MP6910A

CCM/DCM Flyback ldeal Diode with
Integrated 100V/15mQ MOSFET

The Future of Analog IC Technology -

DESCRIPTION

The MP6910A is a fast turn-off intelligent
rectifier for flyback converters that combines a
100V power switch that replaces diode rectifiers
for high efficiency. The chip regulates the
forward voltage drop of the internal power
switch to about 65mV and turns off before the
voltage goes negative.

FEATURES

Integrated 15mQ, 100V Power Switch
Compatible with Energy Star

VDD Range from 8.3V to 24V

65mV Vps Regulation Function
Max 250kHz Switching Frequency
Supports High-Side and Low-Side
Rectification

e Available in SOIC-8 Package

APPLICATIONS

e Laptop Adapters
¢ QC and USB Quick Charger
¢ High-Efficiency Flyback Converter

All MPS parts are lead-free, halogen-free, and adhere to the RoHS
directive. For MPS green status, please visit the MPS website under
Quality Assurance. “MPS” and “The Future of Analog IC Technology” are
registered trademarks of Monolithic Power Systems, Inc.

NOTE:

1) Related issued patent: US Patent US8, 067,973; US8,400,790. CN
Patent ZL201010504140.4; ZL200910059751.X. Other patents

pending.
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mFEWMPGMOA — FAST TURN-OFF SYNCHRONOUS RECTIFIER W/ INTEGRATED MOSFET

ORDERING INFORMATION

Part Number Package Top Marking MSL Rating
MP6910AGS* SOIC-8 See Below 2

* For Tape & Reel, add suffix —Z (e.g. MP6910AGS-2)

TOP MARKING

MP6910A
LLLLLLLL
MPSYWW

MP6910A: Part code of MP6910A
LLLLLLLL: Lot number

MPS: MPS prefix

Y: Year code

WW: Week code

PACKAGE REFERENCE

TOP VIEW
O
Vs | 1 8 I VD
VDD | 2 7 I VD
SENSEl 3 | 6 | VD
Vs | 4 | 5 I VD
SOIC-8
PIN FUNCTIONS
Pin # Name Description
1,4 VS MOSFET source. VS is also used as the reference for VDD.
2 VDD Supply voltage.
3 SENSE MOSFET drain voltage sensing.
5-8 VD MOSFET drain.
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mFEWMPGMOA — FAST TURN-OFF SYNCHRONOUS RECTIFIER W/ INTEGRATED MOSFET

ABSOLUTE MAXIMUM RATINGS @

Thermal Resistance ©® @542 6ic

VDD tOVS ..o -0.3V to +25V SOIC-8..coiiiiiiiiiiiii e 67....... 30...°C/wW
VDO VS .., -1.5V to +100V
SENSE tO VS.....ovoercicieniene, -1V to +180V NOTES . .

R . ) Exceeding these ratings may damage the device.
Maximum operating frequency............... 250kHz 3) Repetitive Rating: Pulse width=100ys, duty cycle limited by
Continuous drain current (T¢c = 25°C) ....... 11.8A » $axim;? J'Cun%ion tem_peraturlelz o dissivation |

: : _ A = +25°C. The maximum allowable power dissipation is a
Contlnuous_ drain current (TC - 1000(:) """" 7.5A function of the maximum junction temperature T;(MAX), the
Pulsed drain current @ ..........ccoovviiiiiiiiee. 50A junction-to-ambient thermal resistance 6,4, and the ambient
Maximum power dissipation (4) 1.8W temperature Ta. The maximum allowable continuous power

L T S o dissipation at any ambient temperature is calculated by Pp
Junction temperature ............................... 150°C (MAX) = (T; (MAX)-Ta)/8m;. Exceeding the maximum
Lead temperature (solder) ............cccceuveee 260°C allowable power dissipation produces an excessive die

_EEOo o temperature, causing the regulator to go into thermal
Storage temperature """""""" 55°C 1o +150°C shutdown. Internal thermal shutdown circuitry protects the
: device from permanent damage.
ESD Ratlng 5) The device is not guaranteed to function outside of its
Human-body model (HBM) operating conditions.
SeNSe PiN.......ccocoverrcicieieines +1200V, -2000V 6)  Measured on JESDS1-7, 4-layer PCB.
Other piNS........cooovvviiiiiieee, +2000V
Charged-device model (CDM)................ +2000V
Recommended Operation Conditions ©)
VDD O VS .o 8.3V to 24V
Operating junction temp. (T;). ..-40°C to +125°C
MP6910A Rev. 1.2 www. MonolithicPower.com 3
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mFEWMPGMOA — FAST TURN-OFF SYNCHRONOUS RECTIFIER W/ INTEGRATED MOSFET

ELECTRICAL CHARACTERISTICS
VDD = 12V, T; = -40 ~ 125°C, unless otherwise noted.

