DESCRIPTION

The MP8007H is an integrated, IEEE 802.3af-
compatible, PoE-powered device with a PD
interface and power converter. It is targeted for
isolated or non-isolated 13W PoE applications.

The PD interface has all the functions of IEEE
802.3af, including detection, classification,
120mA inrush current, 840mA operation current
limit, and a 100V hot-swap MOSFET.

The DC/DC converter uses fixed peak current
and variable frequency discontinuous
conduction mode (DCM) to regulate a constant
output voltage. The primary-side regulation
without optocoupler feedback in flyback mode
simplifies the design. Buck mode minimizes the
solution size for non-isolated applications. A
180V integrated power MOSFET optimizes the
device for various wide-voltage applications.

The device’s protection features include over-
current protection, over-voltage protection,
open-circuit protection and thermal shutdown.

The MP8007H can support a front-end solution
for POE-PD applications with minimal external
components. It is available in a QFN-28
(4mmx5mm) package.

MP8007H

Fully Integrated, 802.3af-Compatible PoE
PD Interface with 13W Primary-Side
Regulated Flyback or Buck Converter

FEATURES

Compatible with 802.3af Specifications

Supports 13W PoE Power Applications

300KHz Maximum Switching Frequency

100V 0.48Q PD Integrated Pass Switch

120mA PD Inrush Current

840mA PD Operation Current Limit

Auxiliary Adapter ORing Power Supply

Integrated 180V Switching Power MOSFET

Supports Primary-Side Regulated Flyback

without Optocoupler Feedback

Supports Low-Side Switch Buck Converter

e Up to 3A Programmable Switching Current
Limit

e OLP, OVP, Open-Circuit, and Thermal
Protection

e Minimal External Components

e Available in a QFN-28 (4mmx5mm)

Package

APPLICATIONS

IEEE 802.3af-Compliant Devices
Security Cameras

VolP Phones

WLAN Access Points

loT Devices

All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive. For
MPS green status, visit the MPS website under Quality Assurance. “MPS”, the
MPS logo, and “Simple, Easy Solutions” are registered trademarks of Monolithic
Power Systems, Inc. or its subsidiaries.

TYPICAL APPLICATION

Efficiency vs. Load Current
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mP5 MP8007H — IEEE 802.3AF PD WITH 13W FLYBACK/BUCK CONVERTER

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
MP8007HGV QFN-28 (4Ammx5mm) See Below 2

* For Tape & Reel, add suffix —Z (e.g. MP8007HGV-2).

TOP MARKING

MPSYWW
MBOO7H
LLLLLL

MPS: MPS prefix

Y: Year code

WW: Week code
M8007H: Part number
LLLLLL: Lot number

PACKAGE REFERENCE

TOP VIEW

N/C T2P CLASS FTY VSS VSS

28 27 26 25 24 23
AUX 1 22 N/C
DET 2 21 RTN
N/C 3 20 RTN
VDD 4 19 N/C
FB2 5 18 PG
MODE 6 17 GND
FB1 7 16 GND
ILIM 8 15 N/C

9 10 11 12 13 14

AGND VCC N/IC SW SW N/C

QFN-28 (4mmx5mm)
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meS

PIN FUNCTIONS

MP8007H — IEEE 802.3AF PD WITH 13W FLYBACK/BUCK CONVERTER

Pin # Name |Description
Auxiliary power input detector. Use this pin for adapter power supply application.
1 AUX Drive VDD-AUX above 2.3V to disable the hot-swap MOSFET and CLASS pin
function, and force T2P and PG to be active.
2 DET Connect a 24.9kQ resistor between VDD and DET for PoE detection.
3,11, 14, Not connected internally. Can be connected to the GND pin and exposed thermal
15, 19, 22, N/C .
pad in the layout.
28
4 VDD Positive power supply terminal from PoE input power rail.
5 FB2 Feedback pin for non-isolated buck solution. Connect FB2 to VDD in flyback
application mode.
Buck mode or flyback mode select pin. MODE is pulled up internally to VCC through
6 MODE |a 1.5pA current source. Float MODE for buck application mode. Connect MODE to
GND for flyback application mode.
7 FB1 Feedback for flyback solution. Connect FB1 to GND in buck application mode.
DC/DC converter switching current limit program pin. Connect ILIM to GND
8 ILIM . S
through a resistor to program the peak current limit.
9 AGND Analog power return for DC/DC converter control circuit. Connect to GND through
a single point.
10 VCC Supply bias voltage pin. Powered through internal LDO from VIN. It is recommended
to connect a capacitor (no less than 1uF) between VCC and GND.
12,13 SW Drain of converter-switching MOSFET.
16. 17 GND Switching converter power return. Connect to RTN for PoE power supply. Exposed
' thermal pad can be connected to GND plane for heat sink.
PD supply power good indicator. This signal enables the DC/DC converter internally.
18 PG It is pulled up by an internal current source in output high conditions, and it is
recommended to float it in application mode.
20,21 RTN Drain of PD hot-swap MOSFET. Connect the RTN pin to GND and AGND.
23,24 VSS Negative power supply terminal from PoE input power rail.
25 FTY Factory use only. Connect FTY to VSS in application mode.
26 CLASS |[Connect resistor from CLASS to VSS to program the classification current.
27 Top Type 2 PSE indicator. Open-drain output. Pull low to VSS to indicate the presence of
a Type-2 PSE or when AUX is enabled.

MP8007H Rev. 1.0
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meS

MP8007H — IEEE 802.3AF PD WITH 13W FLYBACK/BUCK CONVERTER

ABSOLUTE MAXIMUM RATINGS @

Pins Voltage Respects to VSS: @
VDD, RTN, DET, T2P, AUX, GND, AGND........
................................................. -0.3V to +100V

CLASS, FTY i -0.3V to +6.5V
Pins Voltage Respects to GND: @

VDD ..o -0.3V to +100V
SW o -0.7V to +180V
FBL..oioiiiiiii i -0.7V to +6.5V ©
VCC®, MODE, ILIM, PG............. -0.3V to +6.5V
Pins Voltage Respects to VDD:

AUX, FB2....ccoiiiiiiieeee -6.5V to +0.3V ©®
Pins Current:
L2 10mA
VCC sinking current.............ccceevervenne. 1.5mA®
AUX sinking current...........cccoceveeeveeeneenn -5mA®
FB1 sinking CUIeNt.........cccvveeiveeeninnnns *1mA®
Continuous power dissipation (T = 25°) © ©)
QFN-28 (AMMX5MM) v, 3.37W
Junction temperature .........ccccccvvvveeeniennnnn. 150°C
Lead temperature ............ccceevvvvvevennnnnnnns 260°C
Storage temperature................ -65°C to +150°C
Recommended Operating Conditions
Supply voltage (Vop) «.cceevvvvvveeiiiinnnnnn. 0V to 57V
Switching voltage (Vsw) ............. -0.5V to +150V
Maximum T2P current............cccceeeeeeeeenreenns 5mA
Maximum VCC sinking current............. 1.2mA @
Maximum AUX sinking current............... -3mA ®
Maximum FB1 sinking current........... +0.5 mA ®
Maximum switching frequency............... 300 kHz
Maximum switching current limit .................... 3A

Operating junction temp (T3)....-40°C to +125°C

Thermal Resistance 6;a Oic
EV8007H-V-00A (4mmx5mm) ®...37 ....2..°C/W
QFN-28 (4mmx5mm) ©................ 40.....9..°C/W
Notes:

1) Exceeding these ratings may damage the device.

