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GENERAL DESCRIPTION

MP1470-MS

The MP1470-MS is a fully integrated,high efficiency 2A synchronous rectified step-down converter.The

MP1470-MS operates at high efficiency over a wide output current load range.

This device offers two operation modes,PWM control and PFM Mode switching control,which allows a high

efficiency over the wider range of the load.

The MP1470-MS requires a minimum number of readily available standard external components and is

available in an 6-pin SOT-23 ROHS compliant package.

Features Applications

High Efficiency:Up to 96%

500KHz Frequency Operation

2A Output Current

No Schottky Diode Required

4.5V to 21V Input Voltage Range

0.8V Reference

Slope Compensated Current Mode Control for

Excellent Line and Load Transient Response
Integrated internal compensation

Stable with Low ESR Ceramic Output Capacitors
Over Current Protection with Hiccup-Mode
Thermal Shutdown

Inrush Current Limit and Soft Start

Available in SOT-23-6 Package

-40°C to +85°C Temperature Range

Distributed Power Systems

Digital Set Top Boxes

Flat Panel Television and Monitors

Wireless and DSL Modems

Notebook Computer

Pin Description AND MARKING

SOT-23-6 Pin Configuration

Marking

TOP VIEW

GND[ 1| | 6 | BS
w2 5] N
VIN[3 4B

A S****

device code: AS, ***= Internal production code
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Pin Description

Pin Name| Pin Number Description
GND 1 Analog ground pin.
SwW 2 Switching Pin.
VIN 3 Power supply Pin

Adjustable version feedback input.Connect FB to the center point of the external

resistor divider
Drive this pin to a logichigh to enable the IC.Drive to a logiclow to disable the IC and
EN 5 enter micro-power shutdown mode.For automatic start-up,connect EN to VIN
using a 200kQ resistor.

Bootstrap.A capacitor connected between SW and BS pins is required to form a
floating supply across the high-side switch driver.

FB 4

BS 6

Order Information

Model Description Package MOoQ

MP1470-MS Tumax=150c, 8Ja=170°C/W, esc=130Cw SOT23-6 3000

Typical Application Circuit

c2
1uF
]
L
Vin BS 10uH Vour
[ VIN SW YN o
R1 C1
MP1470-MS 100k ==22pF
1% opt.
ngNF: —EN FB T 22C 2
H GND R2 “
19k
1%

Figure 1. Basic Application Circuit
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MP1470-MS

ABSOLUT MAXIMUM RATINGS (Note 1)

Input Supply Voltage.........ccccuveeeee.e. -0.3V to 22V Thermal Resistance BUA..........ccccveeeeeicineeeeenne, 170 C/W
EN Voltages.........occvveeeiiiiiieeeciieeees -0.3V to 6V Junction Temperature(Note2)........c.cevvvvvecuvvveereennnen. 150°C
FB Voltages.........ccoceeeeecuieeeeccieece, -0.3V to 6V Operating Temperature Range........cceveeneeen.. -40°Ct085C
SW Voltage........coooeveeeenrneecennne, -0.3Vito (V+0.5V) Lead Temperature(Soldering,10S)........ccovvvveeeeeennen.. 300C
BS Voltage.............c........ (Vsw-0.3V)to (Vsw+5V) Storage Temperature Range...........ccecuvuene. -65Cto 150°C
Power Dissipation..........ccccccooevciviiiiieeennnins 0.6W ESD HBM(Human Body Mode)......ccccevveveeeeeeeeieeecnnennen, 2kv
Thermal Resistance 64C.................u...... 130°C/W ESD MM(Machine Mode).......ccouvveeecveeeeeeieeeeeeeiveeeen, 200V

ELECTRICAL CHARACTERISTCS (Note 3)

V=12V, Vyir =5V, T, = 25°C, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNIT

Input Voltage Range 4.5 21 v

Supply Currentin 1y, g 5y v oy 0.6 08 | mA

Operation

Supply Current in B B

Shutdown Ve, =0 or EN = GND 1 UA

Regulated Feedback |+ _ o500 45y< v, <20v | 0776 | 0800 | 0824 | v

Voltage

H|gh-S|QB Switch 90 mno

On-Resistance

Low-S@e Switch 70 0

On-Resistance

High-Side Switch _ _

Leakage Current Ver=0V, Voy=0V 1 HA

Low-Side Switch

Leakage Current Ver=0V, Voy=12V 1 HA

Upper Switch Current | v uoum Duty Cycle 45 A

Limit

OovP 22 V

Oscillation Frequency 400 500 580 KHz

Maximum Duty Cycle | Vi=0.7V 92 %

Minimum On-Time 60 nS

Soft-start Time Tss 2 mS

Thermal Shutdown 180 T

Note 1: Absolute Maximum Ratings are those values beyond which the life of a device may be impaired.