Parameter Symbol |Conditions Min Typ Max Units
VDD voltage range 8.3 24

VDD UVLO rising 6.2 7.2 8.2 vV
VDD UVLO hysteresis 0.8 1.1 1.4 vV
Operating current Icc fsw = 100kHz 2.6 4 mA
Light-load mode current 255 350 pA
Control Circuitry Section

VSS - VD forward voltage VEwD 45 65 85 mV
Turn-on delay toon 100 ns
Turn-off threshold (VSS - VD) 20 30 40 mV
Turn-off delay ©) tDoff 30 ns
Minimum on time tmin 0.6 1 1.7 us
Light-load enter delay tLL-Delay 70 120 170 us
Light-load enter pulse width tL 1.4 2.2 3.6 us
Light-load enter pulse-width

hysteresis® tLL-H 0.27 us
Light-load mode exit pulse- i ) )

width threshold (Vos) Viwos 315 | 190 | /0| mV
Power Switch Section®

Drain source breakdown Vv 100 Vv
voltage® (BRIDSS

Single-pulse avalanche Vps=50V, Ves = 10V,

energy(® Eas L=1.0mH 100 mJ
Drain source on resistance Rbson) VDD =12V, Ip = 2A, 15 18.8 mQ
Input capacitance® Ciss 1925 pF
Output capacitance®) Coss Vs =40V, Ves = 0V, 307 pF
Reverse transfer f=1MHz

capacitance® Cres 20 PF
Source-Drain Diode Characteristics

Source-drain diode forward Vsb Is = 20A, Vs = OV 0.8 1.2 \
voltage

Reverse recovery time®) trr _ _ 79 ns
Diode reverse change(® Qr Ir=10A, dl/dt = 100A/us 106 nC
NOTES:

7) Guaranteed by characterization.

8) Guaranteed by design.

9) T,=25°C.
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mFEWMPGMOA — FAST TURN-OFF SYNCHRONOUS RECTIFIER W/ INTEGRATED MOSFET

TYPICAL CHARACTERISTICS

VDD = 12V, unless otherwise noted.

Breakdown Voltage vs. Temperature VDD Rising vs. Temperature
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mFEWMPGMOA — FAST TURN-OFF SYNCHRONOUS RECTIFIER W/ INTEGRATED MOSFET

TYPICAL PERFORMANCE CHARACTERISTICS

Operation in 30W Flyback Operation in 30W Flyback
Application Application
Vin = 90Vac, lout = 2.5A ViN = 265Vac, lout = 2.5A
' ' -k R SR 8
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mFEWMPGMOA — FAST TURN-OFF SYNCHRONOUS RECTIFIER W/ INTEGRATED MOSFET

BLOCK DIAGRAM
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Figure 1: Functional Block Diagram
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mFEWMPGMOA — FAST TURN-OFF SYNCHRONOUS RECTIFIER W/ INTEGRATED MOSFET

OPERATION

The MP6910A supports operation in flyback
converters. The control circuitry controls the
gate in forward mode and turns the gate off
when the MOSFET current is fairly low.

Blanking

The control circuitry contains a blanking
function. When the integrated MOSFET turns
on, the circuitry ensures that the on state lasts
for a specific amount of time. The turn-on
blanking time is twn (~1.0us), which determines
the minimum on time. During the turn-on
blanking period, the turn-off threshold is not
blanked completely, but changes the threshold
voltage to about +50mV (instead of -30mV).
This ensures that MP6910A can always be
turned off, even during the turn-on blanking
period (although it does so more slowly).

Under-Voltage Lockout (UVLO)

When the VDD is below the under-voltage
lockout (UVLO) threshold, the MP6910A is in
sleep mode, and the integrated MOSFET
remains off.

Basic Operation

The basic operations of a flyback converter with
the MP6910A are listed below.

1. Turn-on phase: The switch current first
flows through the body diode of the
integrate  MOSFET, which generates a
negative Vps across it (less than -500mV).
The voltage is much smaller than the turn-
on threshold of the control circuitry (-65mV),
which turns on the integrated MOSFET after
a tpon (100NS) turn-on delay (see Figure 2).