2) GND and AGND must be connected to RTN.

3) See the Converter Output Voltage Setting section on page
24.

4) VCC voltage can be pulled above this rating, but the external
pull-up current should be limited. See the VCC sinking current
rating above and VCC Power Supply Setting section on page
24,

5) When the VDD-to-adapter ground voltage is high, the AUX-
VDD voltage may exceed -6.5V if the divider resistor is not
appropriate. In this condition, the current should be limited by
external resistor, see the Wall Power Adapter Detection
Circuit section on page 23 for more detail.

6) The maximum allowable power dissipation is a function of the
maximum junction temperature T; (MAX), the junction-to-
ambient thermal resistance 6,4, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T,
(MAX) - Ta) / 8;a. Exceeding the maximum allowable power
dissipation produces an excessive die temperature, causing
the regulator to go into thermal shutdown. Internal thermal
shutdown circuitry protects the device from permanent
damage.

7) The device is not guaranteed to function outside of its
operating conditions.

8) Measured on EV8007H-V-00A, 2-layer PCB.

9) The value of 8,4 given in this table is only valid for comparison
with other packages and cannot be used for design purposes.
These values were calculated in accordance with JESD51-7,
and simulated on a specified JEDEC board. They do not
represent the performance obtained in an actual application.

MP8007H Rev. 1.0
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mP5 MP8007H — IEEE 802.3AF PD WITH 13W FLYBACK/BUCK CONVERTER

ELECTRICAL CHARACTERISTICS — PD INTERFACE
VDD, CLASS, DET, T2P and RTN voltages are referred to VSS, and all other pin voltages are
referred to GND. GND and RTN are shorted together. Vpp - Vss = 48V, Vss = 0V, Rper = 24.9kQ,

Reiass = 41.2Q. T; = -40°C to +125°C @9, typical values are tested at T; = 25°C, unless otherwise
noted.

Parameter ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Detection
Detection on Voet-on | Vop rising 1.9 \Y,
Detection off Vpet-orr | Voo rising 11 vV
DET leakage current Voet-Lk | Voer = Vop = 57V, measure Ipet 0.1 5 MA
e ieet 5T P 2|
. Vop = 2.5V, measure lsuppLy 96 99 102 A
Detection current IpeT
Vop = 10.1V, measure IsuppLy 395 410 425 MA
Classification
Classification stability time 90 MS
Veiass output voltage VeLass iﬁ:ﬁ:{j&; 314\;m A 11 | 116 | 121 v
13 < Vwop < 21V, guaranteed by Vciass
Rciass =578Q, 13V < Vpp < 21V 1.8 2 2.4
L Rcrass = 110Q), 13V < Vpp < 21V 9.9 10.55 11.3
Classification current lcLass
RcLass = 62Q), 13V < Vpp < 21V 17.7 18.7 19.8 mA
Rciass = 41.20, 13V < Vpp £ 21V | 26.6 28.15 29.7
Rciass = 28.7Q), 13V < Vpp £ 21V | 38.2 40.4 42.6
tCr:]I(aesS:srlng:dat|on lower VeLon ﬁ;ans; regulator turns on, Voo 118 125 13 v
th:}I;aesSsAf;(l::tlon upper VeLorr %?rfs regulator turns off, Voo 21 22 23 Vv
o ) Low side hysteresis 0.8
Classification hysteresis VcL-Hys - - - \
High side hysteresis 0.5
Mark event reset threshold VMARK-L 4.5 5 55 \
Max mark event voltage VMARK-H 11 115 12 \
Mark event current IMARK 0.5 1.5 2 mA
event resistance RMARK Ig)v\(/) -point measure at 7V and 12 kQ
I supply current during Inciass | Voo = 17.5V, CLASS floating 220 | 300 | pa
Class leakage current ILeakace | Vciass =0V, Vop = 57V 1 MA
PD UVLO
VDD turn-on threshold Vop-vss-r | Vop rising 35 37.5 40 \%
VDD turn-off threshold Vop-vss-F | Voo falling 29 31 33 \Y,
VDD UVLO hysteresis VD:):;SS' 4.9
:)Cp;uap:ipolz current during In 450 uA
MP8007H Rev. 1.0 www.MonolithicPower.com 5
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meS

ELECTRICAL CHARACTERISTICS — PD INTERFACE (continued)
VDD, CLASS, DET, T2P and RTN voltages are referred to VSS, and all other pin voltages are

MP8007H — IEEE 802.3AF PD WITH 13W FLYBACK/BUCK CONVERTER

referred to GND. GND and RTN are shorted together. Vpp - Vss =48V, Vss = 0V, Rper = 24.9kQ,
Reiass = 41.2Q. Ty = -40°C to +125°C @9, typical values are tested at T; = 25°C, unless otherwise

noted.

Parameter ‘ Symbol ‘Condition Min Typ ‘ Max ‘ Units

Pass Device and Current Limit

On resistance Ron-rTN | IRTN = 600mMA 0.48 Q

Leakage current IRTNALK Vop = VRN = 57V 1 15 MA

Current limit lumt  |VrRTN =1V 720 840 920 mA

Inrush current limit InRush | VRTN = 2V 120 mA

Inrush current termination Vrrn falling 1.2 \%

:jnerll:;h to operation mode torLay 80 100 ms

Current fold-back threshold VRTN Fising 10 \%

Fold-back deglitch time VRN rising to inrush current fold- 1 ms
back

T2P

T2P output low voltage It2p = 2mA, respect to VSS 0.1 0.3 \%

T2P output high leakage Viap = 48V 1 uA

current

AUX

{-l\lL)JX high-voltage threshold Respect to VDD 23 Vv

éll)JX low-voltage threshold Respect to VDD 06 Vv

AUX leakage current Vop - Vaux = 6V 2 MA

PG

PG output high voltage PG pin floating 55 \

. PG is logic high, pull down PG

Source current capability pin to OV 30 MA

PG pull-down resistance PG is logic low, pull up PG pin 460 kQ
to 1V

PG high-level voltage to

enable DC/DC converter Vee-enH 3.9 v

PG low-level voltage to

disable DC/DC converter Veeent 1.3 v

PD Thermal Shutdown

Thermal shut down °

temperature (12 Teo-so 150 c

Thermal shutdown °

hysteresis (2 Teo-tvs 20 c

MP8007H Rev. 1.0
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mP5 MP8007H — IEEE 802.3AF PD WITH 13W FLYBACK/BUCK CONVERTER

ELECTRICAL CHARACTERISTICS — DC/DC CONVERTER

VDD, CLASS, DET, T2P and RTN voltages are referred to VSS, and all other pin voltages are
referred to GND. GND and RTN are shorted together. Vpp - Vss = 48V, Vss = 0V, Rper = 24.9kQ,
Rciass = 41.2Q. T; = -40°C to +125°C (9, typical values are tested at T; = 25°C, unless otherwise
noted.

