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Introduction

The MAXREFDES1127 demonstrates how to build a
DC-DC buck converter using the MAX18066 for 2.5V
DC output applications from a 10.8V to 13.2V input. This
reference design delivers up to 3A at 2.5V output. This
design uses a two-layer board.

The MAX18066 current-mode, synchronous, DC-DC buck
converters deliver an output current up to 4A with high
efficiency. The devices operate from an input voltage of
4.5V to 16V and provide an adjustable output voltage
from 0.606V to 90% of the input voltage. The devices are
ideal for distributed power systems, notebook computers,
non-portable consumer.

The devices feature a pulse-width modulation (PWM)
mode operation with an internally fixed switching frequen-
cy of 500kHz capable of 90% maximum duty cycle. The
devices automatically enter skip mode at light loads. The
current-mode control architecture simplifies compensa-
tion design and ensures a cycle-by-cycle current limit
and fast response to line and load transients. Additional
features include an externally adjustable soft-start, inde-
pendent enable input and power-good output for power
sequencing, and thermal shutdown protection. The devic-
es offer overcurrent protection (high side sourcing) with
hiccup mode during an output short-circuit condition. The
devices ensure safe startup when powering into a pre-bi-
ased output.

Hardware Specification

A small size, high-efficiency, synchronous step-down con-
verter using the MAX18066 is shown for a 2.5V/3A
application. Table 1 provides an overview of the design
specification. The measured data and waveforms from the
hardware set up can be found in the Test results.
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2.5VI3A, Synchronous Step-Down
Converter Using the MAX18066

MAXREFDES1127

Table 1. Design Specification

PARAMETER | SYMBOL | MIN | TYP | MAX
Input Voltage Vin 10.8v | 12V | 13.2V
Frequency faw 500kHz
Efficiency n >85%

Output Voltage Vour 2.5V

Load Step lsTep 2Ato 3A
Transient Deviation AVour 75mV

Output Voltage Ripple Vek.pk 25mV
Output Current lour A | — | 3a
Output Power Pour 7.5W

Designed—Built-Tested

This document describes the hardware shown in Figure 1.
It provides a detailed, systematic technical guide for the
design of a buck converter using the MAX18066 for high
voltage and smaller size. For the device operation details,
refer to the MAX18066 data sheet and the MAX18066 EV
kit data sheet. The power supply has been built and tested,
details of which follow later in this document.
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Figure 1. MAXREFDES 1127 Hardware.
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Quick Start

Required Equipment

e AC-DC Power Supply: Chroma Systems 62015L-60-6
e Electronic Load: Keithley® 2380-120-60

e Oscilloscope: Teledyne® LeCroy® WaveSurfer® 3024z
e Multimeter: Keithley DMM6500

Procedure

The reference design is fully assembled and tested. Follow
these steps to verify board operation:

1) Connect the positive and negative terminals of the
power supply to the input connector.

2) Set the power-supply voltage to 12V and the current
limit to 3A.

3) Turn on the power supply.

4) Verify that Vg is close to 2.5V using the digital mul-
timeter (DMM).

5) Verify that the switching frequency is close to 500kHz
by monitoring the switching node voltage with the
oscilloscope.

Design Procedure for a High-Efficiency
Buck Converter

For this reference design, the design process is divided
into the following stages:

e Output-Voltage Selection

e Inductor Selection

e Input Capacitor Selection

e Output Capacitor Selection

e Compensation Network

e BIAS Capacitor Selection

e Soft Start Capacitor Selection
e PCB Layout Guidelines

This document complements the information contained in
the MAX18066 data sheet.

The following design parameters are used throughout this
document:

V|y = Input voltage

Vout = Output voltage

lout = Output current

fsw = Switching frequency

D = Duty cycle

Al pp) = Peak to Peak Inductor Ripple Current

Keithley is a registered trademark of Keithley Instruments, Inc.
LeCroy is a registered trademark of Teledyne LeCroy, Inc.
Teledyne is a registered trademark of Teledyne Technologies, Inc.
Fluke is a registered trademark of Fluke Electronics, Inc
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Step 1: Output-Voltage Selection

Set the output voltage using the R5 and R6 resistors. Vg
is the internal reference voltage, and its minimum value is
0.6V.

R5 = Rs[VOJ _ 1]
VFB
Setting Vout = 2.5V and Vg = 0.6V gives
R5 = R6 x 3.1667
select R6 = 10kQ, which gives R5 = 31.6kQ.

Step 2: Inductor Selection

Inductor is selected based on LIR. LIR is the ratio of the
peak-to-peak inductor current ripple to the average value of
the inductor current. We have chosen an inductor value to
produce a current ripple (Al ) equal to 50% of load current,
giving a LIR of 0.5.

Inductance value required to meet the current ripple:

L1- Vin—Vour)xD
fSW XIOUT xLIR

(12 - 2.5)x (2125j

500k x3x0.5

=2.63uH

Off the shelf inductor of 2.2uH is chosen.

Additionally, we must ensure that the following relation-
ships are satisfied:

Al (p-p)
I saT > Ipeak =louT t—

and

2,1 2
ILRMs > IRms = \/|OUT *120LP-P)
and

Alypop) = Vour (;_Vour
fawxLl ViN

Where,

I_saT - Rated Saturation Current of the Inductor
I rus - Rated RMS Current of the Inductor
lpeak - Peak Current through the Inductor
I.rms - RMS Current through the Inductor
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Hence:

lpeax = 3.9A
and
IRMS = 3.045A

We choose the Coilcraft® XAL1060-222ME with 2.2uH
inductance and 20A I sar and 24A | gys Ssaturation current.

