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The Future of Analog IC Technology

MP8712

High-Efficiency, 12A, 3V-18V,

Synchronous Step-Down Converter with
-~ Power Good, External Soft Start and OVP

DESCRIPTION

The MP8712 is a high-frequency, synchronous,
rectified, step-down, switch-mode converter.
The MP8712 offers a fully integrated solution
that achieves 12A of continuous and 15A of
peak output current with excellent load and line
regulation over a wide input supply range.

Constant-on-time (COT) control operation
provides fast transient response. An open-drain
power good pin (PG) indicates that the output
voltage is in the nominal range. Full protection
features include over-voltage protection (OVP),
over-current protection (OCP), and thermal
shutdown.

The MP8712 is available in a QFN-14
(3mmx4mm) package.

FEATURES

Wide 3V to 18V Operating Input Range

12A Continuous/15A Peak Output Current
1% Internal Reference Accuracy

Output Adjustable from 0.6V

15mQ High-Side, 4.5mQ Low-Side Ros(on)
for Internal Power MOSFETSs

500kHz Switching Frequency

External Soft Start (SS)

Open-Drain Power Good (PG) Indication
Output Over-Voltage Protection (OVP)
Hiccup Over-Current Protection (OCP)
Thermal Shutdown

Available in  a QFN-14 (3mmx4mm)
Package

APPLICATIONS

Solid-State Drives (SSD)

Flat-Panel Televisions and Monitors
Set-Top Boxes

Distributed Power Systems

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.
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MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

ORDERING INFORMATION

Part Number* Package Top Marking
MP8712GL QFN-14 (3mmx4mm) See Below

* For Tape & Reel, add suffix —-Z (e.g. MP8712GL-2)

TOP MARKING

MPYW
8712
LLL

MP: Product code of MP8712GL

Y: Year code

W: Week code

8712: First four digits of the part number
LLL: Lot number

PACKAGE REFERENCE

TOP VIEW
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MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

ABSOLUTE MAXIMUM RATINGS ("

VIN e -0.3V to 19V
VOW e eeenrrrrreeeeee e e e e -0.6V (-7V for <10ns) to
VIN + 0.7V (25V for <25ns)
L T Vsw + 4V
VBN t ettt et e e e e e et e e e e e e e e e e e e e e e 18V
VOUT ..t 7V
All other pins .....cccvvieiiiiiiee -0.3Vto 4V
Continuous power dissipation (Ta = +25°C) )
QFN-14 (3mmx4mm)........coeeiiiiireeiiieeeeenns 2.5W
Junction temperature .........cccccovvevviiiinennen. 150°C
Lead temperature .............coooooeeei 260°C
Storage temperature.................. -65°C to 150°C
Recommended Operating Conditions ©®
Supply voltage (VIN)......cccvveeeeiirnnnns 3V to 18V
Output voltage (VOUT)................... 0.6V to 5.5V

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

Thermal Resistance

QFN-14 (3mmx4mm) 6,4 0,c
EV8712-L-00A oo 30.......6.... °CIW
JESD51-7 @ 48.....11...°CIW
NOTES:

1) Exceeding these ratings may damage the device.

2) 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)/B,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.

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

4) Highly effective thermal conductivity test board for leaded
surface-mount packages.
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MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

ELECTRICAL CHARACTERISTICS
VIN =12V, T, = -40°C to +125°C ©®, typical value is tested at T, = +25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units
Supply current (shutdown) In Ven = OV 2.1 4 MA
Supply current (quiescent) lq Eg ivﬁ'gcg]o'/: %’REF 420 600 MA
HS switch on resistance HSrps.on | VesT.sw = 3.3V 15 mQ
LS switch on resistance LSrpsoon |Vce =3.3V 4.5 mQ
Switch leakage SWike ¥JEN==+2¥C\:/ sw =12V, 1 WA
Low-side valley current limit lLmiT L 14 A
Low-side negative current limit lumim LN OVP state -3 A
Low-side ZCD threshold lzcp T,=+25°C 200 mA

o fswi VIN =12V, VOUT = 1V 400 500 600 kHz
Switching frequency

fsw2 VIN =12V, VOUT = 5V 400 500 600 kHz
Minimum off time © TOFF MIN 185 ns
Minimum on time © tonun | VOUT = 0.6V 50 ns
T,=25°C 594 600 606

