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Manufacturer Product Number:

MP3428GL-Z

Series:

Function:

Step-Up

Topology:

Boost

Number of Outputs:

1

Voltage - Input (Max):
20V

Voltage - Output (Max):
20V

Freguency - Switching:

450kHz ~ 690kHz

Operating Temperature:

-40°C ~ 125°C (T))
Package / Case:
22-PowerVFQFN

Base Product Number:

MP3428

Environmental & Export classification

RoHS Status:
ROHS3 Compliant
REACH Status:
REACH Unaffected
HTSUS:

8542.39.0001

Manufacturer:

Monolithic Power Systems Inc.

Product Status:

Not For New Designs
Output Configuration:
Positive

Output Type:
Adjustable

Voltage - Input (Min):
3V

Voltage - Output (Min/Fixed):

3V

Current - Output:

17A (Switch)
Synchronous Rectifier:
Both

Mounting Type:

Surface Mount

Supplier Device Package:

22-QFN (3x4)

Moisture Sensitivity Level (MSL):

1 (Unlimited)
ECCN:
EAR99

DiGi is a global authorized distributor of electronic components.



MP3428GL-Z Monolithic Power Systems Inc. IC REG BOOST ADJ 17A 22QFN

®

The Future of Analog IC Technology -

MP3428

17A, 600kHz, 20V Wide Input Range,
Synchronous Boost Converter
in a small 3x4mm QFN Package

DESCRIPTION

The MP3428 is a 600kHz fixed-frequency, high-
efficiency, wide input range, current-mode
boost converter with optional internal or
external current-sensing configuration for high-
integration and high-power applications. With a
current limit above 17A, the MP3428 supports a
wide range of applications including POS,
Thunderbolt, Bluetooth Audio, Power Banks,
and Fuel Cells. The MP3428 features a 10mQ,
24V power switch and a synchronous gate
driver for high efficiency. An external
compensation pin gives the user flexibility in
setting loop dynamics and obtaining optimal
transient performance at all conditions.

The MP3428 includes under-voltage lockout
(UVLO), switching-current limiting and thermal
shutdown (TSD) to prevent damage in the
event of an output overload.

The MP3428 is available in a low-profile 22-pin
3mmx4mm QFN package.

FEATURES

3V-t0-20V Wide Input Range

Integrated 10mQ Low-Side Power FET

SDR Driver for Synchronous Solution

>17A Switch-Current Limit

Up to 97.5% Efficiency

Optional Internal/External Current-

Sensing Configuration

e External Soft-Start and Compensation for
Higher Flexibility

e Programmable UVLO and Hysteresis

e < 1pA Shutdown Current

e Thermal Shutdown at 150°C

¢ Available in a 3x4mm QFN-22 Package

APPLICATIONS

Thunderbolt Interface
Notebooks and Tablets
Bluetooth Audio

Power Banks

Fuel Cells

POS Systems

All MPS parts are lead-free and adhere to the RoHS directive. For MPS green
status, please visit MPS website under Products, Quality Assurance page.

“MPS” and “The Future of Analog IC Technology” are registered trademarks of
Monolithic Power Systems, Inc.

TYPICAL APPLICATION
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MP3428GL-Z Monolithic Power Systems Inc. IC REG BOOST ADJ 17A 22QFN

mP£|°P3428 —17A, 600KHZ, 20V WIDE INPUT RANGE ,SYNCHRONOUS BOOST CONVERTER IN ASMALL 3X4MM QFN PACKAGE

ORDERING INFORMATION

Part Number* Package Top Marking
MP3428GL QFN-22 (3mmx4mm) See Below

* For Tape & Reel, add suffix —-Z (e.g. MP3428GL-2);
TOP MARKING

MPYW
3428
LLL

MP: MPS prefix:

Y: year code;

W: week code:

3428: first four digits of the part number;
LLL: lot number;

PACKAGE REFERENCE

TOP VIEW
SW SW PGND PGND
20 19 18 17
BST |1 16, AGND
SDR |2 15| ss
ouT |3 14 FB
SW PGND
21 22
EN 4 13, COMP
MODE |5 12| VDD
SENSE |6 1IN
7 8 9 10
SW SW PGND PGND

