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AP3403

APPLICATION NOTE 1123
600mA STEP-DOWN DC/DC CONVERTER WITH SYNCHRONOUS RECTIFIER

General Description

The AP3403 is a 2.0MHz fixed frequency, current mode, PWM synchronous buck (step-down) DC-DC converter, capable of driving a 600mA load
with high efficiency, excellent line and load regulation. The high efficiency is easily configured by using an inductor, resistors and capacitors as the
external components. Current mode control provides fast transient response and cycle-by-cycle current limit.

The AP3403 employs complete protection to ensure system security, including input Over Voltage Protection, input Under Voltage Lock Out,
programmable Soft Start, Over Temperature Protection and hiccup mode Short Circuit Protection.

The AP3403 supports a range of input voltage from 2.3V to 5.5V, allowing the use of a single Li+/Li-polymer cell, USB and other standard power
sources. The output voltage is adjustable from 0.7V to input voltage.

This IC is available in U-DFN1616-6 package.

Features

. High Efficiency Buck Power Converter
e Input Voltage Range: 2.3V to 5.5V

e  Output Voltage Range: 0.7V to 5.5V
. Fixed 2.0MHz Oscillator Frequency
. Built-in Soft-start Time

. Built-in Over Current Protection

. Built-in Thermal Shutdown Function
. Built-in UVLO Function

. Hiccup Mode SCP

. Output Current: 600mA

e Package: U-DFN1616-6

Applications

e Post DC-DC Voltage Regulation
e  PDA and Notebook Computer

Typical Application Schematic
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Application Information

Setting the Output Voltage

The output voltage is set using a resister voltage divider from the output to FB pin. The output voltage is calculated as below:

R,+R
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First, select a value for R2, then, R1 is determined. The output voltage is given by Table 1.
Vourt R1 R2 Cst
1.0v 120KQ 180KQ 22pF
1.2v 180KQ 180KQ 22pF
1.5V 270KQ 180KQ 22pF
1.8V 240KQ 120KQ 22pF
2.5V 380KQ 120KQ 15pF
2.8V 275KQ 75KQ 15pF
3.3V 270KQ 60KQ 15pF

Table 1: Resistor Selection for Output Voltage Setting

Inductor Selection

The inductor is used to supply smooth current to output when it is driven by a switching voltage. Its value is determined based on the operating
frequency, load current, ripple current, and duty cycle. For most application, the value of the inductor will fall in the range of 1.5uH to 4.7pH. Choose
an inductor that has small DC resistance, has enough current rating and is hard to cause magnetic saturation.

Vour 1.0v 1.2v 1.5v 1.8v 2.5V 2.8V 3.3V

L 2.2uH 2.2uH 2.2uH 2.2uH 2.2uH 4.7uH 4.7uH

Table 2: Inductance Selection

Input Capacitor

Good quality input capacitor is necessary to filter noise at input voltage source and limit the ripple voltage of input while supplying most of the switch
current during the on-time. For input capacitor selection, ceramic capacitor is recommended because they provide both low impedance and small
footprint. But tantalum or low electrolytic capacitor is also sufficed.

The important parameters for the input capacitor are the voltage rating and the RMS current rating. The voltage rating should be at least 1.25 times
greater than the maximum input voltage, while a voltage rating of 1.5 times is conservative. The RMS of input capacitor current is calculated as:

VOUT 1— VOUT

ICIN_RMS= IOUT(MAX)>< Y Vv
IN IN

I cin_rwmis : The RMS of input capacitor current.

As indicated by the RSM ripple current equation, highest requirement for RMS current rating occurs at 50% duty cycle. So the RMS ripple current
rating of input capacitor should be greater than half the output current under this worse case. For reliable operation and best performance, ceramic
capacitors are preferred for input capacitor because of their low ESR and high ripple current rating. And X5R or X7R type dielectric ceramic
capacitors are preferred for their better temperature and voltage characteristic. Additional, when selecting ceramic capacitor, make sure it has
enough capacitance to provide sufficient charge to prevent excessive voltage ripple at input.

The capacitance of Cy should be more than or equal to 4.7uF.
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Application Information (cont.,)

Output Capacitor

The output capacitor is selected based upon the desired output ripple and transient response. The output voltage ripple depends directly on the
ripple current and it is affected by two parameters from the output capacitor: total capacitance and the equivalent series resistance (ESR). The
output ripple voltage can be found from:

1

AVyy = Al x| Regs + <7
out * Tsw

AVOUT : The output ripple voltage.

RESR : The equivalent series resistance of output capacitor.

For lower output ripple voltage across the entire operating temperature range, X5R or X7R dielectric type of ceramic, or other low ESR tantalum
capacitor or aluminum electrolytic capacitor are recommended. The capacitance of Cout should be more than or equal to 10puF and the output
capacitor voltage rating should be greater than 1.5 times of maximum output voltage.

PCB Layout Guideline
PCB layout is an important part of DC-DC converter design. Poor board layout can disrupt the performance of the converter and surrounding
circuitry by contributing to EMI.

Power Path Length

The power path of AP3403 includes an input capacitor, output inductor and output capacitor. Place them on the same side of PCB. The GND trace,
the SW trance and the VIN trance should be kept short, direct and wide. AGND and PGND must be wired to the GND plane when mounting on
boards.

Feedback Net
Special attention should be paid to the route of the feedback ring. The feedback trace should be routed far away from the inductor and noisy power
trace. Try to minimize trace length to the FB pin and connect feedback network behind the output capacitors.

Via Hole
Be careful with the via hole. Via will result high resistance and inductance to the power path. If heavy switching currents must be routed through

vias and/or internal planes, use multiple vias parallel to reduce their resistance and inductance.

Figures 1 and 2 are examples of AP3403 PCB layer.
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Application Information (cont.,)
AP3403 DEMO §1  voUT
Figure 2: Bottom Layer
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and determinative format released by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.
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