Note 2: T, is calculated from the ambient temperature T, and power dissipation P, according to the

following formula: T, = T, + (P,) x (170°C/W).
Note 3: 100% production test at +25°C. Specifications over the temperature range are guaranteed by
design and characterization.
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TYPICAL PERFORMANCE CHARATERISTICS

Efficiency vs LoadCurrent&Vin=12V Load Regulation
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FUNCTIONAL BLOCK DIAGRAM

VINDS
—>O<— '
3 RSEN S
Ve 3
REGULATOR | vee .
CURRENT SENSE
AMPLIFIER
BOOST r
REGULATOR > L18S
—!  OSCILLATOR
HS IF}
f —{ DRIVER
+
COMPARATOR T
1 ) {1Sw
. REFERENCE
ENC] 1 ON TIME CONTROL \L?g
15 CURRENT LIMIT
P COMPARATOR
™ A | LS }
:: WA _ LOGIC CONTROL DRIVER ":
sepF 400K >
= +
N > L1GND
L=
FBLT )
FRROR AMPLIFIER =

Figure 2 MP1470-MS Block Diagram
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FUNCTIONAL DESCRIPTION

Internal Regulator

The MP1470-Ms is a current mode step down
DC/DC converter that provides excellent transient
response with no extra external compensation
components. This device contains an internal,
low resistance, high voltage power MOSFET, and
operates at a high 500K operating frequency to
ensure a compact, high efficiency design with
excellent AC and DC performance.

Error Amplifier

The error amplifier compares the FB pin voltage
with the internal FB reference (Vg;) and outputs a
current proportional to the difference between the
two. This output current is then used to charge
or discharge the internal compensation network
to form the COMP voltage, which is used to
control the power MOSFET current.The optimized
internal compensation network minimizes the
external component counts and simplifies the
control loop design.

Internal Soft-Start

The soft-start is implemented to prevent the
converter output voltage from overshooting
during startup. When the chip starts, the internal
circuitry generates a soft-start voltage (SS)
ramping up from OV to 0.8V. When it is lower
than the internal reference (REF), SS overrides
REF so the error amplifier uses SS as the
reference. When SS is higher than REF, REF
regains control. The SS time is internally fixed to
2ms.

MP1470-MS

Over-Current-Protection and Hiccup

The MP1470-MShas cycle-by-cycle over current
limit when the inductor current peak value
exceeds the set current limit threshold.
Meanwhile, output voltage starts to drop until FB
is below the Under-Voltage (UV) threshold,
typically 30% below the reference. Once a UV is
triggered, the MP1470-mMSenters hiccup mode to
periodically restart the part. This protection mode
is especially useful when the output is
dead-short to ground. The average short circuit
current is greatly reduced to alleviate the thermal
issue and to protect the regulator.T he MP1470-MS
exits the hiccup mode once the over current
condition is removed.

Startup and Shutdown

If both VIN and EN are higher than their
appropriate thresholds, the chip starts. The
reference block starts first, generating stable
reference voltage and currents, and then the
internal regulator is enabled. The regulator
provides stable supply for the remaining
circuitries. Three events can shut down the chip:
EN low, VIN low and thermal shutdown. In the
shutdown procedure, the signaling path is first
blocked to avoid any fault triggering. The COMP
voltage and the internal supply rail are then
pulled down. The floating driver is not subject to
this shutdown command.
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APPLICATIONS INFORMATION

Setting the Output Voltage
The external resistor divider is used to set the
output voltage

. The feedback resistor R1 also sets the feedback
loop bandwidth with the internal compensation
capacitor. Choose R1 to be around 100kQ for
optimal transient response. R2 is then given by:

R1

R2=
Vor _
Vis

Table 1 lists the recommended T-type resistors value
for common output voltages.

Vour R: Rz
1.2V 100kQ2 200kQ2
1.8V 100kQ 78.7kQ)
2.5V 100kQ) 46.4kQ)
3.3V 100kQ2 31.6kQ)
5V 100kQ2 18.7kQ)
Inductor Selection

A 4.7uH to 22uH inductor with a DC current
rating of at least 25% percent higher than the
maximum load current is recommended for most
applications. For highest efficiency, the inductor
DC resistance should be less than 15mQ . For
most designs, the inductance value can be
derived from the following equation.

Vour ><(VlN _VOUT)
Vi< Al xfy 5 ¢

Where A I is the inductor ripple current.
Choose inductor ripple current to be
approximately 30% if the maximum load current
2A. The maximum inductor peak current is:

Al

IL(MAX) = lioap + 5

Under light load conditions below 100mA, larger
inductance is recommended for improved
efficiency.

MP1470-MS

Input Capacitor Selection

The input capacitor reduces the surge current
drawn from the input and switching noise from
the device. The input capacitor impedance at
the switching frequency should be less than
input source impedance to prevent high
frequency switching current passing to the input.
A low ESR input capacitor sized for maximum
RMS current must be used. Ceramic capacitors
with  X5R or X7R dielectrics are highly
recommended because of their low ESR and
small temperature coefficients. A 22uF ceramic
capacitor for most applications is sufficient. A
large value may be used for improved input
voltage filtering.