MP3428 Rev. 1.0 www.MonolithicPower.com 2
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MP3428GL-Z Monolithic Power Systems Inc. IC REG BOOST ADJ 17A 22QFN

mP£|°P3428 —17A, 600KHZ, 20V WIDE INPUT RANGE ,SYNCHRONOUS BOOST CONVERTER IN ASMALL 3X4MM QFN PACKAGE

ABSOLUTE MAXIMUM RATINGS @

SW.iiiienn, —0.3V to +24V (28V for <10ns)
IN, SENSE, OUT ... —0.3V to +24V
MODE .....cccceeeviie e —-0.3V to Vin+5.5V
BST, SDR ...ooeiiviieeeeiieeeee —0.3V to Vsw+5.5V
All Other PiNS........coccvvvieveeeeeinns —0.3V to +5.5V
EN bias current.................ooeeiinn. 0.5mA®
Junction Temperature...........ccccevvvveeeeennn. 150°C
Lead Temperature ..........cccceuvvvvevvnnnnnnnnnnnns 260°C
Storage Temperature............... -65°C to +150°C
Continuous Power Dissipation (Ta= +25°C)®
................................................................... 2.6W
Recommended Operating Conditions ®
Supply Voltage ViN....coevvvviiiiiiieiieenin, 3V to 20V
Output Voltage VouT.....ceeveeeeeeeeeeeneeenn. Vin to 22V
EN bias current..................... OmA to 0.3mA®@

Operating Junction Temp.(T;).. -40°C to +125°C

Thermal Resistance ® @52 6ic
QFN-22 (3mmx4mm) .... 48 11 °CIW

Notes:

1) Exceeding these ratings may damage the device.

2) Refer to “Enable and Programmable UVLO” section

3) 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)/0;1. Exceeding the maximum allowable power
dissipation will cause excessive die temperature, and the
regulator will go into thermal shutdown. Internal thermal
shutdown circuitry protects the device from permanent
damage.

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

5) Measured on JESD51-7, 4-layer PCB.

MP3428 Rev. 1.0
10/10/2019
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MP3428GL-Z Monolithic Power Systems Inc. IC REG BOOST ADJ 17A 22QFN

mP£|°P3428 —17A, 600KHZ, 20V WIDE INPUT RANGE ,SYNCHRONOUS BOOST CONVERTER IN ASMALL 3X4MM QFN PACKAGE

ELECTRICAL CHARACTERISTICS
Vin = Ven = 3.3V, T; = -40°C to 125°C, typical value is tested at 25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units
Operating Input Voltage Vin 3 20 \
Input UVLO INuvior | Vin Rising 2.6 2.68 2.76 V
Input UVLO Hysteresis INuvLO-HYS 250 mV
Operating VDD Voltage Vbp Vin=12V 5 V
Ven = 0V, Measured on
Shutdown Current Isp IN pin, T=25°C 1 MA
Quiescent Current lo Vra = .1'35\/' Measured 600 750 [PAN
on IN pin
I T3=25°C 510 600 690
Switching Frequency Fs T,=-40°C to 125°C 250 690 kHz
Minimum Off Time Tmin-orr | Ves = OV 220 ns
Minimum On Time ) TmiN-ON 120 ns
EN Turn-On Threshold Venon | Ven Rising (switching) 1.27 1.33 1.39 \
EN High Threshold VEN-H Ven Rising (micro power) 1.0 \
EN Low Threshold Ven, | Vv Falling - (microf 4 v
power)
EN Turn-On Hysteresis Current len-Hys  |1.0V<EN<1.4V 3 4.5 6 A
EN Input Bias Current [en Ven =0V, 3.3V 0 A
Soft-Start Charge Current Iss 5 7 9 A
T,=25°C 1.212 1.225 1.238
FB Reference Voltage VFe  [7,-40°C 10 125°C 1207 | 1.225 | 1.243 v
FB Input Bias Current 5] Ves=1V -50 nA
. . Cload=2.7nF, Test from
™ A )
SDR Rise Time TspR_Rise 10% to 90% 20 ns
. Cload=2.7nF, Test from
) )
SDR Fall Time Tspr_Fall 90% to 10% 30 ns
Error Amp Voltage Gain® Av_EA 300 VIV
Error Amp Transconductance Gea 160 JA/V
Error Amp Max Output Current Vrs=1V or 1.5V 22 A
Current to COMP Gain Gces Vmobe=GND 27 AV
. MODE pin float,
Sense to COMP Gain Gxcs AVsense/AVeowr 103 mV/V
Comp Threshold for Switching @ Vpsm 0.5 \Y
Comp High Clamp 1.8 \
SW On Resistance Ron 10 mQ
Vmope=GND,
SW Current Limit lLmT Duty Cycle 40%, 17 22 A
T;=25°C
Eiﬁﬁtma' Sense Average-Current| | \MODE pin float 45 54 63 mv
External Sense-Current Limit .
Protection Time TeL MODE pin float 1.1 ms
Thermal Shutdown( Tsp 150 °C
Thermal Shutdown Hysteresis) | Tsp-ys 25 °C
Notes:
6) Guaranteed by Design.
7) Guaranteed by engineering sample Characterization, not tested in production.
MP3428 Rev. 1.0 www.MonolithicPower.com 4

10/10/2019

© 2019 MPS. All Rights Reserved.