Reference voltage Vet 40°C<T,<125CO 591 500 509 mV
FB current Ik VOUT = 620mV 10 50 nA
EN rising threshold VEN RISING 1.1 1.2 1.3 \Y
EN threshold hysteresis VEN HYs 110 mV
EN to GND pull-down resistor Ren 1.5 MQ
;ﬁ'gsuh”(ﬂgrﬂ‘; ‘i’r']tgage lockout INUVys, 27 28 | 292 Y,
threshold hystoresis INWVirs 300 mv
Power good UV threshold rising PGVth-Hi |Good 0.86 0.9 0.94 Vout
power good UV threshold falling PGVth-Lo |Fault 0.81 0.85 0.89 Vout
Power good OV threshold rising PGVth-Hi |Fault 1.1 1.15 1.19 Vout
Power good OV threshold falling | PGVth-Lo |Good 1.01 1.05 1.09 Vout
Power good deglitch time PGTd 30 us
E:F\)A;ebrilﬁsod sink current Ve Sink 4mA 04 Vv
OVP rising threshold Vow rise |FB 121% 125% 129% VRer
OVP falling threshold Vovp Faling |FB 106% 110% 114% VRer
OVP delay Tovp 3.7 V&
Output pin absolute OV Vovp2 6.0 6.5 7.0 Vv
UVP threshold Ves uv v |Hiccup entry 55% 60% 65% VRer
UVP delay © Tuve 10 us
Soft-start current Iss 5 7 9 MA
MP8712 Rev.1.01 www.MonolithicPower.com 4
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MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

ELECTRICAL CHARACTERISTICS (continued)
VIN =12V, T, = -40°C to +125°C ©®, typical value is tested at T, = +25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units
VCC voltage Vece 3.5 \Y
VCC load regulation Ve req lcc = 20mA 3 %
Thermal shutdown © Trsp 160 °C
Thermal hysteresis © Trsp Hys 20 °C

NOTES:

5) Not tested in production, guaranteed by over-temperature correlation.
6) Guaranteed by design and characterization tests.

MP8712 Rev.1.01
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mE MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS

Performance waveforms are tested on the evaluation board.
VIN =12V, VOUT =1V, L = 1.5uH, Fs = 500kHz, T, = 25°C, unless otherwise noted.
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mE MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board.
VIN =12V, VOUT =1V, L = 1.5uH, Fs = 500kHz, T, = 25°C, unless otherwise noted.
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MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board.
VIN =12V, VOUT =1V, L = 1.5uH, Fs = 500kHz, T, = 25°C, unless otherwise noted.
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mE MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board.
VIN =12V, VOUT =1V, L = 1.5uH, Fs = 500kHz, T, = 25°C, unless otherwise noted.
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mps MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Performance waveforms are tested on the evaluation board.
VIN =12V, VOUT =1V, L = 1.5uH, Fs = 500kHz, T, = 25°C, unless otherwise noted.
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mE MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board.
VIN = 3V, VOUT = 0.9V, L = 0.47uH, Fs = 500kHz, T, = 25°C, unless otherwise noted.
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mE MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board.
VIN = 3V, VOUT = 0.9V, L = 0.47uH, Fs = 500kHz, T, = 25°C, unless otherwise noted.
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MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

PIN FUNCTIONS

QFN-14 i
Pin# Name |Description

Bootstrap. A capacitor is required between SW and BST to form a floating supply across

1 BST ! . . X
the high-side switch driver.

2 SW Switch output. Connect using a wide PCB trace.

3,4,6 NC No connection. Leave NC floating.

5 EN Enable. Drive EN high to enable the MP8712. EN has a 1.5MQ internal pull-down resistor
to GND. EN is a high-voltage pin and can be connected to VIN directly for auto start-up.

7 PG Power good indication. PG is an open-drain structure. PG is de-asserted if the output
voltage is out of the regulation window.
System power ground. PGND is the reference ground of the regulated output voltage.

8 PGND |PGND requires special consideration during the PCB layout. Connect PGND to the
ground plane with copper traces and vias.

9 VIN Supply voltage. The MP8712 operates from a 3V to 18V input rail. VIN requires a
ceramic capacitor to decouple the input rail. Connect VIN using a wide PCB trace.