Output Capacitor Selection

The output capacitor (C,y) is required to
maintain the DC output voltage. Ceramic,
tantalum, or low ESR electrolytic capacitors are
recommended. Low ESR capacitors are
preferred to keep the output voltage ripple low.
The output voltage ripple can be estimated by:

Vour X (M = Vour) 1
AV, = ouT N~ Vour XLRESR +8Xf—J

Vig x foge x L osc X COUT

Where L is the inductor value and R.g is the
equivalent series resistance (ESR) value of the
output capacitor. In the case of ceramic
capacitors, the impedance at the switching
frequency is dominated by the capacitance. The
output voltage ripple is mainly caused by the
capacitance. For simplification, the output
voltage ripple can be estimated by:

AVyy; = Vour % (1 _ Vour ]

8 x foge” x L x Coyr Vi

In the case of tantalum or electrolytic capacitors,
the ESR dominates the impedance at the
switching frequency. For simplification, the
output ripple can be approximated to:
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Vo ~ Vour capacitor, high-side MOSFET and low-side
Mo =2 7y, )R MOSFET.
e Bypass ceramic capacitors are suggested to
The characteristics of the output capacitor also be put close to the VIN Pin.

affect the stability of the regulation system. The
MP1470-MS can be optimized for a wide range
of capacitance and ESR values.

® Ensure all feedback connections are short
and direct. Place the feedback resistors and
compensation components as close to the
chip as possible.

PCB Layout Recommendations e V,,;, SW away from sensitive analog areas

PCB layout is very important to achieve stable such as FB.
operation. It is highly recommended to duplicate
EVB layout for optimum performance. If change
is necessary, please follow these guidelines and
take Figure 3 for reference.

e Connect IN, SW, and especially GND
respectively to a large copper area to cool
the chip to improve thermal performance
and long-term reliability.

e Keep the path of switching current short and
minimize the loop area formed by Input

e An example of 2-layer PCB layout is shown
in Figure 3 for reference.

Figure 3. MP1470-MS Suggested Layout
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Package Outline Dimensions
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SOT-23-6 Suggested Pad Layout

1. 00

2. 40

G(J
_ld__
Dimensions In Millimeters Dimensions In Inches
Symbol Min. Max. Min. Max.
A 1.050 1.250 0.041 0.049
Al 0.000 0.100 0.000 0.004
A2 1.050 1.150 0.041 0.045
b 0.300 0.500 0.012 0.020
c 0.100 0.200 0.004 0.008
D 2.820 3.020 0.111 0.119
E1 1.500 1.700 0.059 0.067
E 2.650 2.950 0.104 0.116
e 0.950(BSC) 0.037(BSC)
el 1.800 2.000 0.071 0.079
L 0.300 0.600 0.012 0.024
0 0° 8° 0° 8°
Note:

1.Controlling dimension:in millimeters.
2.General tolerance:+ 0.05mm.

3.The pad layout is for reference purposes only.
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Attention

m Any and all MSKSEMI Semiconductor products described or contained herein do not have specifications that can
handle applications that require extremely high levels of reliability, such as life-support systems, aircraft's control systems, or
other applications whose failure can be reasonably expected to result in serious physical and/or material damage. Consult with
your MSKSEMI Semiconductor representative nearest you before using any MSKSEMI Semiconductor products described
or contained herein in such applications.

m MSKSEMI Semiconductor assumes no responsibility for equipment failures that result from using products  at values that
exceed, even momentarily, rated values (such as maximum ratings, operating condition ranges, or other parameters) listed in

products specificationsof any andall MSKSEMI Semiconductor products described orcontained herein.
m Specifications of any and all MSKSEMI Semiconductor products described or contained herein stipulate the

performance, characteristics, and functions of the described products in the independent state, and are not guarantees of the
performance, characteristics, and functions of the described products as mounted in the customer’s products or equipment. To
verify symptoms and states that cannot be evaluated in an independent device, the customer should always evaluate and test
devices mounted in the customer’sproducts orequipment.

m MSKSEMI Semiconductor. strives to supply high-quality high-reliability products. However, any and all semiconductor
products fail with someprobability. It is possiblethat these probabilistic failures could give rise to accidents or events that could
endanger human lives, that could give rise to smoke or fire, or that could cause damage to other property. When designing
equipment, adopt safety measures so that these kinds of accidents or events cannot occur. Such measures include but are
not limited to protective circuits anderror prevention circuitsfor safedesign, redundant design, and structural design.

m |n the event that any or all MSKSEMI Semiconductor products(including technical data, services) described or contained
herein are controlled under any of applicable local export control laws and regulations, such products must not be exported

without obtaining the export license from theauthorities concerned in accordance with the above law.
m No part of this publication may be reproduced or transmitted in any form or by any means, electronic or

mechanical, including photocopying and recording, or any information storage or retrieval system, or otherwise, without the prior
written permission of MSKSEMI Semiconductor.

m Information (including circuit diagrams and circuit parameters) herein is for example only ; it is not guaranteed for volume
production. MSKSEMI Semiconductor believes information herein is accurate and reliable, but no guarantees are made or

implied regarding its use or any infringementsof intellectual property rights or other rightsof third parties.
m Any and all information described or contained herein are subject to change without notice due to

product/technology improvement, etc. Whendesigning equipment, referto the "Delivery Specification" for the MSKSEMI

Semiconductor productthat you intend to use.
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