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.




MP3428GL-Z Monolithic Power Systems Inc. IC REG BOOST ADJ 17A 22QFN

mP£|°P3428 —17A, 600KHZ, 20V WIDE INPUT RANGE ,SYNCHRONOUS BOOST CONVERTER IN ASMALL 3X4MM QFN PACKAGE

TYPICAL CHARACTERISTICS
Vin = Ven = 3.3V, Vour = 12V, L = 2.2puH, Ta = 25°C, unless otherwise noted.
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MP3428GL-Z Monolithic Power Systems Inc. IC REG BOOST ADJ 17A 22QFN

mP£|°P3428 —17A, 600KHZ, 20V WIDE INPUT RANGE ,SYNCHRONOUS BOOST CONVERTER IN ASMALL 3X4MM QFN PACKAGE

TYPICAL CHARACTERISTICS (continued)
Vin = Ven = 3.3V, Vour = 12V, L = 2.2puH, Ta = 25°C, unless otherwise noted.
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MP3428GL-Z Monolithic Power Systems Inc. IC REG BOOST ADJ 17A 22QFN

mPSi'Puza —17A, 600KHZ, 20V WIDE INPUT RANGE ,SYNCHRONOUS BOOST CONVERTER IN ASMALL 3X4MM QFN PACKAGE

TYPICAL PERFORMANCE CHARACTERISTICS
VN = 3V, VouTt = 12V, L= 2.2|.lH, |OUT=2A, COUT=22|JF*3, VMODEszoat, RSENSE=4mQ Ta= 25°C, unless

otherwise noted.

Efficiency vs. Output
Current
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MP3428GL-Z Monolithic Power Systems Inc. IC REG BOOST ADJ 17A 22QFN

mP£|°P3428 —17A, 600KHZ, 20V WIDE INPUT RANGE ,SYNCHRONOUS BOOST CONVERTER IN ASMALL 3X4MM QFN PACKAGE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

VN = 3V, VouTt = 12V, L= 2.2|.lH, |OUT=2A, COUT=22|JF*3, VMODEszoat, RSENSE=4mQ Ta= 25°C, unless
otherwise noted.

Steady State Steady State V|N Start-Up
IOUT=0'01A IOUT=2A V|N=8.4V, IOUT=0'01A
— ——— S —— e T
VOUT [JM“"““‘;, . o s frig] VOUTﬁ\ WMW ]
AC Coupled o o | AC Coupled S : : 4
200mV/div. | . o 200mvidiv. | R
Vour
..................... 5V/div. 7
ViN
hgal 2 STEUEIREHEANA PO
Vin ViN [ 5Vidiv.
vrdiv. 2 . 2vidiv.zf Ve
Vsw 3 . | )} 1 VSWE‘ 10V/div.
10Vidiv. T ' 10V/div. | ]
| s W b
5A/div. %] ; : : 5A/div. 2A/div. 7]
40us/div. 1pus/div. 2ms/div.
VN Start-Up VIN Shutdown ViN Shutdown
V|N=8.4V, IOUT=2A V|N=8.4V, IOUT=0'01A V|N=8.4V, IOUT=2A
............... T i 3
.......... ] oo el
Vour |7 VOL_JT : E N our P
SVIdiV. [’ 0T SV/div.gp : N 5V/div. T}
ViN V_"“r L] . VIN
5Vidiv. | 5V/div. ‘%W- i
VSW' VS_WB\" ....... Vv )
10V/div. 10V/div. 10V, /gl‘\’lv
L o e i { N R
sA/div. Pk : : 2A/div. B} : s 5A/div. [ | s
2ms/div 20ms/div 2ms/div
EN Start-Up EN Start-Up EN Shutdown
IOUT=0'O1A IOUT=2A IOUT=0'01A
..... T ; 3
Vour ..._...............m...._ Vour _______/ Vour
5Vidw, o svidiv.0F I 5V/div.g ....................... 4
VEN I3 VENE| VEN
5V/d'?\'z i 5V/div. 5V/div.
V. [ S VSWB‘ VSW"
1ow§'i\\'x 10V/div. 10V/div.
L o E U B b i WG+
2A/div. Bt Y . 5A/div. it ; 2A/div. BE s
2ms/div 2ms/div 20ms/div
MP3428 Rev. 1.0 www.MonolithicPower.com 8