Parameter Symbol ‘Condition Min ‘ Typ ‘ Max ‘ Units
Converter Power Supply and UVLO
Converter VDD UVLO rising

threshold Vop-rTN-R | PG-RTN =5V, Test VDD-RTN 10.5 11.6 12.8 \%
Converter VDD UVLO falling _
threshold Vop-rTn-F |PG-RTN =5V, Test VDD-RTN 7.4 8.2 9
VCC regulation @3 Vce Load = OmA to 10mA 4.8 5.4 5.9
VCC UVLO rising threshold VDD is greater than UVLO,
(13) Veer VCC rising 4.3 4.7 5.1
VCC UVLO falling threshold VDD is greater than UVLO,
(13) Vce-F VCC falling 4 4.5 4.8 \%
. Vg1 = 2.2V, Vrs2 = VDD,
Quiescent current lo test supply from VDD to VSS 0.87 mA
Voltage Feedback
Respect to GND, T; = 25°C 1.94 1.99 2.04
FB1 reference voltage VRrer1 | Respect to GND,
T) = -40°C to +125°C 193 ) 199 205
FB1 leakage current IFB1 Respect to GND, Vrs1 = 2V 10 50 nA
Flyback mode DCM detect
threshold on FB1 Voemz | Respect to GND 25 50 75 mV
FB1 open-circuit threshold VFB1OPEN -90 -60 -20 mV
FB1 OVP threshold VFB10vP 120% 125% 130% | VRreri
Minimum diode conduction
time for FB1 sample tsampLE 0.95 1.4 1.85 [V
Respect to VDD, T, = 25°C -1.955 -1.88 -1.805 \%
FB2 reference voltage VRrer2 | Respect to VDD,
T) = -40°C to +125°C 1% ) a8 18V
FB2 leakage current IFB2 Respect to VDD, Vrs2 = -2V 10 50 nA
Buck mode DCM detection
threshold on SW Vocmz | Respect to VDD 0 0.14 \%
Switching Power Device
On resistance Ron-sw |Vcec = 5.4V 0.8 ‘ ‘ Q
Current Sense
Switching current limit lumir Rium = 53.6kQ, L = 47uH 1.85 2.05 2.25 A
Switching current leading-
edge blanking time les 450 ns
MP8007H Rev. 1.0 www.MonolithicPower.com 7
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mps MP8007H — IEEE 802.3AF PD WITH 13W FLYBACK/BUCK CONVERTER

ELECTRICAL CHARACTERISTICS — DC/DC CONVERTER (continued)

VDD, CLASS, DET, T2P and RTN voltages are referred to VSS, and all other pin voltages are
referred to GND. GND and RTN are shorted together. Vpp—Vss = 48V, Vss = 0V, Rper = 24.9kQ,
Reciass = 41.2Q. T; = -40°C to +125°C @9, typical values are tested at T; = 25°C, unless otherwise

noted.

Parameter ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
DC/DC Converter Thermal Shutdown
Thermal shutdown Teo 150 oC

temperature (2

Thermal shutdown
hysteresis (12)

20 °C

THys

Notes:
10) Not tested in production. Guaranteed by over-temperature correlation.
11) If VDD - AUX > 2.3V, the IC enables adapter input. If VDD - AUX < 0.6V, the IC enables PSE input.

12) Guaranteed by characterization. Not tested in production.
13) The maximum VCC UVLO rising threshold is higher than the minimum VCC regulation in the EC table due to production distribution.
However, for one unit, VCC regulation is higher than the VCC UVLO rising threshold. The VCC UVLO rising threshold is about 87% of the

VCC regulation voltage, and the VCC UVLO falling threshold is about 83% of the VCC regulation voltage in one unit.

MP8007H Rev. 1.0 www.MonolithicPower.com
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mps MP8007H — IEEE 802.3AF PD WITH 13W FLYBACK/BUCK CONVERTER

TYPICAL CHARACTERISTICS
Vin =48V, Vout = 12V, Pour = 11W, Ta = 25°C, unless otherwise noted.

PD Input UVLO vs. Junction PD Inrush Current Limit vs. Junction
Temperature Temperature
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MP8007H — IEEE 802.3AF PD WITH 13W FLYBACK/BUCK CONVERTER

TYPICAL CHARACTERISTICS (continued)
Vin =48V, Vout = 12V, Pour = 11W, Ta = 25°C, unless otherwise noted.

AUX-VDD Threshold vs. Junction

Inrush Current Termination

Threshold vs. Junction Temperature Temperature
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mP5 MP8007H — IEEE 802.3AF PD WITH 13W FLYBACK/BUCK CONVERTER

TYPICAL CHARACTERISTICS (continued)
Vin =48V, Vout = 12V, Pour = 11W, Ta = 25°C, unless otherwise noted.

Switching Current Limit vs. Junction FB1 Reference Voltage vs. Junction
Temperature Temperature
Rium = 53.6kQ, L = 47uH
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mP5 MP8007H — IEEE 802.3AF PD WITH 13W FLYBACK/BUCK CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS
Vin =48V, Vout = 12V, Pour = 11W, Ta = 25°C, unless otherwise noted.

Efficiency vs. Load Current Load Regulation
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mP5 MP8007H — IEEE 802.3AF PD WITH 13W FLYBACK/BUCK CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =48V, Vout = 12V, Pour = 11W, Ta = 25°C, unless otherwise noted.

Steady State Steady State
lout = 15mA lout = 100mA
................ — —
:
CHL: IMWW CHL:
Vour/AC L L Vour/AC
100mV/div. : : : © : : 100mV/div.
o Frt b ] T [ o et e s s s e :
i RINEE L | L i SRR, T " " A i
20V/div. 2 e .} . t . i | { l_ 20V/div. . . HV' ”F’ 4 4 I
CH3: SW = : [ i 1 : : CH3: SW = f
50V/div. : : : T : : 50V/div. X |
4 I | ] ] ; 4
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5vidiv. | O SVidiv. ek
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =48V, Vout = 12V, Pour = 11W, Ta = 25°C, unless otherwise noted.

SCP Entry

Vin Shutdown

loutr = 0.92A lout = 15mA to short
............ = T
“y
......................... : R :
CHL: Vour CHL Vour 1}
5vidiv. | 5V/div. +f v
e | [ e chzvi | e oo
oovidiv. |-, - 20Vidiv. L] . LU L
CH3: SW CHs:sw L
50V/div. 50V/div. S
CH: lor AR N AN ENI RSN,
2AMdiv. | : ! iv. L S T ;
100ms/div. 2ms/div.
SCP Entry SCP Recovery
lout = 0.92A to short lout = short to 15mA
= —
T +] +]
CH1: Vour : CH1: ng
svidiv. b L. SVidiv. 7 foo
S~ Criz vy | ot
20V/div. 20V/div.
CH3: SW CH3; S.W
50V/div. S0V/div. Do
. CH3: Ipmi ik | ..... ‘
CH3: Ips . A1 | 1ERO
2A/div. 2Afdiv. R N I
4ms/div.
SCP Recovery Load Transient
lout = short to 0.92A lout = 15mMA to 0.46A, Iravp = 25mA/us
: CH1:
o Vour/AC SR
CH1: Vour = 1vrdiv. ‘\f.—’—“\/.-’-
5V/div.
1 " A B SRR
(SR ZEAV/VIN [ SR RS N S e s enes nnes seee® I N SRS S RS SIS SRS S—————
20V/div.
CH3:sw [|*
50V/div. : po——
. CH3: | : | L L -
CH3: ler OO P e e (-
2A/div.
10ms/div. 4ms/div.
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mP5 MP8007H - IEEE 802.3AF PD WITH 13W FLYBACK/BUCK CONVERTER
TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =48V, Vout = 12V, Pour = 11W, Ta = 25°C, unless otherwise noted.

