Rainpro
RP3408S0OT5

5.5V 1A 1.5MHz Synchronous Step-Down Regulator

Features

e High Efficiency: Up to 96% e  Over Temperature Protected

e 25V 1t05.5V Input Voltage Range e  Low Quiescent Current: 40pA
e 1.5MHz Constant Frequency Operation e  Short Circuit Protection

e No Schottky Diode Required e Inrush Current Limit and Soft Start
e  Low Dropout Operation: 100% Duty Cycle e 1A Continuous Output Current
e  PFM Mode for High Efficiency in Light Load e  SOT23-5 package
Applications

e  Cellular and Smart Phones e  Portable Instruments

e  Wireless and DSL Modems e Digital Still and Video Cameras
e PDAs e PC Cards

General Description

The RP3408SOTS5 is a high-efficiency monolithic synchronous buck regulator using a constant frequency, current
mode architecture. The device is available in an adjustable version. Supply current with no load is 40uA and
drops to

<1uA in shutdown. The 2.5V to 5.5V input voltage range makes the RP3408SOT5 ideally suited for single Li-lon
battery powered applications. 100% duty cycle provides low dropout operation, extending battery life in portable
systems. PWM/PFM mode operation provides very low output ripple voltage for noise sensitive applications.
Switching frequency is internally set at 1.5MHz, allowing the use of small surface mount inductors and capacitors.
Low output voltages are easily supported with the 0.6V feedback reference voltage.

The RP3408SOTS5 is offered in a low profile (Imm) 5-pin, thin SOT package, and is available in an adjustable
version.

Typical Application Circuit
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RP3408S0T5

5.5V 1A 1.5MHz Synchronous Step-Down Regulator

Pin Description

Pin Configuration

TOP VIEW
®

EN 1
GND 2
SW 3

SOT23-5

Top Marking: AAYLL (device code: AA, Y=year code, LL= lot number code)

Pin Description

Pin Name Function

1 EN Chip Enable Pin. Drive EN above 1.5V to turn on the part. Drive EN below 0.3V to
turn it off. Do not leave EN floating.

2 GND Ground Pin

3 SW Power Switch Output. It is the switch node connection to Inductor. This pin connects
to the drains of the internal P-ch and N-ch MOSFET switches.

4 N Power Supply Input. Must be closely decoupled to GND with a 10 or greater
ceramic capacitor.

5 B Output Voltage Feedback Pin. An internal resistive divider divides the output voltage

down for comparison to the internal reference voltage.

Order Information

Marking Part No. Model Description Package MOQ
RP3408SOT5 Buck, 2.5-5.5V, 1.0A,
AAYLL | 700012 RP3408S0 ue SOT235 | 3000PCS
T5 1.5MHz, VFB 0.6V, SOT23-5
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RP3408S0T5

5.5V 1A 1.5MHz Synchronous Step-Down Regulator

Absolute Maximum Ratings M®

Input Supply Voltage........c.c........

V to 6.0V

EN, FB Voltages................. -0.3V to 6.0V
SW Voltage............. -0.3V to (Vin+0.3V)

Peak SW Sink and Source Current

Thermal Resistance ( 6JA) ......

ESD(Human Body Made)HMB.....

Note (2): The device is not guaranteed to function outside of its operating conditions.

Electrical Characteristics (M@

Operating Temperature Range ................ .. -40Ct0+85<C
Junction Temperature(NOte2)..........covvrvereerererieneas 125
Storage Temperature Range............cc.... ... -65Ct0150C
Lead Temperature(Soldering,108) .........cccceeereruennn +300C
Thermal Resistance (6JC) SOT23-5................. 130 T/W

ESD (Machine Made)MM.
Note (1): Exceeding these ratings may damage the device.

(ViNn=VEen=3.6V, Ta=25<C, unless otherwise noted.)