10/10/2019

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



MP3428GL-Z Monolithic Power Systems Inc. IC REG BOOST ADJ 17A 22QFN

mPSi'Puza —17A, 600KHZ, 20V WIDE INPUT RANGE ,SYNCHRONOUS BOOST CONVERTER IN ASMALL 3X4MM QFN PACKAGE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

ViN = 3V, Vout = 12V, L= 2.2|J.H, |0UT:2A, COUTZZZHF*?), VMODE:float, RSENSE=4mQ Ta= 25°C, unless
otherwise noted.

EN Shutdown Load Transient Load Transient
IOUT=2A V|N=6V, |0UT=0.2-1A@25mA/pS V|N=6V, IOUT=1'2A@25mA/pS
: : A R Vot f\ — Vourg A —
Vour _ _ ey AC Coupled ; -/ |AcCoupled : o
5V%Lijv.ﬁ\' o o B AU . A L O WVidiv. i : -
V, i i : ; | i i . i . . i i VlN
5V/d|?\’;l. _ oo iv. Sl o 5V/Hdiv.*
Vsw : : S SR
10V/div. : : o

10V/div. : St

lLoap : e
2A/div.B¢

IL
5A/div. ]

2ms/div

400ps/div

]
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MP3428GL-Z Monolithic Power Systems Inc. IC REG BOOST ADJ 17A 22QFN

mP£|°P3428 —17A, 600KHZ, 20V WIDE INPUT RANGE ,SYNCHRONOUS BOOST CONVERTER IN ASMALL 3X4MM QFN PACKAGE

PIN FUNCTIONS

Package _
Pin # Name |Description

1 BST |Bootstrap. BST powers the SDR driver.

2 SDR | Synchronous Gate Driver for the Output Rectifier.

3 ouT Sample Output Voltage. OUT provides the sample output voltage and the charge for the
BST capacitor. VDD is powered from OUT when Vour is higher than Vin.
Chip Enable Control Input. Active high. Regulator on/off control input. When not used,

4 EN [connect EN to the input source through a 100kQ pull-up resistor for automatic start-up (if
Vin > 5.5V). Also, EN can program Vin UVLO. Do not leave EN floating.
Mode Select. Selects the internal or external current sensing mode. Connect to GND to

5 MODE |use internal current-sensing block. If floating, use an external current-sense resistor. DO
NOT pull MODE down to GND through a resistor.

6 SENSE Voltage Sense. Voltage sensed between SENSE and IN. The voltage sensed between
SENSE and IN determines the external current-sense signal.

7.8.19,20.21 SW Power_Swnch Output. SW |s.t_he drain of the internal Power MOSFET. Connect the
power inductor and output rectifier to SW.
9,10,17,18,22| PGND |Power Ground.

11 IN Input Supply. IN must be bypassed locally.

12 VDD Internal Bias Supply. Decouple with a 2.2uF ceramic capacitor as close to FB as
possible.

13 COMP | Compensation. Connect a capacitor and resistor in series to AGND for loop stability.

14 FB Feedback Input. Reference voltage is 1.225V. Connect a resistor divider from Vour to
FB.

15 Ss Soft-Start Control. Connect a soft-start capacitor to SS. The soft-start capacitor is
charged with a constant current. Leave SS disconnected if the soft-start is not used.

16 AGND |Analog Ground.

MP3428 Rev. 1.0
10/10/2019

www.MonolithicPower.com 10
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MP3428GL-Z Monolithic Power Systems Inc. IC REG BOOST ADJ 17A 22QFN

mP£|°P3428 —17A, 600KHZ, 20V WIDE INPUT RANGE ,SYNCHRONOUS BOOST CONVERTER IN ASMALL 3X4MM QFN PACKAGE

FUNCTIONAL BLOCK DIAGRAM

IN MODE SENSE
1 1 1
Internal Regulator & T 0
EN[ — ¢ i
[ Enable Circuitry |1k
Charge
< Pump
vbb[ | Regulator
Oscillator & | /1 s Current Limit Switch
1 Slope -/ Control Logic
7 sw
out[ }
) Q
BST[ | 14 | Boost Strap PWM Control
: b Regulator Logic
1 =
.
SR N GND
DR[ —
SOR[ Driver N
| - L FB
sSW GM
7uA J +——1.225V
ss[ 1
a] COMP
Figure 1. Functional Block Diagram
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MP3428GL-Z Monolithic Power Systems Inc. IC REG BOOST ADJ 17A 22QFN

mP£|°P3428 —17A, 600KHZ, 20V WIDE INPUT RANGE ,SYNCHRONOUS BOOST CONVERTER IN ASMALL 3X4MM QFN PACKAGE

OPERATION

The MP3428 is a 600kHz fixed-frequency, high-
efficiency, wide input range, current-mode
boost converter with optional internal or
external current-sensing configuration for high-
integration and high-power applications (see
Figure 1).