OVP Entry
lout = 100mMA to 2mA

Load Transient
lout = 0.46A to 0.92A, Iravp = 25mA/us

T T ————T
: :
........................................ M
CH1: CHL: Vour o : : :
Vour/AC 5V/div. - : : : :
200mV/div. X : : : :
....................... CH2: Vi
i = 2ovidiv. [ -
! ' sy CH3: SW T | H"
. ] . I ] + ) ] .
ol B R sov/idiv. 137
CH3 lor |3 Lo CH3: I | | TR T ‘
500mA/div. 2A/div. ITEE—— LI
2ms/div. 200ms/div.
Open-Circuit entry Open-Circuit recovery
lout = 0.92A, Short FB1 to GND lout = 0.92A, release FB1 from short condition
= =
CHL: Vour o CHL: Vour
5V/div. 5V/div.
| | 1 S P 1
CH2: FB1 BT iiin i brmr b b 0 e e S CH2: EB1 PProsmrmmrrrrrmr e e e
2Vidiv. 2V/div.
CH3: SW CH3: SW .
50V/div. s50v/idiv. I3
CH3: Iy | EREE Eweessndagra - 0 0 CH3: lpgt -0 0
2A/div. 2A/div.
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FUNCTIONAL BLOCK DIAGRAM

VDD AUX
1 1
L] L]
l: Detection Inrush and
DET :l ’ 2.7V to 10.1V Current Limit ‘ l::l T2P
|
E"— Start-Up Delay 4,'
L Control |__|_
- VSS
Classification
CLASS[ - 14.5v to 20.5v Control Logic
and 0/30pA
Gate Driver
Mark Event ’_[:l PG
6.9V to0 10.1V [ .
Current/ '
Voltage Sense
vss [} It & — (] RTN
VCCL | F,:f;’;’;;i;‘npeprﬁ’ DC/DC Enable
FB1 E] DCM Detection
—LIsw
'—
Feedback Driver |!“
Sampling Management
FB2 [} Protection Current Sensgj
I Program |—E
AGNDI:] LIMT g :l GND
r IJ‘I
L

LI
MODE ILIM

Figure 1: Functional Block Diagram
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OPERATION

Compared to the IEEEB02.3af, the IEE802.3at
standard establishes a higher power allocation
for power over Ethernet (PoE) while maintaining
backward compatibility with existing IEEE
802.3af systems. Power-sourcing equipment
(PSE) and power devices (PD) are
distinguished as Type 1 (compliant with IEEE
802.3af power levels) or Type 2 (compliant with
IEEE 802.3at power levels). The IEEE
802.3af/at standard offers a method of
communication between PD and PSE with
detection, classification, and mark events.

The device is an integrated PoE solution with a
IEEE 802.3af PD interface and a 13W DC/DC
converter.

The PD interface also has 802.3at functionality,
but the DC/DC converter only supports 13W
output, so the MP8007H is only used for
802.3af power design.

With the PSE, the MP8007H operates as a
safety device to supply voltage only when the
PSE recognizes a unique, tightly specified
resistance at the end of an unknown length of
Ethernet cable. After being powered from the
PSE, the device regulates the output voltage
based on applications with isolated or non-
isolated topology. Figure 1 on page 16 shows
the device’s functional block diagram. Figure 2
shows a typical PD interface power operation
sequence.

Voltage
A | | | | } }
A e it [ o T
43?.5\/— F——— j ——————————————————————— | —————————————— — Range
V-t - —— - _ereln ——a——
| Class Event 2 | | }
205V —f——— P | 37V to 57V (af)
Cl Event 1
| ass tven IEEES02.3af | 42,5V 10 57V (at)
145V —fF ——— l —————————— IEEE802.3at |
| 2.7V o 10.1\i Start-Up |
10.1v= ““Jrs‘igﬁa?urz“vg“‘ |
BV—f ———L—————— |
vV~ Mark Event Tlgﬂl
£ | | q
Reset | Detection | Classification | Intermediate Idle | ON Time

Figure 2: PD Interface Operation Description

Detection

Roer is connected between DET and VDD. It is
presented as a load to the PSE in detection
mode, when the PSE applies two “safe”
voltages between 2.7V and 10.1V while
measuring the change in current to determine
the load resistance. A 24.9kQ (x1%) resistor
between VDD and DET is recommended to
present one correct signature, and the valid
signature resistance seen from the power
interface (PI) is between 23.7kQ and 26.3kQ.

The detection resistance seen from the Pl is the
result of the input bridge resistance in series
with the VDD loading. The input bridge

resistance is partially cancelled by the
MP8007H’s effective leakage resistance during
detection.

Classification

The classification mode can specify to the PSE
the device’s expected load range while under
power. This allows the PSE to intelligently
distribute power to as many loads as possible
within its maximum current capability. The
classification mode is active between 14.5V and
20.5V. Table 1 shows the different classes.

MP8007H Rev. 1.0
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Table 1: CLASS Resistor Selection

Max Input .
Class | Power to PD Classification | Rcrass
Current (mA) (Q)
(W)
0 12.95 2 578
1 3.84 10.55 110
2 6.49 18.7 62
3 12.95 28.15 41.2
4 255 40.4 28.7

Two-Event Classification

The MP8007H can be used as a Type 1 PD as
Class 0 to 3 (see Table 1). It also distinguishes
Class 4 with two-event classification. It is
recommended to set the MP8007H in Classes 0
to 3 because the DC/DC converter is not built
for more than 13W of power.

In two-event classification, the Type 2 PSE
reads the power classification twice. Figure 2
on page 17 shows an example of two-event
classification. The first classification event
occurs when the PSE presents a voltage
between 14.5V and 20.5V to the MP8007H, and
the device presents a Class 4 load current. The
PSE then drops the input voltage into the mark
voltage range of 6.9V to 10.1V, signaling the
first mark event. The MP8007H presents a load
current between 0.5mA to 2mA in the mark
event voltage range.

The PSE repeats this sequence, signaling the
second classification and second mark event.
The PSE then applies power to the MP8007H,
and the device charges up the DC/DC input
capacitor Cguk (C1 in the Typical Application
Circuit on page 1) with a controlled inrush
current. When Ceguwk is fully charged, the T2P
pin presents an active low signal with respect to
VSS after tpeay. The T2P output becomes
inactive when the MP8007H input voltage (Vop)
falls below UVLO (see Figure 3). When the
MP8007H is set to Classes 0 through 3, two-
event classification and T2P can be ignored.

PD Interface UVLO and Current Limit

When PD is powered by the PSE and Voo
exceeds the turn-on threshold, the hot-swap
switch start passes a limited current (linrusH) to
charge the downstream DC/DC converter’s
input capacitor (Csuk). The start-up charging
current is about 120mA.

If RTN drops below 1.2V, the hot-swap current
limit changes to 840mA. After toeiay from UVLO
starting, the MP8007H asserts a PG signal and
goes from start-up mode to running mode. If the
inrush period elapses, the PG signal can
internally enable the downstream DC/DC
converter.

If Vop - Vss drops below the falling UVLO, the
hot-swap MOSFET and DC/DC converter are
both disabled.

If the output current overloads on the internal
pass MOSFET, the current limit works and Vrrn
- Vss rises. If Vrrn rises above 10V for longer
than 1ms, or rises above 20V, the current limit
reverts to the inrush value, and PG is pulled
down internally to disable the DC/DC regulator.

Figure 3 shows the current limit, and the PG
and T2P work logic during start-up from the
PSE power supply.

PSE power on

100ms timer

120mA inrush

Yes

Current limit change
to 840mA

l Both are OK

l

T2P acts based on
PSE type

N
Vop - Vss < UVLO_F?

