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Introduction

This reference design MAXREFDES1139 uses the
MAX18066, which is a current-mode, synchronous,
DC-DC buck converter which delivers an output current
up to 4A with high efficiency. The MAXREFDES1139
operates from an input voltage of 10.8V to 13.2V and
provides an output voltage of 5V. It features a pulse-width
modulation (PWM) mode operation with an internally
fixed switching frequency of 500kHz and automatically
enters skip mode at light loads. The current-mode control
architecture simplifies compensation design and ensures
a cycle-by-cycle current limit and fast response to line
and load transients. A high gain transconductance error
amplifier allows flexibility in setting the external com-
pensation. It has internal MOSFETs that provide better
efficiency, minimize electromagnetic interference (EMI),
reduce board space, and provide higher reliability. There
are additional features which include an externally adjust-
able soft-start, independent enable input and power-good
output for power sequencing. This reference design is
ideal for distributed power systems, notebook computers,
nonportable consumer applications, and pre-regulation
applications.

Hardware Specification

In this document, the MAX18066, a current-mode, syn-
chronous, DC-DC buck converter is demonstrated for a
5V output application. The power supply delivers up to 4A.
Figure 1 shows the MAXREFDES1139 hardware, while
Table 1 shows an overview of the design specifications.

5V/4A Synchronous Buck Converter
using the MAX18066

MAXREFDES1139

Table 1. Design Specifications

PARAMETER SYMBOL MIN TYP MAX
Input Voltage Vin 10.8V 12v 13.2V
Output Voltage Vour 5V
Output Current lout 4A
Output Ripple AVoyr 1%

Input Ripple AV 1%
Output Undershoot Vus 3%
Output Overshoot Vos 3%
Frequency faw 500kHz
Efficiency n 94.8%
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Figure 1. MAXREFDES1139 hardware.
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Designed—Built-Tested

This document describes the hardware shown in
Figure 2 . It provides a detailed systematic technical guide
to design a step-down (buck) DC-DC converter using the
Maxim’s MAX17501 synchronous step-down DC-DC con-
verter. The power supply has been built and tested, and
details which follow later in this document.

Design Procedure for MAXREFDES1139

Step 1: Input Capacitor

For a step-down converter, input capacitor Cyy helps to
reduce the input ripple voltage, despite the discontinuous
input AC current. A low equivalent series resistance (ESR)
capacitors are preferred to minimize the voltage ripple
due to ESR. For the low-ESR input capacitors, size Cy
uses the following formula:

| v
CiN = LOAD . Yout
fsw xAVIN RIPPLE VN
4x5

= 34.3yF

CiNemin =
INmin = 550000 %0.01x10.8x10.8

Two 47pF X5R TMK325ABJ476MM capacitors are used
for the input capacitor. An additional 47uF electrolytic
capacitor EEE-FK1E470P can be added in parallel to
the ceramic capacitors to provide necessary damping for
potential oscillations caused by a longer input power path
and for reducing line side ripples.

Step 2: Inductor

Typically, the inductor value is chosen to have current rip-
ple equal to 30% of load current. Inductance is calculated
with the following formula:

x[1

X 1—i =5.175uH
13.2

B 5

_Vour |_
500000 x 0.3 x 4

ViIN

__Vour
fSW X AlL

where fg, is the internally fixed switching frequency of
500kHz and Al is the estimated inductor ripple current:

Al =LIRxI oap =0.3x4=1.2A

where LIR is the inductor current ratio. Considering the
worst-case for a minimum switching frequency of 450kHz,
a 6.8uH COILCRAFT inductor XAL8080-682ME is cho-
sen with a DCR value of 14.5mQ. In addition, the peak

Al 0.3x4

2

is below both the minimum high-side current-limit value
(7.7A, typ), and the inductor saturation current rating I, gar-
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Figure 2. MAX18066 Circuit (5V Output, 4A Load Current, 500kHz Switching Frequency).
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Step 3: Output Capacitor

The output capacitor is selected to support a step load
of 50% of the load current specified in the design speci-
fications, so the output-voltage deviation is contained to
+/-3% of the output-voltage change. The output capaci-
tance based on the Load Transient is determined by the
load step current (Al oap), the allowable output-voltage
deviation (AVoyt 0s), the target closed loop cross-over
frequency (foo). The capacitance is calculated using the
following equation provided in the data sheet:

AlLoAD _ 2
3fCO X AVOUT_OS 3x50000x0.03x5

COUT = =88.9pF

The ESR of the output capacitor also affects the overall
stability. Furthermore, the output capacitor chosen should
be able to keep the output ripple within defined limits. The
output ripple is composed of the output capacitance and
ESR. The ripple due to the equivalent series inductance
(ESL) is neglected. When using ceramic capacitors, which
generally have low-ESR, ripple due to capacitance domi-
nates. For calculation purpose, it is assumed that 90% of
the total output ripple is contributed by capacitance.