Step 3: Input Capacitor Selection

The input capacitor RMS current requirement (lgrys) is
defined by the following equation:

<= louTvax) %+ VouT * (ViN - Vour)
VIN

where loytuax) is the maximum load current. Igys has
a maximum value when the input voltage equals twice
the output voltage (Vi = 2 X Vouyr), 80 lrms = loutmaxy/2-
Required RMS current rating of the input capacitor is 1.5A.

The following equation shows the capacitor requirement for
a target voltage ripple at the input:

fgw x AVQ

lout is the maximum output current in amps and fgyy is the
switching frequency. Input capacitor is designed for an
Input voltage ripple (AVq) of 1%. Here Cy = 12.86uF. Due
to the capacitor’'s DC bias characteristic and tempera-
ture characteristics, some margin should be reserved.
We have used a combination of ceramic and electrolytic
capacitors to meet both the capacitance and RMS current
requirement. Hence, we have chosen Electrolytic capaci-
tance = 47uF and Ceramic capacitance = (10uF || 0.1uF)
for this design.

Step 4: Output Capacitor Selection

Use the following equations to calculate the output capaci-
tance value due to load transient:

Al oaD

C =—=>N=
out 3x fCO X AVOUT

Al oap is the load step current in amps and fgq is the
unity gain bandwidth (or zero-crossing frequency). Output
capacitor is designed for an output voltage overshoot of 3%

Coilcraft is a registered trademark of Coilcraft, Incorporated.
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for 1A load change and zero-crossing frequency of 50kHz.
Here Cgy is calculated as 88.88uF. Due to the capacitor’s
DC bias characteristic and temperature characteristics,
some margin should be reserved. Hence ceramic capaci-
tors of capacitance = 2x47yuF is used in this design.

For the capacitance chosen the output voltage ripple due
to ESR and capacitance are calculated as:

AVEsR =ESRoyt x Al (p-p)

AV = Alp-p)
@7 8xCour xfsw

AVggr is calculated as 3mV and AV is calculated as
4.82mV. So, the total output voltage ripple comes as
7.82mV which is within the specified limit of 25mV.

Step 5: Compensation Network

The IC uses the current mode-control scheme for a buck
controller. A series resistor (R7) and a capacitor (C13) is
required to have a stable, high-bandwidth loop in applica-
tions where ceramic capacitors are used for output filtering.
For other types of capacitors, due to the higher capaci-
tance and ESR, the frequency of the zero created by the
capacitance and ESR is lower than the desired closed-loop
crossover frequency. To stabilize a non-ceramic output-ca-
pacitor loop, add another compensation capacitor (C14)
from COMP to GND to cancel this zero.

We chose R7 = 5.11kQ, C13 = 8.2nF and C14 = 120pF.
An additional RC circuit was added across the top feed-
back resistor to boost the phase margin. A R5 = 31.6kQ
and C15 = 820pF are selected.

Step 6: Bias Capacitor Selection

The internal circuitry of the IC requires a 5V bias supply.
An internal 5V linear regulator generated this supply. The
Vpp pin is bypassed with a 1uF ceramic capacitor (C4) to
guarantee stability under full-load condition.

Step 7: Soft Start Capacitor Selection

The devices utilize a soft start feature to ramp up the reg-
ulated output voltage slowly to reduce input inrush current
during startup. Connect a capacitor of 0.1uF (C7) from SS
to GND to set the startup time to 12ms.

Step 8: PCB Layout Guidelines

Careful PCB layout is critical to achieve low switching
power losses and clean, stable operation. Use a multilayer
board whenever possible for better noise immunity.
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Follow the guidelines below for a good PCB layout:
e All connections carrying pulsed currents must be very

short and as wide as possible. The inductance of
these connections must be kept to an absolute mini-
mum due to the high di/dt of the currents. If the loop
area is made very small, then the inductance reduces
because the inductance of a current-carrying loop is
proportional to the area enclosed by the loop. Addi-
tionally, small current loop areas reduce radiated EMI.

A ceramic input filter capacitor should be placed close
to the IC’s V| pins. Also, its ground loop to GND
should be short. This eliminates as much trace induc-
tance effects as possible and gives the IC a cleaner
voltage supply. A bias capacitor for the Vpp pin should
also be placed close to the pin to reduce the effects
of trace impedance. Its ground loop to GND should
be short.

nected where switching activity is minimal, typically
the return terminal of the Vpp bias capacitor. Doing
so helps keep the analog ground quiet. The ground
plane should be kept continuous and unbroken as far
as possible. No trace-carrying, high-switching current
should be placed directly over any ground plane
discontinuity.

PCB layout also affects the thermal performance

of the design. A few thermal vias that connect to a
large ground plane should be provided under the IC’s
exposed pad for efficient heat dissipation. The PCB
size, copper thickness, and board layer numbers af-
fect the temperature dissipation capacity of the board.
For this reference design, it can support a 3A load
current with 20z of copper, two layers, and 61mm x
46mm board.

e When routing circuitry around the IC, the analog
small-signal ground and power ground for switching
currents must be kept separate. They should be con-

Design Resources

Download the complete set of Design Resources
including schematics, bill of materials, PCB layout, and
test files.
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https://www.maximintegrated.com/en/design/reference-design-center/ref-circuits/7483.html
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