn On

Voltage

Time

Class 7-8

First Long Time Class in BT

Class 4

Autoclass

0
10
20
30
40
50
60
70
80

PD

Classification

class1 class2 class3 class4

class5 class6 class7 class8

Large Step



POE Protocol – Autoclass Function

2.7V

6.9V

41V

57V

10.1V

V1

V2Signature Range Mark Range

ClassificationRange

6.9-10.1V

2.7-10.1V

14.5-20.5V

41V-57V 

Class 0-3

Class 5-6

On Range

Reset Detection Classification Intermediate Idle ON

Turn On

Voltage

Time

Class 7-8

First Long Time Class in BT

Class 4

PD change the class level to class 0

Auto class requirements:

PSE monitor output current

1.4ms

1.6ms

3.65ms

3.1ms

Inrush and soft start



POE Protocol – IEEE 802.3 bt

802.3af/at

802.3bt
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More classification times for Type2 POE in IEEE 802.3bt standard 

1 2

1 2 2+0 2+1 2+2



POE Protocol-Maintain Power Signature

PD Type Assigned
Class

PSE 
Type

Minimum current 
Iport_MPS

Minimum on time
TMPS_PD

Maximum off time
TMPDO_PD

1,2 all all 10mA 75ms 250ms

3,4
1 to 4 1,2 10mA 75ms 250ms
1 to 4 3,4 10mA 7ms 310ms
5 to 8 3,4 16mA 7ms 310ms



POE Protocol-Maintain Power Signature

Low power mode in standby mode

Output current smaller 
than Maintain Power 

Signature.
Cut off power supply!

How to avoid this mistake?







POE Protocol-Maintain Power Signature

Dummy load Dummy load + MOS Maintain Power Signature

PD DCDC System
VDD

VSS

PD DCDC System
VDD

VSS

VDD

VSS

DCDC SystemPD
MPS

16mA

t
16mA

t

i

16mA

t

iSystem Power

Dummy Load

System Power

Dummy Load

System Power

Maintain 
Power

 Sample  Low efficiency  High efficiency  Complicated  Sample  High efficiency
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DCDC Topology Choose – Non-isolated

VDD

VSS

Control logic
and

Gate Drive

Vout

GND

RTN

VoGND

Load

Non-isolated Converter

VDD

VSS

Control logic
and

Gate Drive
GND

RTN

Vout

VoGND

Load

Isolated Converter

Power Loop Ⅰ
Power Loop Ⅰ

Power Loop Ⅱ

 Sample BOM

 Easy design

 Low cost and small size

 High security

 Wide output range

 Support common GND



DCDC Topology Choose – Non-isolated

Control logic and 
current sense PD1

Port 1

Control logic and 
current sense PD2

Port 2

Control logic and 
current sense

Port 4

0V

-48V

0V

-48V

0V

-48V
PD2

DC/DC

DC/DC

DC/DC

Non-isolated PD will work abnormally after connecting to PSE

Low side



DCDC Topology Choice - Isolated

VDD

VSS

Control logic
and

Gate Drive

RTN

Vout

VoGND

LoadMP80XX

FB

 

COMP

 Sample BOM

VDD

VSS

Control logic
and

Gate Drive
GND

RTN

Vout

VoGND

Load

 

COMP

Flyback Forward

 Good Regulation

 Good Transient

 High Efficiency × High Voltage Stress

SSR FeedbackPSR Feedback

 Smaller Vout Ripple × High Cost
 Low Cost

 Debug Easily



DCDC Topology Choice

Flyback

Buck

Forward

12W 25W 50W 70W

Industry, High security

Consumer, plastic shell



Pain Points of design – PD Converter

EMC

Efficiency

Size

mEZS84802



Key Points of design - Size

Peak current -> BAC BOM Sample

CCMHigh Frequency

200kHz -> 300kHz -> 500kHz

PSR Mode

FB

 

COMP

Replace
𝐴𝐴𝐴𝐴 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

=
1 + 𝜂𝜂 𝐴𝐴𝑃𝑃

4𝜂𝜂𝐾𝐾𝑊𝑊𝑘𝑘𝑓𝑓𝐽𝐽𝐵𝐵𝐴𝐴𝐴𝐴𝑓𝑓
× 104(𝐴𝐴𝑐𝑐4)

i

t

Is in DCM mode

Is in CCM mode



VDD

VSS

Control logic
and

Gate Drive

RTN

Vout

VoGND

Load

FB

48VDC

Key Points of design - Efficiency

 Switch Loss

• Frequency decrease with Load 

• Low Rdson

 Conduction Loss

• Low current peak
• Low Cds

 Transform Loss

• Good coupling

• Small loop

 Diode Loss

• Low VF , Short recovert time

• Strong driver

• Synchronous Rectification

• Input Rec·

• Low current density

• Low VF , Schottky

• Synchronous Rec



Key Points of design - EMC

Noise Source

RE

CE

Sensitive 
EquipmentCoupling Loop



Key Points of design – EMC: Noise Source
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Key Points of design – EMC: Noise Source
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• Slower Drive speed