Parameter Conditions Min. Typ. Max. | Unit
Input Voltage Range 25 55 V
UVLO Threshold 2.4 \Y/
FB = 90%, lload=0mA 150 300 LA
Input DC Supply Current FB= 105%, lload=0mA 40 70 LA
Ven=0V, Vin=4.2V 0.1 1.0 A
Regulated Feedback Voltage 0.588 0.600 0.612 V
Reference Voltage Line Regulation |Vin=2.5V to 5.5V 0.04 040 | %V
Output Voltage Line Regulation ViN=2.5V 10 5.5V 0.04 0.4 %
Output Voltage Load Regulation 0.5 %
Oscillation Frequency 15 MHz
On Resistance of PMOS Isw=100mA 0.3 Q
ON Resistance of NMOS Isw=-100mA 0.2 Q
Peak Current Limit Vin= 3.6V, FB=90% 15 A
EN up Threshold Ven-Rising 1.05 1.15 1.25 \%
EN Threshold Hysteresis 140 mV
EN Leakage Current 40.01 #.0 LA
SW Leakage Current Ven=0V, Vin=Vsw=5V 40.01 #H.0 A
Soft Start 1.2 mS
Thermal Shutdown 160 °C
Thermal Hysteresis 20 °C

Note (1): MOSFET on-resistance specifications are guaranteed by correlation to wafer level measurements.
Note (2): Thermal shutdown specifications are guaranteed by correlation to the design and characteristics analysis.
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RP3408S0T5

5.5V 1A 1.5MHz Synchronous Step-Down Regulator

Typical Performance Characteristics

Note (1): Performance waveforms are tested on the evaluation board.
Note (2): Vin =5V, Vour=3.3V, Ta = +25<€, unless otherwise noted.

Efficiency vs Load Current

Load Regulation

Line Regulation
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RP3408SOT5

5.5V 1A 1.5MHz Synchronous Step-Down Regulator

Short Circuit Recovery

VIN =5V, VouT = 3.3V

Enable Startup at No Load
VIN =5V, VouTt = 3.3V

Enable Shutdown at No Load

VIN =5V, Vout = 3.3V
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Enable Startup at Full Load
VIN =5V, VouTt = 3.3V, lInbucTor =1A

Enable Shutdown at Full Load
VIN =5V, VouT = 3.3V, lIINDUCTOR =1A

Power Up at No Load
VIN =5V, Vout = 3.3V, lINbucTor =0A
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Power Up at Full Load

VIN =5V, Vout = 3.3V, lINDbucTOoR =1A
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RP3408S0OT5

5.5V 1A 1.5MHz Synchronous Step-Down Regulator

Functional Block Diagram
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Block Diagram

Functions Description

Internal Regulator

The RP3408SOT5 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 1.5MHz 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 (VFB) 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, 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 0V to 0.6V. 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 max to 1.2ms.
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5.5V 1A 1.5MHz Synchronous Step-Down Regulator

Over Current Protection & Hiccup

The RP3408SOT5 has 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 25% below the reference. Once a UV is triggered, the RP3408SOT5 enters 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. The
RP3408SOTS5 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.

Applications Information

Setting the Output Voltage

RP3408SOTS5 require an input capacitor, an output capacitor and an inductor. These components are critical to the
performance of the device. RP3408SOT5 are internally compensated and do not require external components to
achieve stable operation. The output voltage can be programmed by resistor divider.

R1+ R2
Vour = Vpp X 72
Vour R1 R2 Limin Llrve L1max Cin Cour Crr Opt.
105V | 75KQ | 10KQ | 1.0uH | 22uH | 47uH | 20-47uF | 20-68uF | 20-1000pF
12V 10KQ | 10KQ | 1.0uH | 22uH | 47uH | 20-47uF | 20-68uF | 20-1000pF
15V 1SKQ | 10KQ | 1.0uH | 22uH | 47uH | 20-47uF | 20-68uF | 20-1000pF
33V 45KQ | 10KQ | 1.0uH | 47uH | 68uH | 20-47uF | 20-68uF | 20-1000pF

Selecting the Inductor

The recommended inductor values are shown in the Application Diagram. It is important to guarantee the inductor
core does not saturate during any foreseeable operational situation. The inductor should be rated to handle the peak
load current plus the ripple current: Care should be taken when reviewing the different saturation current ratings
that are specified by different manufacturers. Saturation current ratings are typically specified at 25<C, so ratings at
maximum ambient temperature of the application should be requested from the manufacturer.