10 VOUT | Output voltage sense. Connect VOUT to the positive terminal of the load.

11 FB Feedback. Connect FB to the tap of an external resistor divider from the output to GND to
set the output voltage.

12 SS Soft start set-up. Connect a capacitor from SS to ground to set the soft-start time.

13 VCC Internal LDO regulator output. Decouple VCC with a 0.47uF capacitor.

14 AGND Signal ground. AGND is not connected to PGND internally. Ensure that AGND is
connected to PGND in the PCB layout.

MP8712 Rev.1.01
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BLOCK DIAGRAM
VIN[ ]
o SRSEN
vce []7 Regulator Currrent Sense s
9 Amplifer
Bootstrap
Regulator _H«_T—_[
I
vouT [} On Timer s
I9 Driver
8urrent Limit C(c:)St-rrol vce RSE
EN [ Reference omparator T
LS
i | + Driver _|
a - +
Fe [J - Error Amplifier [

Currrent Sense

] BST

| sw

JPGND

| -_@_V%C Amplifer
i ] [7]

L - -
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Figure 1: Functional Block Diagram
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MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

OPERATION
PWM Operation

The MP8712 is a fully integrated, synchronous,
rectified, step-down, switch-mode converter.
The MP8712 uses constant-on-time (COT)
control to provide fast transient response and
ease loop stabilization. Figure 2 shows the
simplified ramp compensation block. At the
beginning of each cycle, the high-side MOSFET
(HS-FET) turns on whenever the ramp voltage
(Vrawp) is lower than the error amplifier output
voltage (Veao), which indicates an insufficient
output voltage. The on period is determined by
both the output voltage and input voltage to
make the switching frequency fairly constant
over the input voltage range.

After the on period elapses, the HS-FET enters
the off state. By cycling HS-FET between the
on and off states, the converter regulates the
output voltage. The integrated low-side
MOSFET (LS-FET) turns on when the HS-FET
is in its off state to minimize conduction loss.

Shoot-through occurs when both the HS-FET
and LS-FET are turned on at the same time,
causing a dead short between the input and
GND. Shoot-through  reduces efficiency
dramatically, so the MP8712 prevents this by
generating a dead time (DT) internally between
the HS-FET off and LS-FET on time and the
LS-FET off and HS-FET on time. The MP8712
enters either heavy-load operation or light-load
operation depending on the amplitude of the
output current.

REF

FB
RAMP

Figure 2: Simplified Compensation Block

Switching Frequency

The MP8712 uses COT control. There is no
dedicated oscillator in the IC. The input voltage
is forward fed to the one-shot on-timer through
the internal frequency resistor. The duty ratio is
kept as VOUT/VIN, and the switching frequency

is a fairly constant 500kHz over the input
voltage range.

Light-Load Operation

When the MP8712 works in light-load operation,
the MP8712 reduces the switching frequency
automatically to maintain high efficiency, and
the inductor current drops almost to zero. When
the inductor current reaches zero, the LS-FET
driver goes into tri-state (Hi-Z) (see Figure 3).
The output capacitors discharge slowly to GND
through R1 and R2. This operation improves
device efficiency greatly when the output
current is low.

Ton is constant
Current Modulator Time
Vm_> / /
/V\/\/\?— %w Vsw

Veao

Figure 3: Light-Load Operation

Light-load operation is also called skip mode
since the HS-FET does not turn on as
frequently as it does during heavy-load
condition. The HS-FET turn-on frequency is a
function of the output current. As the output
current increases, the current modulator
regulation time period becomes shorter, and the
HS-FET turns on more frequently. The switching
frequency increases as well. The output current
reaches critical levels when the current
modulator time is zero and can be determined
with Equation (1):

_ (Vin—Vour) x Vour 1
ouT 2xLxFswxVin ™M

The MP8712 enters pulse-width modulation
(PWM) mode once the output current exceeds
the critical level. Afterward, the switching
frequency remains fairly constant over the
output current range.