Boost Function

The MP3428 uses constant frequency, peak-
current mode, boost regulation architecture to
regulate the feedback voltage.

At the beginning of each cycle, the N-channel
MOSFET switch Q is turned on, forcing the
inductor current to rise. When floating MODE,
the current at the source of switch Q is
measured externally; then it is converted to a
voltage by the current-sense amplifier. That
voltage is compared to the error voltage on
COMP (which is an amplified version of the
difference between the 1.225V reference
voltage and the feedback voltage). When these
two voltages are equal, the PWM comparator
turns off switch Q. This forces the inductor
current into the output capacitor through the
external rectifier, causing the inductor current to
decrease. The peak-inductor current is
controlled by the voltage on COMP, which in
turn is controlled by the output voltage. To
satisfy the load, the output voltage is regulated
by the inductor current. Current mode
regulation improves transient response and
control loop stability.

VDD Power

MP3428 is powered by VDD. A ceramic
capacitor no less than 2.2uF is required to
decouple VDD. During start-up, VDD power is
regulated by IN. Once the output voltage
exceeds the input voltage, VDD is powered
from Vour (instead of Vi). This allows the
MP3428 to maintain low Ron and high
efficiency, even with low-input voltage.

Soft-Start (SS)

MP3428 uses one external capacitor on SS to
control SW frequency during start-up. The
operation frequency is initially % of the normal
frequency. As the SS capacitor is charged, the
frequency increases continuously. When the
voltage on SS exceeds ~0.65V, the frequency

switches to a normal frequency. In addition, the
voltage on COMP is clamped within Vss+0.7V.
During start-up the COMP voltage reaches
0.7V quickly, and then rises at the same rate of
Vss. These two mechanisms prevent high-
inrush current from the input power supply.

SDR and BST Function

The MP3428 generates a synchronous gate-
driving signal that complements the gate driver
of the internal MOSFET. The SDR driver is
powered from BST (5V, typically) and a low Qg
N-channel MOSFET (a gate-source threshold
voltage lower than 3V is preferred). In high-
power applications, using a synchronous
rectifier switch improves overall conversion
efficiency. If a synchronous rectifier switch is
not used, float SDR.

The 5V driver power-bootstrap voltage is
powered from OUT. If output voltage is low (or
the duty cycle is too low), BST voltage may not
be regulated to 5V, triggering a BST_UVLO. A
schottky diode from an external 5V source to
BST is recommended, otherwise, the SDR
driver signal may be lost.

Current Sensing Configuration

The MP3428 offers the option of using the
internal circuit or an external resistor to sample
the inductor current. When using the internal
current sense, MODE must be connected
directly to GND before powering on. Meanwhile,
SENSE should be connected to IN. In this
configuration, sensed current is compared to
both the COMP voltage and the limit peak
current cycle-by-cycle during an overload
condition.

When floating MODE, the inductor current is
sampled by an external sense resistor between
IN and SENSE. Under this configuration,
sensed current is compared with COMP for low-
side switch on/off control. However, the
overload is protected by the average inductor
current. When the sensed current signal
exceeds 54mV, COMP is pulled low to regulate
the boosted current. This causes the MP3428
to enter hiccup mode (after 1.1ms). The
MP3428 re-starts after about 60ms in hiccup
mode. If the sampled current signal rises to
100mV (within the 1.1ms blank time),
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immediately the MP3428 operates in hiccup
mode.

The MP3428 starts switching in internal current-
sense mode after it detects OV on MODE. In
external current-sense mode, MP3428 detects
MODE voltage and starts switching (after
MODE is higher than Vin + 2V). In over-current
or hiccup mode, MODE is pulled low. If the
average current limit is triggered before
switching, MP3428 may not start switching
because MODE is regulated to low in an
overload condition.

If the peak-inductor current is higher than 6A,
an external current-sensing resistor is
recommended. Do NOT change the sensing
configuration when MP3428 is in operation.