Yes

Yes PG and T2P reset
PG drops
PSE power off

Figure 3: Start-Up Sequence

PG rises to high

No . > 10V for Ims,
or Ve > 20V7?

MP8007H Rev. 1.0
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Wall Power Detection and

Operation

For applications where an auxiliary power
source such as a wall adapter powers the
device, the MP8007H features wall power
adapter detection (see Figure 4). Once the
input voltage (Voo - Vss) exceeds about 11.5V,
the device enables wall adapter detection. The
wall power adapter detection resistor divider is
connected from VDD to the negative terminal of
the adapter, and Dapps IS added for a more
accurate hysteresis. There is a -2.3V reference
voltage from AUX to VDD for adapter detection.
The adapter is detected when the AUX voltage
(Vaux) triggers, calculated with Equation (1):

Adapter

— Ruee 53y (D)

RADF’UF’ + RADPDOWN

VDD - VAU>< = (VADP - VDADP3) X

Where Vapr is the adapter voltage, Vpapes is the
Zener voltage, and Rappup and Rappoown are the
AUX divider resistors from the adapter power.

If the applied adapter voltage exceeds the
design adapter voltage, Voo - Vaux is high. If the
applied voltage between VDD and AUX
exceeds 6.5V, some current may flow out
through the AUX pin. Design the external
resistor (Rappur/Raproown OF the RT resistor
from the resistor divider to AUX) to limit the
AUX pin’s current. Assuming Vpp - Vaux is 6.5V
for the calculation, the current out of the AUX
pin should be below 3mA by the external
resistor limit.

To ensure the MP8007H works stably with
adapter power, place one Schottky diode
(Dapp1) (D4 in Typical Application Circuit on
page 1) between the negative terminal of the
adapter and VSS. Dapp2z (D5 in Typical
Application Circuit on page 1) blocks the
reverse current between the adapter and the
PSE power source.

When a wall adapter is detected, the internal
MOSFET between RTN and VSS turns off,
classification current is disabled, and T2P
activates. The PG signal is active when adapter
power is detected, so that it can enable the
downstream DC/DC converter even when the
input hot-swap MOSFET is disabled.

Internal T2P and PG signals only work with
input voltages exceeding 11.5V when an
adapter is detected.

MP8007H

VDCD To DC/DC
_]i' Shut down hot-swap
23v Shut down classification|
ull up PG
From PSE =— +
A AUX | o
Vg RTN
3 Ii[ °

R Appup|
Adapter W [
RADPDOWN:E
Daorr Daor2
DADP3?

Figure 4: Adapter Power Detection

Power Good Indicator (PG)

The PG signal is driven by the internal current
source. After toeLay, when UVLO starts and RTN
drops to 1.2V, or a wall power adapter is
detected, the PG signal is pulled high to
indicate the power condition and enable the
downstream DC/DC converter. Figure 3 shows
that when powering the PG logic from the PSE,
PG will be high if an adapter is detected.

DC/DC Converter Start-Up and Power
Supply

Once the PD input overrides its UVLO, it
charges the DC/DC converter’s input capacitor
(between VDD and RTN) with PD inrush current
limit.

The DC/DC converter has an internal start-up
circuit. When the voltage between VDD and
GND exceeds 4.3V, the capacitor at VCC is
charged through the internal LDO. Typically,
Vcc is regulated at 5.4V (if VDD is high enough).
With the exception of the PD interface UVLO,
the DC/DC converter has an additional Vi
UVLO (11.6V) and Vcc UVLO (4.7V). When
VDD - GND exceeds the 11.6V UVLO, Vcc is
charged above the 4.7V UVLO. The PG pin is
pulled high by the PD interface, and the DC/DC
converter starts switching.

The VCC pin can be powered from the
transformer auxiliary winding to save IC power
loss (see the VCC Power Supply Setting
section on page 24 for more details).

Flyback and Buck Mode Converter

The DC/DC converter supports both flyback
and buck topology applications. Connect MODE
to GND to set the DC/DC converter in flyback
mode. Float MODE to set the DC/DC converter
in buck mode. MODE is pulled up internally to
VCC through a 1.5pA current source. Do not
connect MODE to VDD externally in buck

MP8007H Rev. 1.0
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mode,and do not place a resistor between
MODE and GND in flyback mode.

Converter Switching Work Principle

After start-up, the DC/DC converter works in
discontinuous conduction mode (DCM). The
second switching cycle does not start until the
inductor current drops to OA. In each cycle, the
internal MOSFET turns on, and the current-
sense circuit senses the current (Iew) internally.

The rate at which the current rises linearly in
flyback mode can be calculated with Equation

(2):
dlg, _ Vi

dt L, )

When lpgy rises up to lpk, the internal MOSFET
turns off (see Figure 5). The energy stored in
the primary-side inductance transfers to the
secondary side through the transformer.

Ipk

0

Figure 5: Primary-Side Current Waveform

The primary-side inductance (Lwm) stores energy
in each cycle. The energy can be calculated
with Equation (3):

E= %LMléK 3)

The power transferred from the input to the
output can be estimated with Equation (4):

P= %LMlﬁ,KfSW (4)

Where fsw is the switching frequency. When Ipk
is constant, the output power depends on fsw
and L.

The rate at which the current rises linearly in
buck mode can be estimated with Equation (5):

dIF’(l) — VlN — VOUT (5)
dt L,

The internal MOSFET turns off when lpg) rises
to lpk (see Figure 6). The output current can be
calculated with Equation (6):

| 1p (6)

out ~— PK
2

Where D is the inductor current conducting duty
cycle.

Figure 6: Inductor Current Waveform

Converter Light-Load Control

If the load decreases in flyback mode, the
DC/DC converter stretches down the frequency
automatically to reduce the power transferred
while maintaining Ipk in each cycle. An
approximate 10kHz minimum frequency is
applied to detect the output voltage, even at a
light load. During this condition, the switching
Ik jumps between 20% and 100% of the
normal lex to reduce power loss while
transferring.

Due to the 10kHz minimum frequency, the
DC/DC converter still transfers some energy to
the output, even if there is no load on the output.
Some load is required to keep the output
voltage in regulation, or else Vour rises and
triggers OVP.

In buck mode, the DC/DC converter does not
have a minimum frequency limit, so it stretches
down to a very low frequency and regulates the
output automatically, even if there is no load on
the output.

Frequency Control

By monitoring the auxiliary winding voltage in
flyback mode or monitoring the SW voltage in
buck mode, the DC/DC converter detects and
regulates the inductor current in DCM. The
frequency is controlled by the peak current, the
current ramp slew rate, and the load current.

The maximum frequency occurs when the
DC/DC converter runs in critical conduction
mode, providing the maximum load power. The
DC/DC converter switching frequency must be
below 300kHz in the design.

MP8007H Rev. 1.0
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Output Voltage Control

In flyback application mode, the DC/DC
converter detects the auxiliary winding voltage
from FB1 during the secondary-side diode
conduction period.

Assume the secondary winding is the master,
and the auxiliary winding is the slave. When the
secondary-side diode conducts, the FB1
voltage can be calculated with Equation (7):

N R
VA N_: x (Vour + Vo) X 3 +2R2 7

Where Vpir is the output diode forward-drop
voltage, Vour is the output voltage, Na and Ns
are the turns of the auxiliary winding and the

secondary-side winding, respectively, and R1
and R2 are the resistor dividers for sampling.