Operating without an External Ramp

The traditional COT control scheme is
intrinsically unstable if the output capacitor's
ESR is not large enough to be an effective
current-sense resistor. Ceramic capacitors

MP8712 Rev.1.01
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usually cannot be used as output capacitors.
The MP8712 has built-in internal ramp
compensation to ensure that the system is
stable even without the help of the output
capacitor's ESR. A pure ceramic capacitor
solution can reduce output ripple, total BOM
cost, and board area significantly.

VCC Regulator

A 3.5V internal regulator powers most of the
internal  circuitries. A 470nF  decoupling
capacitor is needed to stabilize the regulator
and reduce ripple. This regulator takes the VIN
input and operates in the full VIN range. After
EN is pulled high and VIN is greater than 3.5V,
the output of the regulator is in full regulation.
When VIN is lower than 3.5V, the output

voltage decreases and follows the input voltage.

A 0.47uF ceramic capacitor is required for
decoupling purposes.

Error Amplifier (EA)

The error amplifier (EA) compares the FB
voltage against the internal 0.6V reference
(REF) and outputs a PWM signal. The
optimized internal ramp  compensation
minimizes the external component count and
simplifies the control loop design.

Enable (EN)

EN is a digital control pin that turns the
regulator on and off. Drive EN high to turn on
the regulator; drive EN low to turn off the
regulator. An internal 1.5MQ resistor is
connected from EN to ground. EN can operate
with an 18V input voltage, which allows EN to
be connected to VIN directly for automatic start-
up.

Under-Voltage Lockout (UVLO)

Under-voltage lockout (UVLO) protects the chip
from operating at an insufficient supply voltage.
The MP8712 UVLO comparator monitors both
the input voltage (VIN) and the output voltage
(VOUT) of the VCC regulator. The MP8712 is
active when both voltages exceed the UVLO
rising threshold.

Soft Start (SS) and Pre-Bias Start-Up

Soft start prevents the converter output voltage
from overshooting during start-up. When the
chip starts up, the internal circuitry generates a
soft-start voltage (SS) that ramps up from OV to
VCC. When SS is lower than REF, the error

amplifier uses SS as the reference. When SS is
higher than REF, the error amplifier uses REF
as the reference.

The approximate typical soft-start time can be
calculated with Equation (2):

(V) xC(nF)
TuA

If the output of the MP8712 is pre-biased to a
certain voltage during start-up, the IC disables
the switching of the high-side and low-side until
the voltage on the internal soft-start capacitor
exceeds the sensed output voltage at FB.

Over-Current Protection (OCP)

The MP8712 has hiccup, cycle-by-cycle, and
over-current limiting control. The current-limit
circuit employs both the high-side current limit
and the Ilow-side (valley) current-sensing
algorithm. The MP8712 uses the Rpson) Of the
LS-FET as a current-sensing element for the
valley current limit. If the magnitude of the high-
side current-sense signal is above the current-
limit threshold, the PWM on pulse is terminated,
and the low side is turned on. Afterward, the
inductor current is monitored by the voltage
between GND and SW. GND is used as the
positive current sensing node, so GND should
be connected to the source terminal of the
bottom MOSFET. PWM is not allowed to initiate
a new cycle before the inductor current falls to
the valley threshold.

t, (ms) =2 @)

After the cycle-by-cycle over-current limit
occurs, the output voltage drops until VOUT is
below the under-voltage (UV) threshold,
typically 60% below the reference. Once UV is
triggered, the MP8712 enters hiccup mode to
restart the part periodically. This protection
mode is especially useful when the output is
dead-shorted to ground. The average short-
circuit current is reduced greatly to alleviate
thermal issues and protect the regulator. The
MP8712 exits hiccup mode once the over-
current condition is removed.

MP8712 Rev.1.01
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Power Good (PG)

Power good (PG) indicates whether the output
voltage is in the normal range compared to the
internal reference voltage. PG is an open-drain
structure. An external pull-up supply is needed.
During power-up, the PG output is pulled low.
This indicates to the system to remain off and
keep the load on the output to a minimum. This
helps reduce inrush current at start-up.

When the output voltage is between 90% and
115% of the nominal voltage and the soft start
is finished, the PG signal is pulled high. When
the output voltage is lower than 85% after the
soft start finishes, the PG signal remains low.
When the output voltage is higher than 115% of
the nominal voltage, PG is switched low. The
PG signal rises high again after the output
voltage drops below 105% of the nominal
voltage.