_ Vour X Viy = Vour)
Vin XAl X Foge

Where AIL is the inductor ripple current. Choose inductor ripple current to be approximately 30% if the maximum
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5.5V 1A 1.5MHz Synchronous Step-Down Regulator

load current. The maximum inductor peak current is:

Al
Iymaxy =Ipoap + )

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

Selecting the Output Capacitor

Special attention should be paid when selecting these components. The DC bias of these capacitors can result in a
capacitance value that falls below the minimum value given in the recommended capacitor specifications table.
The ceramic capacitor’s actual capacitance can vary with temperature. The capacitor type X7R, which operates over
a temperature range of —55°C to +125°C, will only vary the capacitance to within £15%. The capacitor type X5R
has a similar tolerance over a reduced temperature range of —55<C to +85<C. Many large value ceramic capacitors,
larger than 1uF are manufactured with Z5U or Y5V temperature characteristics. Their capacitance can drop by more
than 50% as the temperature varies from 25<C to 85<C. Therefore X5R or X7R is recommended over Z5U and Y5V
in applications where the ambient temperature will change significantly above or below 25<C.

Tantalum capacitors are less desirable than ceramic for use as output capacitors because they are more expensive
when comparing equivalent capacitance and voltage ratings in the 0.47uF to 44uF range. Another important
consideration is that tantalum capacitors have higher ESR values than equivalent size ceramics. This means that
while it may be possible to find a tantalum capacitor with an ESR value within the stable range, it would have to be
larger in capacitance (which means bigger and more costly) than a ceramic capacitor with the same ESR value. It
should also be noted that the ESR of a typical tantalum will increase about 2:1 as the temperature goes from 25<C
down to —40°C, so some guard band must be allowed.

PC Board Layout Consideration

PCB layout is very important to achieve stable operation. It is highly recommended to duplicate EVB layout for

optimum performance. If change is necessary, please follow these guidelines for reference.

1. Keep the path of switching current short and minimize the loop area formed by Input capacitor, high-side
MOSFET and low-side MOSFET.

2. Bypass ceramic capacitors are suggested to be put close to the Vin Pin.

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

4. VOUT, SW away from sensitive analog areas such as FB.

Connect IN, SW, and especially GND respectively to a large copper area to cool the chip to improve thermal

performance and long-term reliability.
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Package Description
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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 BA.

6. DRAWING IS NOT TO SCALE.
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Copyright ©2019-2024, ShenZhen ShengDeXin Technology CO.,LTD.
ShenZhen ShengDeXin Technology CO.,LTD. reserves the right to make, from time to time, such departures from the detail
specifications as may be required to per- mit improvements in the performance, reliability, or manufacturability of its products. Before
placing an order, the user is cautioned to verify that the information being relied upon is current.
ShengDeXin’s products are not to be used in life support devices or systems, if a failure of an ShengDeXin product can reasonably be
expected to cause the failure of that life support device or system, or to affect the safety or effectiveness of that device or system.
The information included herein is believed to be accurate and reliable. However, ShenZhen ShengDeXin Technology CO.,LTD.
assumes no responsibility for its use; nor for any infringement of patents or other rights of third parties which may result from its use.

For the latest version of this document, visit our website:
http://www.020rgin.com

Attention

« products fail with some probability. It is possible that 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 and error prevention circuits for safe design, redundant design, and structural design.

« Specifications of any and all ShenZhen ShengDeXin Technology CO.,LTD.S 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’s products

or equipment.

» Any and all ShenZhen ShengDeXin Technology CO.,LTD.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, Military
applications, aerospace, space, scientific research and exploration, or other applications whose failure can be reasonably expected to result
in serious physical and/or material damage. Consult with your ShenZhen ShengDeXin Technology CO.,LTD. representative nearest you
before using any ShenZhen ShengDeXin Technology CO.,LTD. products described or contained herein in such applications , But we
welcome discussions with our Alpha team to develop advanced product application scenarios.

« ShenzZhen ShengDeXin Technology CO.,LTD. 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
specifications of any and all ShenZhen ShengDeXin Technology CO.,LTD. products described or contained herein.

* In the event that any or all ShenZhen ShengDeXin Technology CO.,LTD. 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 the authorities concerned in accordance with the above law.

* 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 ShenzZhen
ShengDeXin Technology CO.,LTD..

+ Information (including circuit diagrams and circuit parameters) herein is for example only ; it is not guaranteed for volume production.
ShenzZhen ShengDeXin Technology CO.,LTD believes information herein is accurate and reliable, but no guarantees are made or implied
regarding its use or any infringements of intellectual property rights or other rights of third parties.

» Any and all information described or contained herein are subject to change without notice due to product/technology improvement, etc.
When designing equipment, refer to the "Delivery Specification” for the ShenZhen ShengDeXin Technology CO.,LTD. product that you

intend to use.
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