Light-Load Operation

To optimize efficiency at light load, MP3428
employs a pulse-skipping mechanism and
foldback frequency. When the load becomes
lighter, the COMP voltage decreases, causing
the MP3428 to enter foldback operation (the
lighter the load, the lower the frequency).
However, if the load becomes exceedingly low,
MP3428 enters PSM. PSM operation is
optimized so that only one SW pulse is
launched every burst cycle; therefore the output
ripple is very low.

Enable (EN) and Programmable UVLO

EN enables and disables the MP3428. When
applying voltage higher than the EN higher
threshold (1V, typically), MP3428 starts up
some of the internal circuits (micro-power
mode). If EN voltage exceeds the turn-on
threshold (1.33V), the MP3428 enables all
functions and starts boost operation. Boost
operation is disabled when EN voltage falls
below its lower threshold (1.33V). To
completely shut down the MP3428, <0.4V low-
level voltage is required on EN. After shutdown,
MP3428 sinks a current from input power (less
than 1uA, typically).

The maximum recommended voltage on EN is
5.5V. If the EN control signal comes from a
voltage higher than 5.5V, a resistor should be
added between EN and the control source. An
internal Zener diode on EN clamps the EN
voltage to prevent runaway. Ensure the Zener
clamped current flowing into EN is less than
0.3mA.

Meanwhile, EN can program Vin's UVLO (see
“Applications\UVLO Hysteresis” section).

Thermal Shutdown (TSD)

To prevent thermal damage, the device has an
internal temperature monitor. If the die
temperature exceeds 150°C, the converter
shuts down. Once the temperature drops below
125°C, the power supply resumes operation
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APPLICATION INFORMATION

Selecting Current Limit Resistor

When an external resistor is used, MP3428 has
an average current limit. The resistor Rsense
(connected from the input voltage to SENSE),
sets the current limit (lc.):

lee = Ve /RSENSE

Where, VcL is 54mV, typically, lc.is in amperes,
and Rsense is in mQ.

UVLO Hysteresis

The MP3428 features a programmable UVLO
hysteresis. When powering up, EN sinks a 4.5pA
current from an upper resistor, Rrop (see Figure
2). VIN voltage must increase to overcome the
current sink. The VIN start-up threshold is
determined by:

Vin-on = Ven-on X (1+ h) +4.5nA xR0
BOT
Where, Ven-on is the EN voltage turn-on threshold
(1.33V, typically).
Once the EN voltage reaches Venon, the 4.5uA
sink current turns off to create a reverse
hysteresis for the VIN falling threshold:

Vincovtotivs = 4-OUA xR p

VIN

MP3428

Figure 2: Vin VULO Program
Selecting the Soft-Start Capacitor

To prevent excessive input current, the MP3428
includes a soft-start circuit that limits the voltage
on COMP during start-up This prevents
premature termination of the source voltage at
start-up due to input-current overshoot. When

power is applied to the device, enable is asserted
and a 7pA internal-current source charges the
external capacitor at SS. The SS voltage clamps
COMP voltage (as well as the inductor peak
current) until output is close to regulation or
COMP reaches 1.8V. For most applications, a
33nF SS capacitor is sufficient.

Setting the Output Voltage

Output voltage is fed back through two sense
resistors in series. The feedback reference
voltage is 1.225V, typically. The equation for the
output voltage is:

R1
Vour = Veee X (1+—
out rer X ( RZ)

Where, R1 is the top feedback resistor, R2 is the
bottom feedback resistor, and Vgrer is the
reference voltage (1.225V, typically).

Choose feedback resistors in the 10k Q range (or
higher) for good efficiency.

Selecting the Input Capacitor

An input capacitor is required to supply the AC
ripple current to the inductor while limiting noise
at the input source. A low ESR capacitor is
required to minimize noise. Ceramic capacitors
are preferred, but tantalum or low ESR
electrolytic capacitors suffice.

Two 22uF capacitors are recommended for high-
power applications. The capacitor can be
electrolytic, tantalum, or ceramic. However, since
the capacitor absorbs the input-switching current,
it requires an adequate ripple-current rating. Use
a capacitor with a RMS current rating greater
than the inductor-ripple current (see “Selecting
the Inductor’ to determine the inductor-ripple
current).