PG uses a deglitch time whenever VOUT
crosses the UV/OV rising and falling threshold.
The PG output is pulled low immediately when
either EN UVLO, input UVLO, OCP, or OTP is
triggered.

Input Over-Voltage Protection (VIN OVP)

The MP8712 monitors VIN to detect an input
over-voltage (OV) event. This function is only
active when the output is in OV. When the
output is in an over-voltage protection (OVP)
state, output discharge is enabled, charging the
input voltage high. When the input voltage
exceeds the input OVP threshold, both the HS-
FET and LS-FET stop switching.

Output Over-Voltage Protection (OVP)

The MP8712 monitors FB to detect an over-
voltage event. When the FB voltage becomes
higher than 125% of the internal reference
voltage, the controller enters dynamic
regulation mode, and the input voltage may be
charged up during this time. When input OVP is
triggered, the IC stops switching. Once the
input voltage drops below the VIN OVP
recovery threshold, the IC begins switching.
OVP auto-retry mode occurs only if the soft
start finishes.

Dynamic regulation mode is defined as turning
on the low side until the low-side negative
current limit is triggered, and then the body
diode of the HS-FET freewheels the current.
The output power charges to the input, which
may trigger a VIN OVP function. In VIN OVP,
neither the HS-FET or LS-FET turn on and stop
charging VIN to a higher voltage. If the output is
still over-voltage and the input voltage has
dropped below the VIN OVP threshold, repeat
dynamic regulation mode. If the output voltage
is lower than 110% of the internal reference
voltage, then output OVP is exited.

Output Absolute Over-Voltage Protection
(OVP_ABS)

The MP8712 monitors VOUT to detect absolute
over-voltage protection. When VOUT is larger
than 6.5V, the controller enters dynamic
regulation mode. Absolute OVP can work once
both the input voltage and EN are higher than
their rising thresholds. Therefore, this function
can work even in a soft-start period.

Thermal Shutdown

Thermal shutdown prevents the chip from
operating at exceedingly high temperatures.
When the silicon die temperature exceeds
160°C, the entire chip shuts down. When the
temperature is less than its lower threshold
(typically 140°C), the chip is enabled again.

Floating Driver and Bootstrap Charging

An external bootstrap capacitor powers the
floating power MOSFET driver. This floating
driver has its own UVLO protection. This
UVLO’s rising threshold is 2.4V with a
hysteresis of 150mV. The bootstrap capacitor
voltage is regulated internally by VIN through
D1, M1, C4, L1, and C2 (see Figure 4). If Vgsr -
Vsw exceeds 3.3V, U1 regulates M1 to maintain
a 3.3V BST voltage across C4.

MP8712 Rev.1.01

www.MonolithicPower.com 17

3/28/2017 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2017 MPS. All Rights Reserved.



mps MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

VOUT

Figure 4: Internal Bootstrap Charging Circuit

Start-Up and Shutdown

If both VIN, VCC, and EN exceed their
respective thresholds, the chip starts up. The
reference block starts first, generating stable
reference voltages and currents, and then the
internal regulator is enabled. The regulator
provides a stable supply for the remaining
circuitries. Several events can shut down the
chip: EN low, VIN low, VCC low, and thermal
shutdown. In the shutdown procedure, the
signaling path is first blocked to prevent any
fault triggering. Veao and the internal supply rail
are then pulled down.

MP8712 Rev.1.01 www.MonolithicPower.com
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APPLICATION INFORMATION

Setting the Output Voltage

The MP8712 output voltage can be set by the
external resistor dividers. The reference voltage
is fixed at 0.6V.

The feedback network is shown in Figure 5.

VOUT

R1
Rt

R2

Figure 5: Feedback Network
Choose R1 and R2 using Equation (3):

R2 = @)

Vour _

0.6V

Table 1 lists the recommended feedback
resistor values for common output voltages.

Table 1: Resistor Selection (fgr Common Output

Voltages
Vour (V) | R1(kQ) | R2 (kQ) | Rt (kQ) | L (pH)
1.0 80.6 120 10 1.5
1.2 80.6 80.6 10 1.5
1.5 80.6 53.6 10 1.5
1.8 80.6 40.2 10 1.5
25 80.6 255 10 2.2
3.3 80.6 17.8 10 2.2
5 80.6 11 10 3.3

NOTE:

7) The recommended parameters are based on a 12V input
voltage and 22uFx4 output capacitor. Different input voltage
and output capacitor values may affect the selection of R1
and R2. For other component parameters, please refer to
the Typical Application Circuits on page 22 to page 25.