• Add Snabber



Key Points of design – EMC: Noise Source
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Key Points of design – EMC: Coupling Loop
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Key Points of design – EMC: Coupling Loop

2.2uF
C1B

22uF
C2A

0.1
R3A

NC

D4

10

R10

NC
R7

PGND PGND

100nF
C5

Q1
SI7450

PGND

6.8K

R6

PGND

PGND

10k
R4

10nF
C4

PGND

280k
R11

20k

R12

1uF

C3A

PGND

C1A
47uF C2C

220uF

SBR8U60P5

D1

1nF

C7

20

R8

PGND

100k
R1

20k
R2

1N4148
D3

PGND

100
R9

VCC

VCC

SGND SGND SGND SGND

VOUT

12V@2.5A

VOGND

SGND

PGND

VIN

36-57V

VINGND

EN
Na

Np

Ns

T1

7491194912

2.2uF
C1C

22uF
C2B

0.1
R3B

PGND1

VCC1

M
O

D
E

5

GATE 10

FB 7

SYNC 9EN3

SENSE 2

V
IN

4

G
N

D
8

COMP6

U1
MP6005/MSOP10

1000p/2000V

C8B

1000p/2000V

C8A

1000p/2000V

C8C

SGNDPGND

L2

0.47uH10uH

L1A

VIN
2.2uF
C1D

NC
C9

PGND

20K
R5A

20K
R5B

PGND

0.1uF
C2D

SGND

BAV21

D2

20
R13B

100pF
C10B

PGND

PGND

1uF

C3B

0.1uF
C1E

0.1uF
C1F

744272471

L1B

0.1uF

C1G

0.1uF
C2E

220pF
C6

6. More X Capacitor 7. More Y Capacitor

8. Add DM Inductor 9. Add CM Inductor



Key Points of design – EMC: Coupling Loop

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐶𝐶𝐶𝐶
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Key Points of design – EMC: Frequency Dither
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10. Frequency Dither



Key Points of design – EMC: Frequency Dither

dB

HzFs 2Fs 3Fs nFs0

Spread Spectrum technology

Good for EMIdB

HzFs±Δf 2(Fs±Δf) n(Fs±Δf)0 3(Fs±Δf)



Adaptor O-Ring

Adaptor O-Ring is very popular in some household products

Adapter O-Ring



Control logic
and

Gate Drive

2.3V

VDD

VSS

AUX

RTN

To DCDC

Adaptor
DADP1 DADP2DADP3

RADPUP

RADPDOWN

Adaptor O-Ring

MODE Ⅰ： MODE Ⅱ：

MP80xx

Adaptor

VDD

VSS

Vout

GND

MP80xx

VDD

VSS

Adaptor

In terms of power supply, the adapter has priority Priority is determined by diode and output voltage
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MPS POE Roadmap – PD Solutions

High Efficiency, Low Temperature

Small Solution Size, Simple BOM

Low Cost

Easy Design

Cover IEEE802.3af/at/bt requirements



802.3af PD Solution——MP8007H

 Compatible with 802.3af Specification

 100V 0.48Ω PD Integrated Pass Switch 

 Support PSR and SSR Flybuck and Buck

 300KHz Maximum Switching Frequency

 Adaptor O-Ring Power Option

 QFN-28 4mmX5mm

FEATURES Application Circuit



802.3at PD Solution——MP8009

 Compatible with 802.3af/at Specifications 

 2A GATE and 0.8A SYNC Drivers

 Support PSR and SSR Flyback and Forward

 Light Load 30kHz Frequency Limit

 Frequency Dithering

 100V 0.48Ω PD Integrated Pass Switch 

 Auxiliary Adaptor O-Ring Power Supply 

 QFN-28 4mmX5mm

FEATURES Application Circuit
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802.3at PD Solution——MP8009
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802.3at PD Solution——MP8009 Module
FEATURES
 Compatible with 802.3af/at Specifications

 VIN Range: 42V to 53V

 Up to 25W Output Power with 12V Output

 SIP Package 56mm(L)x22mm(H)

 High Efficiency: 5% higher than competitor
o 91% @ 24W, 89% @ 12W

 Minimum external components needed

 1500V Isolation

 Hiccup Protection for OLP, SCP, OVP and thermal 

shut down

 Meet EN55022 Class B EMI standard

 Featured by MP8009
o Fully-Integrated 802.3at/at Compliant PoE PD 

Interface with Flyback/Forward Controller
 Pin Compatible with PD-1002

MP8009

FB

GATE

VB2

VB1

VA2

VA1

4

3

2

1

1

2

Inside the module

Samples available now



802.3bt PD Solution——MP80xx

MP80XX
MPS

High 
Efficiency

Better
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