TR

Ll
A Turn off
T | i threshold
| | | Turn on
threshold
Vbs reshol
Il
I 1
ﬁ # toon ﬁ |€ oot

Figure 2: Turn-on and Turn-off Delay

2. Conducting phase: When the integrated
MOSFET turns on, Vps starts to rise
according to its on resistance. Once Vps
rises above the turn-on threshold (-65mV),
the control circuitry regulates the gate
voltage of the integrated MOSFET to keep
Vps around -Vewp (-65mV), even when the
current through the switch is fairly small.
This function can make the internal driver
voltage fairly low when the MOSFET is
turned off to quicken the turn-off speed. This
function is still active during the turn-on
blanking period, which means that the
integrated MOSFET can still be turned off
even with a very small duty.

Figure 3 shows the synchronous
rectification  operation at heavy-load
condition. Due to the high current, the
internal driver voltage is saturated first. After
Vps rises above -Vewp, the driver voltage
decreases to adjust the Vps to a typical -
VFwp.

A
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-30mVv Turn-off

Threshold
-65mv
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Voltage

b t t
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»
>

Figure 3: Synchronous Rectification Operation at
Heavy Load

Figure 4 shows the synchronous
rectification operation at light-load condition.
Due to the low current, the driver voltage
never saturates, but begins to decrease
once the integrated MOSFET is turned on
and adjusts Vps.

MP6910A Rev. 1.2
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mFEWMPGMOA — FAST TURN-OFF SYNCHRONOUS RECTIFIER W/ INTEGRATED MOSFET
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Figure 4: Synchronous Rectification Operation at
Light Load

3. Turn-off phase: When Vps rises to trigger
the turn-off threshold (-30mV), the driver
voltage of the switch is pulled low after tpos
(30ns) of turn-off delay time by the control
circuitry (see Figure 2). Similar with the turn-
on phase, a 200ns blanking time is added
after the switch turns off to avoid an
erroneous trigger.

Light-Load Latch-Off Function

The gate driver of integrated MOSFET in the
MP6910A is latched to save the driver loss at
light-load condition to improve efficiency. The
light-load enter pulse width (t.) is fixed
internally (~2.2us). When the synchronous
power switch conducting period is lower than t..
for longer than light-load enter delay (t.. -peiay),
MP6910A enters light-load mode and latches
off the integrated MOSFET (see Figure 5).
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Figure 5: Entering Light-Load Mode

During light-load mode, MP6910A monitors the
integrated MOSFET body diode conducting
period by sensing Vps. When Vps exceeds the
light-load mode exit pulse width threshold (V.-
ps), MPG6910A considers the integrated
MOSFET body diode conducting time to be
completed. If the MOSFET body diode
conduction time is longer than t,. + tuw (tien,
light-load enter pulse-width hysteresis), light-
load mode finishes and the integrated MOSFET
of MP6910A is unlatched to restart
synchronous rectification (see Figure 6).
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Figure 6: Exiting Light-Load Mode

External Resistor on SENSE

Over-voltage conditions may lead to damage to
the device, so there must be appropriate
application design to guarantee safe operation,
especially on the high voltage pin.

One common over-voltage condition is when
the body diode of the SR MOSFET is turned on,
as the forward voltage drop may exceed the
negative rating on the SENSE pin. In this case,
it is recommended to place an external resistor
about 300Q to 1kQ between SENSE and the
MOSFET drain. But a resistor greater than 1kQ
is also not recommended for the sampling
accuracy of VDS.

Typical System Implementations

Figure 7 shows the typical system
implementation for the IC supply derived from
output voltage, which is available in low-side
rectification. The output voltage is
recommended to be in the VDD range (from
8.3V to 24V).

MP6910A Rev. 1.2
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mFEWMPGMOA — FAST TURN-OFF SYNCHRONOUS RECTIFIER W/ INTEGRATED MOSFET
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Figure 7: IC Supply Derived Directly from Output
Voltage

If the output voltage is out of the VDD range or
high-side  rectification is used, it is
recommended to use an auxiliary winding from
the power transformer for the IC supply (see
Figure 8 and Figure 9).