Selecting the Inductor

For most applications, use a 0.47uH to 5uH
inductor with a DC current rating at least 25%
higher than the maximum load current. For the
highest efficiency, use an inductor with a DC
resistance less than 5mQ.

For most designs, the inductance value can be
derived from Equation (4):

Vour *(Vin = Vour )
Vin XAl x fosc (4)

1

Where Al, is the inductor ripple current.

Choose the inductor ripple current to be
approximately 30% of the maximum load
current. The maximum inductor peak current
can be calculated with Equation (5):

| lLonp + L
L(MAX) = lLoap t—~
(MAX) 2 (5)
Use a larger inductor for improved efficiency
under light-load conditions below 100mA.

Selecting the Input Capacitor

The input current to the step-down converter is
discontinuous and therefore requires a
capacitor to supply AC current to the step-down
converter while maintaining the DC input
voltage. Use low ESR capacitors for the best
performance. Ceramic capacitors with X5R or
X7R dielectrics are recommended because of
their low ESR and small temperature
coefficients. For most applications, use two
22uF capacitors. Since C1 absorbs the input
switching current, it requires an adequate ripple
current rating. The RMS current in the input
capacitor can be estimated with Equation (6):

lc1 = lLoap X \/VOUT X[1—V0UT J
Vi Vi

(6)

The worst-case condition occurs at VIN =
2VOUT, shown in Equation (7):

log = lLoap
2 (7)

For simplification, choose an input capacitor
with an RMS current rating greater than half of
the maximum load current. The input capacitor
can be electrolytic, tantalum, or ceramic. When
using electrolytic or tantalum capacitors, add a
small, high-quality ceramic capacitor (e.g.:
0.1uF) placed as close to the IC as possible.
When using ceramic capacitors, ensure that
they have enough capacitance to provide a
sufficient charge to prevent excessive voltage
ripple at the input.

MP8712 Rev.1.01
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The input voltage ripple caused by capacitance
can be estimated with Equation (8):

AV, = fILOAD y Vour < 1— Vour
< xC1 VN Vi

(8)
Selecting the Output Capacitor

The output capacitor (C2) maintains the DC
output voltage. Use ceramic, tantalum, or low-
ESR electrolytic capacitors. For best results,
use low ESR capacitors to keep the output
voltage ripple low. The output voltage ripple can
be estimated with Equation (9):

VOUT X[»I_ VOUTJX[RESR + 1 J
fS XL1 \/IN 8XfS XCZ (9)
Where L, is the inductor value, and Rgsr is the

equivalent series resistance (ESR) value of the
output capacitor.

AVOUT =

For ceramic capacitors, the capacitance
dominates the impedance at the switching
frequency, and the capacitance causes the
majority of the output voltage ripple. For
simplification, the output voltage ripple can be
estimated with Equation (10):

AV _ VOUT x [1 _ VOUT j
ouT —
8Xf32XL1XCZ \/IN (10)

For tantalum or electrolytic capacitors, the ESR
dominates the impedance at the switching
frequency. For simplification, the output ripple
can be approximated with Equation (11):

AVour = Your X (1 _Your jx Resr

fg xL, VN (11)
The characteristics of the output capacitor also
affect the stability of the regulation system. The
MP8712 can be optimized for a wide range of
capacitance and ESR values.

External Bootstrap Diode

An external bootstrap diode can enhance the
efficiency of the regulator given the following
conditions:

e VOUTIis 5V or 3.3V

e Duty cycle is high: D > 50%

In these cases, add an external BST diode from
VCC to BST (see Figure 6).

External BST Diode
IN4148

BST K——ovcce
_L CBST

MP8712 e
SW ij
L C

out I

Figure 6: Optional External Bootstrap Diode to
Enhance Efficiency

The recommended external BST diode is
1N4148, and the recommended BST capacitor
value is 0.1uF to 1uF.