The output voltage differs from the secondary-
winding voltage due to the current-dependent
diode forward voltage drop. If the secondary-
winding voltage is always detected at a fixed
secondary current, the difference between the
output voltage and the secondary-winding
voltage is a fixed Vpar.

The DC/DC converter samples the auxiliary-
winding voltage for 0.48us after the internal
power MOSFET turns off. It finishes the
sampling after the secondary-side diode
conducts for 1.85us. This provides good
regulation when the load changes. It is
recommended to make the secondary diode
conducting period longer than 2us in each cycle
for some margin, and the FB1 signal must be
smooth within 0.48us of the switch turning off.

With a buck solution, there is one FB2 pin
referred to VDD. It can be used as the
reference voltage for the buck application. The
output voltage is referred to VDD and does not
have the same GND as the input power.

Programming the Switching Current Limit

The switching converter current limit is set by
an external resistor (R3 on the Typical
Application Circuit on page 1) from ILIM to
ground. The value of R3 can be estimated with
Equation (8):

Where Ium is the current limit (in A), V. is the
voltage applied on the inductor when the
MOSFET turns on, R3 is the setting resistor in
(kQ), and L is the inductor in (uH).

The current limit cannot be programmed higher
than 3A.

If the input voltage is low, the inductor current
may increase slowly, and it may take a long
time to meet the setting current limit. The
MP8007H uses a maximum on time of about
7us. After the max on time, the MOSFET turns
off, even if the inductor current does not meet
the setting current limit.

Converter Leading-Edge Blanking

Transformer parasitic capacitance induces a
current spike on the power-switching FET when
the power switch turns on. The DC/DC
converter includes a 450ns leading-edge
blanking period to avoid falsely terminating the
switching pulse. During this blanking period, the
current-sense comparator is disabled, and the
gate driver cannot switch off.

DC/DC Converter DCM Detection

The DC/DC switching regulator operates in
discontinuous conduction mode in both flyback
and buck modes.

In flyback mode, the DC/DC converter detects
the falling edge of the FB1 voltage in each cycle.
The second switching cycle does not start
unless the chip detects a 50mV falling edge on
FB1.

In buck mode, the DC/DC converter detects the
falling edge of the SW voltage in each cycle.
The second switching ycle does not start unless
the chip detects a 0.14V falling edge between
Vsw and Vop.

Over-Voltage and Open-Circuit Protection

In flyback mode, the DC/DC converter includes
over-voltage protection (OVP) and open-circuit
protection. If the voltage at FB1 exceeds 125%
of Vrer1, or FB1’s -60mV falling edge cannot be
detected because the feedback resistor is
removed, the DC/DC converter immediately
shuts off the driving signal and enters hiccup
mode by recharging the internal capacitor.

100 V, x0.18 8
L = + (8) The DC/DC converter resumes normal
R3 L . .
operation when the fault is removed. In buck
MP8007H Rev. 1.0 www.MonolithicPower.com 21
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mode, if the voltage at FB2 exceeds the
reference voltage, the DC/DC converter stops
switching immediately.

Thermal Shutdown

Thermal shutdown is implemented to prevent
the chip from thermally running away. The
MP8007H has separate temperature monitor
circuits for the PD and switching devices.
DC/DC converter thermal protection does not
affect the PD interface, but PD temperature
protection turns off both the PD and the DC
converter. When the temperature drops below
its recovery threshold, thermal shutdown
completes and the chip is enabled.

MP8007H Rev. 1.0 www.MonolithicPower.com
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APPLICATION INFORMATION

Detection Resistor

In detection mode, it is required to connect a
resistor between the DET and VDD pins as a
load to the PSE. The resistance is calculated as
AV | Al, with an acceptable range of 23.7kQ to
26.3kQ. A typical value for the detection resistor
is 24.9kQ.

Classification Resistor

To distribute power to as many loads as
possible from the PSE, a resistor placed
between the CLASS and VSS pins classifies
the PD power level. This draws a fixed current
set by the classification resistor. The power
supplied to PD is also set by the classification
resistor (see Table 1 on page 18). The typical
voltage on the CLASS pin is 1.16V in the
classification range, and it produces about
33mW of power loss on a class resistor in a
Class 3 condition.

Protection TVS

To limit input transient voltage within the
absolute maximum rating, a TVS across the
rectified voltage (Voo - Vss) must be used. The
SMAJ58A, or a similar equivalent, is
recommended for general indoor applications.
Outdoor transient levels or special applications
require additional protection.

PD Input Capacitor

An input bypass capacitor (from VDD to VSS)
of 0.05uF to 0.12uF is needed for IEEE
802.3af/at standard specification. Typically, a
0.1uF, 100V ceramic capacitor is used.

Wall Power Adapter Detection Circuit

When an auxiliary power source such as a wall
power adapter powers the device, the divider
resistors Rappupr, Rabppown, and Dapp3z must be
chosen to satisfy Equation (1) for correct wall
power adapter detection (see Figure 7).

It is recommended to make Rappupr 3kQ to
balance the power loss and current leakage
discharge from Dapp1 and Dapp2. The RT
resistor is applied to limit the AUX current below
3mA when Vapp is high. The minimum RT
resistor can be calculated with Equation (9):

(V aop —Voaoes) X Rappup _65

R +R
RT — ADPUP ,?-I)’DPDOWN (9)

Where RT is in kQ.

One small package Schottky diode with a 100V
voltage rating (such as BAT46W) s
recommended for Dappi. The voltage rating of
Dappz must also be above 100V, while the
current rating must be above the load current. A
low-voltage drop Schottky diode (such as the

SS1H10) is recommended to reduce
conduction power loss.
Vaop
VDD
RADPUP
RT
AUX PG
RADPDOWN
VSS RTN
DADP3
DADPl D,
Adapter GND ADP2

Figure 7: Wall Power Adapter Detection Circuit

To prevent the converter from operating at an
excessively low adapter voltage, choose a start-
up voltage (Vsrart) about 80% of the nominal
voltage. Assuming that the adapter voltage is
48V, let Rappup = 3kQ, Raprpoown = 8.06kQ and
Dabrs = 30V. For more details, see Equation (1).
Check the adapter turn-on and turn-off voltage,
using Equation (10) and Equation (11),
respectively:

+RADPDOWN =385V (10)

ADPUP

+R

\Y =30+2.3x Ryopue

ADP-ON

=30+0.6x Ryopue

AoPoown. 33 2y (11)

ADPUP
Power Good (PG) Indicator Signal

The MP8007H integrates one PG indicator. The
PG pin indicates when the PD inrush period
finishes, and enables the DC/DC converter
internally. The PG pin is an active-high output
with internal driven. It can be floated to enable
the DC/DC converter. Pull the PG pin low

\Y

ADP-OFF

MP8007H Rev. 1.0

www.MonolithicPower.com 23

12/3/2019 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2019 MPS. All Rights Reserved.



meS

MP8007H — IEEE 802.3AF PD WITH 13W FLYBACK/BUCK CONVERTER

externally to disable the MP8007H’s DC/DC
regulator.

If PG is high, the PG pin is pulled up by an
internal 30pA current source while clamped by
one 5.5V Zener diode between PG and RTN. If
PG is low, an internal 30uA current source is
disabled and the PG pin is pulled low by a pull-
down resistor (about 460kQ) between PG and
RTN (GND).

Float PG for automatic start-up after the power
is connected. The PG pin can be pulled low
externally, but the signal sink current capability
must be greater than the internal current
source. The Zener diode on the PG pin clamps
the internal 30uyA current. Do not connect an
external signal with a voltage above 5.5V to the
PG pin.