To ensure stable operation, place the input
capacitor as close to the IC as possible.
Alternately, a smaller, high-quality ceramic 0.1uF
capacitor may be placed closer to the IC with the
larger capacitor placed a little farther away.
When using this technique, a larger electrolytic or
tantalum type capacitor is recommended. All
ceramic capacitors should be placed very close
to the input.
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Selecting the Output Capacitor

An output capacitor is required to maintain the
DC output voltage. Low ESR capacitors are
preferred to minimize the output-voltage ripple.
The characteristics of the output capacitor affect
the stability of the regulation control system.
Ceramic, tantalum, or low ESR electrolytic
capacitors are recommended. If using ceramic
capacitors, the impedance of the capacitor at the
switching frequency is dominated by the
capacitance, and the output-voltage ripple is
independent primarily of the ESR. The output-
voltage ripple is estimated by:

\Y/

(1_ i) X ILOAD

\/ — ouT

RIPPLE
Cour *Fsw

Where Vgrpepe is the output-ripple voltage, Vin
and Vour are the DC input and output voltages
respectively, l.oap is the load current, Fsw is the
600kHz fixed-switching frequency, and Cour is
the capacitance of the output capacitor.

If using tantalum or low ESR electrolytic
capacitors, the ESR dominates the impedance at
the switching frequency, so the output ripple is
estimated as:

Vin

(1_ ) X ILOAD |

xReen xV

LOAD ESR ouT

vV,

IN

ouT

VRIPPLE = C

ouT X:FEW

Where, Resris the equivalent series resistance of
the output capacitors.

Choose an output capacitor that satisfies output
ripple and load transient design requirements.
Take capacitance de-rating into consideration
when designing high output-voltage applications.
For most applications, three 22uF ceramic
capacitors are suitable.

Selecting the Inductor

The inductor forces a higher output voltage while
being driven by the input voltage. A higher value
inductor has less ripple current, resulting in a
lower peak-inductor current. This reduces stress
on the internal N-channel switch and enhances
efficiency. However, a higher value

inductor is physically larger, has a higher series
resistance, and a lower saturation current.

A good rule of thumb is to have a peak-to-peak
ripple current that is approximately 30%-40% of
the maximum input current. To prevent loss of
regulation due to the current limit, ensure the
peak-inductor current is below 75% of the current
limit at the operating duty cycle. Also, ensure that
the inductor does not saturate under the worst-
case load transient and start-up conditions.
Calculate the required inductance value using the
equation below:
_ Vin X (Vour = Vin)
Vour X Fsw x Al
V,

_ Vour
IN(max) —

L

| ><ILOAD(MAX)

Vin X1

Where , lLoabmmax) is the maximum load current, Al
is the peak-to-peak inductor-ripple current, Al =

(30% - 40%) x Iin (wax), and n is efficiency.

Selecting the Output Rectifier

MP3428 features a SDR gate driver. Instead of a
schottky diode, an N-channel MOSFET can be
used to free-wheel the inductor current when the
internal MOSFET is off. The SDR gate-driver has
a high voltage level (5V), so choose an N-
channel MOSFET that is compatible with a 5V
gate-voltage rating. The minimum high level is 3V,
typically. It is recommended that the MOSFET’s
turn-on threshold is lower than 3V.

In applications with low outputs (such as 5V), the
voltage across the BST cap may be insufficient. If
this is the case, a schottky diode should be
connected from the output port to BST,
conducting the current into the BST capacitor
when SW is low (see Figure 3).

L CBSTJ— K

1N5819 VOUT=5V

— Y

[~

sw
BST

SDR]

Cour
MP3428 l

Figure 3. BST Charger for Low-Output
Applications
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The MOSFET voltage rating should be equal to
or greater than the output voltage. The average
current rating must be greater than the maximum
load current. The peak-current rating must be
greater than the peak-inductor current. If a
Schottky diode is used as the output rectifier, the
same specifications should be considered.

Compensation

The output of the transconductance error
amplifier (COMP) is used to compensate the
regulation control system. The system uses two
poles and one zero to stabilize the control loop.
The poles are Fr1, set by the output capacitor
(Cour) and the load resistance, and Fez2, which
starts from the origin. The zero Fz is set by the
compensation capacitor (Ccomp) and the

compensation resistor (Rcomp). These are
determined by the equations:
1
For = (Hz)
2 XX IQLOAD x COUT
. (H2)

71~
2x1xReoup X Ceovp

Where, Rioapis the load resistance.
The DC loop gain is calculated as follows:

A ><\/IN><RLOAD><VFB><(;CS><R

A — VEA
VDC 2
2xVur

COMP (V/V)

Where Gecs is the compensation voltage to the
inductor-current gain, Avea is the error amplifier
voltage gain, and the Vers is the feedback
regulation threshold.