Connecting VCC to VIN at a Low Input
Voltage

VCC can be connected to VIN directly when
VIN is lower than 3.5V. This helps improve the
MP8712's low input voltage efficiency
performance. To use this application set-up, the
VIN spike voltage must be limited below 4V;
otherwise, VCC could be damaged.
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PCB Layout Guidelines ®

Efficient PCB layout is critical for stable
operation. A four-layer layout is strongly
recommended to achieve better thermal
performance. For best results, refer to Figure 7
and follow the guidelines below.

1. Place the high current paths (PGND, VIN,
and SW) very close to the device with short,
direct, and wide traces.

2. Keep the VIN and PGND pads connected
with large coppers.

3. Use at least two layers for the VIN and
PGND trace to achieve better thermal

MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

4. Add several vias close to the VIN and
PGND pads to help with thermal dissipation.

5. Place the input capacitors as close to VIN
and PGND as possible.

6. Place the decoupling capacitor as close to
VCC and PGND as possible.

7. Place the external feedback resistors next
to FB.

8. Ensure that there is no via on the FB trace.

9. Keep the switching node (SW) short and
away from the feedback network.

10. Keep the BST voltage path (BST, C3, and
SW) as short as possible.
NOTE:

8) The recommended layout is based on the Typical
Application Circuits on page 22 to page 25.

DO NOT CONNECT
TO PGND HERE

performance.
AGND KELVIN
CONNECT TO PGND @)(©)(&)
AT VCC CAP @0
SN@NP)
@00

C2 C

At least two layers

should be applied
for Vin and PGND
and place >20 vias
close to the part for
a better thermal

performance
[ -Top Layer
O © O O --Inner PGND Layer
| —Inner Layer2
= O O O “# #  --Bottom Vin Layer
{1 -Bottom Layer
SR SENSINS ® -
@ ~Via For AGND

Figure 7: Recommended Layout

Design Example

Table 2 is a design example following the
application guidelines for the specifications.

Table 2: Design Example

Vin 12V, 3V
Vour 1V
lour 12A

The detailed application schematics are shown
in Figure 8 through Figure 17. The typical

performance and circuit waveforms are shown
in the Typical Performance Characteristics
section. For more device applications, please
refer to the related evaluation board datasheets.
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TYPICAL APPLICATION CIRCUITS

R3 C3
0Q  01pF
1 L1
VINo VIN BST 1.5uH 1V/12A
sw 2 oVOUT
EN J_ c2 J_C2A J_CZB J_czc
22uF T 22uF T 22uF T 22uF
vce vour [
MP8712
ENo Ra R1 J_ c4
PGo PG y 10kQ 80.6kQT22pF
3,4,6 FB VW
— 3481 NG o
12
Ss 120kQ
AGND  PGND
14 8
cé
T22nF
<~ =
Figure 8: VIN =12V, VOUT =1V, lgyt = 12A
R3  C3
0Q  0.1pF
1 L1
12V
VINo *{vin BST , 1.5uH 1.2VH2A
l l l % R5 swW oVOUT
ct Lcia Lcis 499KQ J_ J_ l J_
224F T 22uF T0.1uF 5 c2 lcoa Lcas Lcac
I ¥ I ¥ I ¥ EN 22uF T 22uF T 22uF T 22uF
= = = vee vouT [
MP8712 - ] )
ENo R4 R1 l c4
PGo PG » 10kQ 80.6kQT22pF
FB VA
3,4,6 NC ” R2
SS 80.6kQ
AGND  PGND
14 8
cé
T22nF
<~ =
Figure 9: VIN =12V, VOUT = 1.2V, loyr = 12A
R3 C3
0Q  0.1yF
L1
12v
VINo VN BST , 1.50H 15VH12A
l l l % R5 swW ’ oVOUT
ct LeciaLlcis 499kQ) J_ J_ J_ J_
224F T22pF T0.1pF 5 c2 lcoa Lcas Lcac
I ¥ ¥ I . EN 22uF T 22uF T 22uF T 22uF
= = = vce VOuT 10
MP8712 ) B B
ENo Ré Ri L ca
PGo PG . 10kQ 80.6kQT22pF
FB VA
3,4,6 NC " R2
SS 53.6kQ
AGND  PGND
14| 8
c6
T 22nF
~ =