T2P Indicator Connection

The T2P pin is an active-low, open-drain output
that indicates the presence of a Type 2 PSE, or
when AUX is enabled. An optocoupler is
typically used as the interface from the T2P pin
to circuitry on the output of the converter (see
Figure 8). A high-gain optocoupler and a high-
impedance (e.g. CMOS) receiver are
recommended.

Vour of DC/DC

VDD I |
AT2p . ITZP-OUT
|
Riop I Rsz-o% .
N4

v > Type 2 inductor

low active

T2P

Figure 8: T2P Indicator Circuit

Considering the T2P sinking current (typically
2mA), T2P’s output low voltage of 0.1V, and the
diode forward voltage drop, choose Rrp =
23.7kQ to match the typical 48V VDD input. If
Vour of the DC/DC converter is 12V, choose
Rrop.0 = 20kQ based on the CRT, even if it
varies with temperature, LED bias current, and
aging.

If lightening an LED from VDD to T2P to
indicate T2P’s activity, Rrzp’s resistance must

be higher to match the LED’s max current and
reduce power loss.

VCC Power Supply Setting

The VCC voltage is charged through the
internal LDO by VDD. Normally, Vcc is
regulated at 5.4V. A capacitor no less than 1uF
is recommended for decoupling between Vcc
and GND.

In flyback mode, Vcc can be powered from the
transformer auxiliary winding to save the high-
voltage LDO power loss.

Raux  Daux

%Cvcc

Figure 9: Supplying Vcc from the Auxiliary
Winding

The auxiliary winding supply voltage can be
calculated with Equation (12):

N
Vcc = N_A X (VOUT + VDlF) - VDAUXF (12)

S

Where Na and Ns are the turns of the auxiliary
winding and the output winding, Vpir is the
output rectifier diode voltage drop, and Vpauxr is
the Daux voltage drop (see Figure 9).

Vce is clamped at about 6.2V by one internal
Zener diode. The clamp current capability is
about 1.2mA. If the auxiliary winding power
voltage exceeds 6.2V (especially in a heavy-
load condition), a series resistor (Raux) must
limit the current to Vcc. For simple applications,
supply Vcc power directly through the internal
LDO.

Converter Output Voltage Setting

In the DC/DC converter, there are two feedback
pins for different application modes.

In flyback mode, the converter detects the
auxiliary winding voltage from FB1. R1 and R2
are the resistor dividers for the feedback
sampling (see Figure 10).
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mes

Figure 10: Feedback in Isolation Application

When the primary-side power MOSFET turns
off, the auxiliary-winding voltage is sampled.

The output voltage can be estimated with
Equation (13):

V. :VREle(RlJrRZ)X&_

ouT RZ N

V

DI1F

(13)

A

Where Ns is the transformer secondary-side
winding turns, Na is the transformer auxiliary
winding turns, Vpir is the rectifier diode forward
drop, and Vger: is the reference voltage of FB1
(typically 1.99V).

When the primary-side power MOSFET turns
on, the auxiliary winding forces a negative
voltage to FB1. The FB1 voltage is clamped
below -0.7V internally, but the clamp current
should remain below -0.5mA by R1. For
example, if the auxiliary winding forces -11V to
R1, to drop the current flowing from FB1 to R1
below -0.5mA, the R1 resistance must be
greater than 22kQ (if ignoring R2’s current).

Select R2 with a 10kQ to 50kQ resistor to limit
noise while providing an appropriate R1 for the
-0.5mA negative current limit.

In buck application mode, the feedback pin is
FB2. The output voltage can be estimated with
Equation (14):

R, +R
Vour = lR 2%V, (14)

REF2

2

Where Vger: is the reference voltage of FB2 -
1.88V, typically.

Maximum Switching Frequency

When the DC/DC converter works in DCM, the
frequency reaches its maximum value during a
full-load condition. The maximum frequency is
affected by the peak current Ilimit, the
inductance, and the input/output voltage.

Generally, design the maximum frequency to
remain below 300kHz.

In buck mode, the maximum frequency occurs
when the buck runs in critical continuous
conduction mode. The frequency can be
calculated with Equation (15):

f _ (Min = Vour) * Vour

SW_MAX —
- I xLxVy

(15)

LIM

Where, Ium is the Ipx set by the current-limit
resistor.

With a lighter load, the frequency is lower than
the maximum frequency.

In  flyback mode, design the maximum
frequency with the minimum input voltage and
the maximum load condition. The frequency
can be estimated with Equation (16):

f, < 1 (16)

sSw

tON + tCON + tDELAY

Where ton is the MOSFET one pulse turn-on
time. ton can be calculated with Equation (17):
I < L

— M (17)
Vi

tON

Where Lwm is the transformer primary-winding
inductance, and tconis the rectifier diode current
conducting time. tcon can be estimated with
Equation (18):

Ng %1 % Ly

t. = (18)
eon NP x (VOUT + VDlF)

Where Ns is the transformer secondary-side
winding turns, and Np is the transformer
primary-side winding turns.

toeLay is the resonant delay time from when the
rectifier diode current drops to OA and the
auxiliary-winding voltage drops to 0V. The
resonant time can be tested on the evaluation
board (about 0.5us).

In flyback mode, the DC/DC converter samples
the feedback signal within 1.85us after the
primary-side  MOSFET turns off. The
secondary-side diode conduction time in
Equation (18) is generally longer than 2us to
provide some design margin. This time period,
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combined with the duty cycle, determines the
maximum frequency.

Converter Input Capacitor Selection

An input capacitor must supply the AC ripple
current to the inductor while limiting noise at the
input source. A low-ESR capacitor keeps the
noise to the IC at a minimum. Ceramic
capacitors are recommended, but tantalum or
low ESR electrolytic capacitors also suffice. For
ceramic capacitors, the capacitance dominates
the impedance at the switching frequency. The
ripple is the worst in light-load conditions. The
required input capacitance can be estimated
with Equation (19):

0.5xl1,,,xt
C1 — T/LIM * lon (19)

INP_P

Where C; is the DC/DC converter input bulk
capacitor value, Vinep is the expected input
ripple, and ton is the MOSFET turn-on time.

In an isolated application, ton can be calculated
with Equation (19):

toy = | X Ly (20)
Vin
In a non-isolated application, ton can be

estimated with Equation (20):

I xL
toy = 25— (21)
IN~ Vour

Where L is the buck’s inductance value.

Converter Output Capacitor Selection

The output capacitor maintains the DC output
voltage. For the best results, use ceramic or
low-ESR capacitors to minimize the output
voltage ripple. For ceramic capacitors, the
capacitance dominates the impedance at the
switching frequency.

In flyback application mode, the worst output
ripple occurs under a light-load condition. The
worst output ripple can be estimated with
Equation (22):

Vv 0.5x N, x4y X teoy

OUTP_P — Ns <C2 (22)

Where C2 is the output capacitor value and
Voute p is the output ripple.

Normally, a 44uF or greater ceramic capacitor
is recommended as the output capacitor. This
allows a small Vo ripple and stable operation.

In a buck application, the worst Vour ripple can
be estimated with Equation (23):

v _ 0.5 x I p," XL x (Vi + Vi) (23)
ouTP_P = 55 (Vin = Vour) * (Vour + Vo)

Leakage Inductance

The  transformer's leakage  inductance
decreases system efficiency and affects the
output current and voltage precision. Optimize
the transformer structure to minimize the
leakage inductance. Aim for a leakage
inductance below 3% of the primary-winding
inductance.