D
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3 2

VDD

+—{] VOuT +
J_Cl

b1 VouT -

L] RL EE MPG6910A

—=C2

VD Vs
5,6,7.8 1.4

Figure 8: IC Supply Derived from Auxiliary
Winding in Low-Side Rectification
u1

—— Vs VD |——

MP6910A

VDD SENSE

R2

Figure 9: IC Supply Derived from Auxiliary
Winding in High-Side Rectification

There is another non-auxiliary winding solution
for the IC supply, which uses an external LDO
circuit from the secondary transformer winding
(see Figure 10 and Figure 11). Compared with
an auxiliary winding for the I1C supply, this
solution has a slightly higher power loss, which
is dissipated on the LDO circuit, especially
when the secondary winding voltage is high.

o% RS J_ -

{JvouT +

D2
D1 I

L R2 U1
3

SENSE VDD

VOUT -

MP6910A

. VD Vs
56,78 14

Figure 10: IC Supply Derived from Secondary
Winding in Low-Side Rectification
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Figure 11: IC Supply Derived from Secondary
Winding in High-Side Rectification

Maximum Output Current

The allowed temperature rise of the MP6910A
limits the maximum output current that it can
handle. The temperature rise is determined by
its own power loss. Generally, for a universal
input adapter, the recommended rated output
current for MP6910A is 2.5A. For certain
designs, the power loss of MP6910A can be
calculated to determine the maximum output
current.

The power loss of MP6910A can be separated
into several parts: controller consumption,
integrated MOSFET conduction loss, and so on.
If MP6910A works in continuous conduction
mode (CCM), reverse-recovery loss of the
integrated MOSFET must also be considered.
Each part of the loss can be calculated with
Equation (1), Equation (2), and Equation (3),
respectively:

P

LOSS _Controller — Voo X oo (1)

lS n

Ploss sr_conducion = fow x J Ver so (t)x ISR?SD(t)dt (2)
0

1

PLOSS_SR_RR = EX Vs X, xt, x g, (3

Where Vpp is the voltage and Ipp is the current
of MP6910A. ts on is the SR on period, Vsr sp is
the voltage drop from the SR, and Isg sp is the
current flowing through the SR. Iy is the peak
reverse current and t is reverse recovery time.

The total loss of MP6910A (PLoss) is the sum of
the above losses. If an RC snubber is adopted,
the power loss caused by this snubber should
also be taken into consideration.

The junction and case temperature rises can be
calculated with the thermal resistance of the
junction-to-ambient temperature (8;a) and
junction-to-case temperature (8ic).

MP6910A Rev. 1.2

www.MonolithicPower.com 10

5/26/2020 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2020 MPS. All Rights Reserved.



mFEWMPGMOA — FAST TURN-OFF SYNCHRONOUS RECTIFIER W/ INTEGRATED MOSFET

The junction temperature must be within ABS
(typically 150°C). Calculate AT;a and ATic with
Equation (4) and Equation (5):

AT)n =Ploss X054 (4)
ATy =Ploss X0,c (5)

The thermal resistance can be reduced by
laying thicker copper layer, placing more
thermal dissipation vias and adopting heatsinks
and so on. The real maximum output current
can be set by considering the real tested data.

MP6910A Rev. 1.2 www. MonolithicPower.com 11
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DETAIL "A"

NOTE:

1) CONTROL DIMENSION IS IN INCHES. DIMENSION IN
BRACKET IS IN MILLIMETERS.

2) PACKAGE LENGTH DOES NOT INCLUDE MOLD FLASH,
PROTRUSIONS OR GATE BURRS.

3) PACKAGE WIDTH DOES NOT INCLUDE INTERLEAD FLASH
OR PROTRUSIONS.

4) LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING)

SHALL BE 0.004" INCHES MAX.
5) DRAWING CONFORMS TO JEDEC MS-012, VARIATION AA.
6) DRAWING IS NOT TO SCALE.
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mFEWMPGMOA — FAST TURN-OFF SYNCHRONOUS RECTIFIER W/ INTEGRATED MOSFET

CARRIER INFORMATION

/OOOOOOOO

1

Pinl — 1| 1 1
Reel
Diameter

Feed Direction

Package Reel Carrier Carrier
Part Number Descri ?ion Quantity/Reel | Quantity/Tube | Quantity/Tray Diameter Tape Tape
b Width | _Pitch
MP6910AGS—-Z SOIC-8 2500 100 N/A 13in. 12mm 8mm
MP6910A Rev. 1.2 www. MonolithicPower.com 13
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Revision History

. Revision . Pages
Revision # Date Description Updated
1.2 05/25/2020 | Some min/max specifications are added in the EC table. Page 4

NOTICE: The information in this document is subject to change without notice. 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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