Figure 10: VIN =12V, VOUT = 1.5V, lgyr = 12A
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TYPICAL APPLICATION CIRCUITS (continued)

R3 C3
0Q  0.1pF
1 L1
VIN BST , 1.50H 1.8V/12A
swW oVOUT
EN J_ c2 J_CZA J_czs J_czc
20uF T 220F T 22uF T 22uF
vce vour |2
MP8712 ) ] B
R4 R1 J_ c4
PG y 10kQ 80.5kQT22pF
FB VA
3,4,6 NC " R2
SS 40.2kQ
AGND  PGND
14| 8
cé
T22nF
A\ =
Figure 11: VIN = 12V, VOUT = 1.8V, loyt = 12A
R3 C3
0Q  0.1yF
1 L1
12v
VINo VN BST 22uH 2.5V/12A
l l l % R5 sw 2 oVOUT
ct LeciaLlcis 499kQ) J_ J_ J_ J_
220F T22pF T0.1uF 5| En c2 lcoa Lcos Lcac
22uF T 22uF T 22uF T 224F
= = = vce vour 2
MP8712 ) ] B
ENo Ré R L ca
PGo PG . 10kQ 80.6kQT22pF
FB VA
3,4,6 NC " R2
SS 25.5kQ
AGND  PGND
14| 8
c6
T 22nF
A\ =
Figure 12: VIN =12V, VOUT = 2.5V, loyt = 12A
R3  C3
00  0.1pF
: L1
12v
VINo 1VIN BST 224H 33V/12A
l l l % R5 sw 2 oVOUT
ct LciaLlcis 499KkQ J_ J_ J_ J_
22uF T22uF TO0.1uF s en c2 lcoa Llcos Lcac
22uF T 22uF T 22uF T 22uF
= = = vce vour {2
MP8712
ENo R Ri L ca
PGo PG 10kQ 80.6kQT 22pF
FB |2 W
3,4,6 NC ” R2
SS 17.8kQ
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Figure 13: VIN = 12V, VOUT = 3.3V, loyr = 12A
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MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL APPLICATION CIRCUITS (continued)

R3  C3
0Q  0.1pF
1 L1
BST 3.3uH
VIN 5V/12A
sw [Ee—"""M oVOUT
EN J_ c2 J_C2A J_czs J_czc
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MP8712
R4 R1 J_ Cc4
PG 10kQ 80.60T 22pF
FB |2 VWA
3,4,6 NC b R2
SS 11kQ
AGND  PGND
14 8
cé
T22nF

N =

Figure 14: VIN = 12V, VOUT =5V, loyr = 12A ©

NOTE:
9) Based on the evaluation board test result at 25°C ambient temperature. A lower input voltage will trigger over-temperature protection with
full load.
R3 C3
00  0.1yF
1 L1
BST 0.47uH
VIN ) rwt‘ﬂ 0.9V/12A
sw oVOUT
EN J_ c2 J_CZA J_czs J_czc
22uF T 22uF T 22uF T 22uF
vee vour [ I I I I
MP8712 ) ) ) )
R4 R1 l Cc4
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" 10kQ %SO.GKQT NS
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14 8
c6
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<~ =
Figure 15: VIN = 3V, VOUT = 0.9V, loyt = 12A
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Figure 16: VIN = 3V, VOUT = 1.2V, Iyt = 12A
MP8712 Rev.1.01 www.MonolithicPower.com 24

3/28/2017

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2017 MPS. All Rights Reserved.



mes

MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL APPLICATION CIRCUITS (continued)

R3 C3
0Q  0.1yF
BST
VIN 1.8V/12A
sw [2 AAS J_ oVOUT
c2
EN 22uF
vee vour {2 I
MP8712 -
PG % R1 J_ ca4
80.6kQT NS
FB (1 T
3481 NC 12 R2
Ss 40.2kQ
AGND  PGND 1
14| 8
c6
T22nF
~ =
Figure 17: VIN = 3V, VOUT = 1.8V, Iyt = 12A
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mps MP8712 — 18V, 12A, SYNCHRONOUS STEP-DOWN CONVERTER

PACKAGE INFORMATION
QFN-14 (3mmx4mm)
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RECOMMENDED LAND PATTERN

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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