Also, there is a right-half-plane zero (Frurz) that
exists in continuous conduction mode (CCM).
The inductor current does not drop to zero each
cycle. The frequency of the right-half plane zero
is:

R

\
F - _ o o Vin oy,
RHP = o x L (V )" (Hz)

ouTt

The right-half-plane zero increases the gain and
reduces the phase simultaneously, resulting in a
smaller phase and gain margin. The worst case
happens during conditions of minimum input
voltage and maximum output power.

Compensation recommendations are listed in the
“Typical Application Circuits” section.

PCB Layout Guide

High-frequency switching regulators require very
careful PCB layout for stable operation and low
noise. All components must be placed as close to
the IC as possible.

Figure 4. PCB Layout Reference

Refer to Figure 4 and the guidelines below to
optimize performance:

1. Keep the output loop (SW, PGND, Q1, and
C2) as small as possible.

2. Place FB divider R1 and R2 as close as
possible to FB.

3. Route the sensing traces (SENSE and IN) in
parallel closely with a small closed area. The
0805 package is recommended for the
sensing resistor (R4) to reduce parasitic
inductance.

4. Connect FB and OUT feedback from the
output capacitor (C2).

5. Connect the compensation components and
SS capacitor to AGND with a short loop.

6. Connect the VDD capacitor to AGND with a
short loop. Do not connect to PGND net
before connecting to IC-AGND.

7. Connect the compensation components and
SS capacitor to AGND with a short loop.
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8. The input path consisting of C1, L1, SW,
PGND, BST path, and SDR path should be
as short as possible.

9. Place sufficient GND vias close to the IC for

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

Table 1. Design Example

good thermal dissipation. Vin 3-10V

10. Do NOT place vias into the SW net. Vour 12v

|OUT 0-2A
11.Use a 4-layer PCB for high-power : o L .
ot y an-p The detailed application schematic is shown in
applications. ) : o
Figure 5. The typical performance and circuit
waveforms have been 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

2.2uH ce L IR7
VIN=3-10V (R 0.1uF 0 FDMC7678 VouT=12V
R4 5x20mQ : T Qi
D 13l D
C1A |c1B ~
=
220F [22uF 3 7 o | cac
—MODE SD C2A
SENSE Ui ouT 22uF 22uF | 22uF
T3 IN MP3428 R
R5 _I__Ui VDD 300k
EN 100k = 2.2uF
FB
D EN c5 R2
ss a o com—] 3
R6 c4 5 3 6.8nF
NS 33nF a <
R3
— = 9.1k

=

Figure 5. 12V Output Synchronous Solution Using External Current-Sensing Resistor

2.2uH ce L 1IR7
VIN=3-10V (K O'MT 0 1 FOMC7678 VOUT=12V
NN
D 511 D
_|c1Aa_|ciB =
=
22uF | 22uF z 8 , o
MODE SDl ::C2A ::C B pr—
SENSE U1 ouT 22uF 22uF | 22uF
3 " MP3428 RIS WV
RS —{——{voo 300k
EN 100k = 2.2uF
FB

D EN cs R2

ss 2 o com———] 34k
R6 C4 & & 6.8nF
NS 33nF g 2
R3
= = 9.1k
% =

Figure 6. 12V Output Synchronous Solution Using internal Current-Sensing Circuit
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2.2uH
VIN=3-10V L1 oY D1 VOUT—12V
lcm Jg B
-
22uF |[22uF z 2 o .
MODE SDR— C2A B
SENSE U1 ouT 22uF 22uF 22uF
C3 IN MP3428 R1
RS ———— oo 300k
EN 100k = 22uF
FB
D EN c5 R2
ss 2 o comp— 34k
R6 c4 & 8 6.8nF|
NS 33nF g E:
R3
— = 9.1k
A4 =

Figure 7. 12V Output Non-Synchronous Solution Using Internal Current-Sensing Circuit

095uH  c6_L 3R7 D1 K
VIN=3-4.5V 1 Y O.1uF—l_ 0 1N5819  FDMC7678 VOUT 5V

D ' ' Q1 1l
C1A | ciB N

I

; =
22uF | 22uF z &
J—SENSE Ui ouT| 22uF 22uF 22uF
o3 N MP3428
R5 _L|7 VDD 105k
EN 100k = 2.2uF
D ' EN cs R2
ss ) o  comm—| 34k
R6 c4 5 3 6.8nF]
NS 33nF o <
R3

v =
Figure 8: 5V Output Synchronous Solution Using Internal Current Sensing Circuit
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NOTICE: The information in this document is subject to change without notice. Please contact MPS for current specifications.
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