RCD Snubber for Flyback

The transformer leakage inductance causes
spikes and excessive ringing on the MOSFET
drain voltage waveform, affecting the output
voltage sampling 0.48us after the MOSFET
turns off. The RCD snubber circuit limits the SW
voltage spike (see Figure 11).

C4 R4
=+ Np

D2
MP8007H AGND

sw

Figure 11: RCD Snubber

The power dissipation in the snubber circuit can
be estimated with Equation (24):
1

:EXLKX|

P

SN

|_|M2 xfow (24)

Where Lk is the leakage inductance.

Since R4 consumes the majority of the power,
R4 can be estimated with Equation (25):

R4 = Vo' (25)
PSN

Where Vsy is the expected snubber voltage on
C4.

The snubber capacitor (C4) can be designed to
get an appropriate voltage ripple on the
snubber using Equation (26):
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Vgy=—— N 26
U R4xCéxfy, (0)

Generally, a 15% ripple is acceptable.

Buck Inductor Selection

The inductor is required to transfer the energy
between the input source and the output
capacitors. Unlike normal applications where
inductors determine the inductor ripple, the
DC/DC converter always works in DCM while
Vin, Vour, and Ium are constant. The inductor
only determines the speed of the current rising
and falling, which determines the switching
period.

Using the expected maximum frequency, the
inductor value can be determined with Equation
27):

L ~ (VlN _VOUT)X(VOUT +VD1F)Xi (27)
(Vin + Voir) % loeax fow

Where fsw is the expected maximum switching
frequency, which should generally be below
300kHz .

Converter Output Diode Selection

The output rectifier diode supplies current to the
output capacitor when the internal MOSFET is
off. Use a Schottky diode to reduce loss due to
the diode forward voltage and recovery time.

In isolated application, the diode should be
rated for a reverse voltage above that can be
calculated with Equation (28):

v YwxNs

ouT PD1
N

V

- (28)
Vpp1 can be selected at 40% to 100% of Vourt +
Vin X Ns / Np. An RC or RCD snubber circuit for
the output diode D1 is recommended.

In buck mode, the diode reverse voltage
equates to the input voltage. A 20% to 40%
margin is recommended.

In both applications, the current rating should
be greater than the maximum output current.

Converter Dummy Load

When the system operates without a load in
flyback mode, the output voltage rises above
the normal operation voltage because of the
minimum switching frequency limitation. Use a

dummy load for good load regulation. A large
dummy load decreases efficiency, so the
dummy load is a tradeoff between efficiency
and load regulation. Figure 14 on page 30
shows that certain applications require a
minimum load of about 10mA.

Design Example

Below is a design example following the
application guidelines for the following
specifications:

Table 2: Flyback Design Example

Vop - Vss 36V to 57V (PoE supply)
Roer 24.9kQ
Rciass 41.2Q
VADAPTER 48V
Vour 12v
Pour 11W

Figure 14 on page 30 shows the detailed
application schematic, and is the basis for the
typical performance waveforms. Typically, the
device is powered by the PSE (Vop - Vss =
48V). When an adapter voltage above 38.5V is
present, the internal MOSFET between RTN
and VSS turns off, and the device is powered
by the adapter, regardless of the PSE voltage.
Refer to the related evaluation board
datasheets for more detailed device
applications.
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PCB Layout Guidelines

Efficient layout of the PoE front-end and high-
frequency switching power supply is critical for
stable operation. Poor layout may result in
reduced performance, excessive EMI, resistive
loss, and system instability. For the best results,
refer to Figure 12 and Figure 13, and follow the
guidelines below:

For PD Interface Circuits:

1. All components must follow the power flow,
from RJ-45, the Ethernet transformer, diode
bridges, and TVS, to the 0.1uF capacitor
and the DC/DC converter input bulk
capacitor.

2. Make all leads as short as possible with
wide power traces.

3. The spacing between Vpp (48V) and Vss
must comply with safety standards, such as
IEC60950.

4. Place the PD interface circuit ground planes
with reference to VSS, and place the
switching converter ground planes with
reference to RTN/GND.

5. The exposed PAD must be connected to
GND. It cannot be connected to VSS.

6. If adapter power detection is enabled, the
AUX divider resistor should be close to the
AUX pin.

7. Place diode D5 (between VSS and RTN)
close to VSS and RTN.

For Flyback Circuits:

1. Ensure the input loop between the input
capacitor, transformer, SW, and GND plane
is as short as possible to minimize noise
and ringing.

2. Make the output loop between the rectifier
diode, output capacitor, and transformer as
short as possible.

3. Keep the clamp loop circuit between D2, C4,
and the transformer as small as possible.

4. Place the VCC capacitor close to VCC for
optimal decoupling.

5. Place the current-setting resistor (R3) as
close to ILIM and AGND as possible.

6. Route the feedback trace far away from
noise sources (such as SW).

Keep the trace connecting FB1 short.

Use a single-point connection between the
power GND and signal GND.

9. Place vias around GND and the thermal pad
to lower the die temperature.

See the Typical Application Circuit on page 30
for more detalils.

O Via
Top Layer CL Rtcy ® T1

I Bottom Layer VDD B D1

] Hlour
o
E

D33g ul
E@ Sy
E 0000
uss .ns. ||
4
=EE
1 nsn?ns Rl
0UTEND

ﬁDpsNgg
oo
oo

Figure 12: Recommended Flyback Layout
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For Buck Circuits:

1. Ensure the input loop between the input
capacitor, rectifier diode, SW, and GND
plane is as short as possible for minimal
noise and ringing.

2. Keep the output loop between the rectifier
diode, the output capacitor, and the inductor
as short as possible.

3. Place the VCC capacitor close to VCC for
optimal decoupling. The current setting
resistor (R3) should be placed as close to
ILIM and AGND as possible.

4. Connect the output voltage sense and VDD
power supply from the output capacitor with
parallel traces.

5. Route the feedback trace far away from
noise sources, such as SW.

6. Keep the trace connected to FB2 as short
as possible.

7. Ensure the trace for VDD power is
sufficiently wide.

8. Use a single-point connection between the
power GND and signal GND.

9. Place vias around GND and the thermal pad
to lower the die temperature.

QO Via
Top Layer

c1 - c2
I Bottom Layer UDD e OUT
D1 ¥
- OUTGND

Ul_;llllllll;_

—] 000 O
0000

— 000 O

ﬁ'@ﬂmuu ‘

R8 R7 R5 R R

=

Figure 13: Recommended Buck Layout
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TYPICAL APPLICATION CIRCUIT
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A 200V
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Figure 14: Flyback Application Circuit, Viy = 36V to 57V, POE O Ring, 48V Adapter Input, Vour = 12V at 11W
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CARRIER INFORMATION

o O o O o 0 O O

Pin 1+ 1 1 1
ggel AEC L] AEC 1 AEC 1
iameter

Feed Direction -
Package . . Reel Carrier Tape | Carrier Tape
Part Number Description Quantity/Reel | Quantity/Tube Diameter Width Pitch
MP8007HGV-Z QFN-28 5000 N/A 13in 12mm 8mm
(4mmx5mm)

Notice: The information in this document is subject to change without notice. Please contact MPS for current specifications.
Users should warrant and guarantee that third party Intellectual Property rights are not infringed upon when integrating MPS
products into any application. MPS will not assume any legal responsibility for any said applications.
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