AVout = VRIPPLE(C) * VRIPPLE(ESR)

The peak-to-peak inductor current is calculated using the
following formula:

Al =-Yout_ |1_Your |_ 5
fow xL ViN ) 500000 x0.0000068

X (1 —i] =0.86A
12

The output Capacitance and ESR is calculated based on
ripple as below:

Alp_
VRIPPLE(C) = m

Alp_p 0.86

COUTppin = = =
M0 8x VrippLE(C) *fsw 8% 0.045x 500000

4.7uF

VRIPPLE(ESR) = Alp—p XESR

_ VRIPPLE(ESR) _ 0.005

ESR max = =5.8mQ
max Alp_p 0.86
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The maximum of above calculated output capacitance
values, which is 88.9uF, is considered for component
selection. The nominal capacitance of the capacitor is
derated based on the bias voltage. So, considering 20%
tolerance, capacitors in parallel with total actual capac-
itance value greater than or equal to 106pF should be
sufficient to achieve the specifications. The capacitor
C3216X5R1A107M160AC shown in Figure 3 is chosen
as it offers 28.76uF actual capacitance considering DC
bias and 1.75mQ of ESR. The voltage rating of the capac-
itor is 10V, which is significantly greater than the output
voltage.

Step 4: Soft-Start Capacitor

The soft-start capacitor connected from the SS pin to
GND programs the soft-start period. The soft-start is used
to reduce the inrush current by ramping up the output volt-
age slowly. A longer soft-start time reduces the charging
rate of the output capacitor and limits the inrush current.

The soft-start capacitor is related to the soft-start current
and soft-start time by the following equation:
Co = ISS XtSS _ 5uA x 1ms
27" Vg 0.606V

=8.25nF

The output capacitance (Coyt) and the output voltage
determine the minimum required soft-start capacitor by
following the equation given below:

¢, > Cout xVout xlss
(HscL —louT)* VB
106 x5 x 54
(7.7 - 4)x 0.606
C,>1.182nF
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Figure 3. Output Capacitor DC Bias.
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C, of 10nF which is sufficiently above the minimum
requirement is chosen.

Step 5: Resistor Divider Network

The MAX18066 offers an adjustable output voltage from
0.606V to 90% of the Input Voltage. The output voltage is
set by placing a resistor divider from Vg7 to the ground
(GND) using resistors R; and Rg. A typical lower feedback
resistor for Rg is selected as 10kQ+1% which is connect-
ed from FB to GND. The upper feedback resistor R; is
calculated as:

Ry :RSX(M_1J
VFB

=10k x S -1
0.606

=72.5kQ

Hence, R = 73.2kQ +1% is selected which is connected
from Vgt to FB.

Step 6: Compensation Network
1) Desired crossover frequency is chosen as
feo = faw/10 = 50kHz .

2) As the MAX18066 is operated with peak cur-
rent-mode control, type-Il PI controller is used for
compensation. The compensation resistor R, is calcu-
lated as follows:

R R7+R8 infCO XCOUT
4=
Rg IMmv X 9IMC

Where gyy = 1.6mS and gyc = 9S are error-ampli-
fier transconductance and current sense to COMP
transconductance, respectively. Replacing the
other parameters per selected components earlier,
R, = 19.24kQ

3) The compensation capacitor C, is calculated as
below:

R
2nxfoco xRy
Cy4 2827pF
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4) The phase leading capacitor C; is added which helps
to reduce the phase lag of the damped half-frequency
double pole. Adding a second zero near but below
the desired crossover frequency increases both the
closed-loop phase margin and crossover frequency.
The capacitor C; is calculated as follows:

1
7 <
27‘C><fCO X(R7 || RB)
C7 <362pF

5) To get a stable compensation network, the order of
pole-zero must be as follows:

fp1 <fp2 <fz1 <fco <fzrF <fp3 <fz2

The following equations are used to calculate the
pole and zero locations. For more details, refer to the
MAX18066 data sheet.

amv

fp1=
27x C 4 x 10AVEA(dB)/20
¢ 1
p2 =
K 1-D)-0.5
ZEXCOUTX( 1 +[ SX( ) :I]
RLoAD fow xL

Where, Kg is the slope compensation factor, D is the
duty cycle and L is the inductance.

f
fP3=—32W
for
a 2nxRy4xCy

1
for =
227 21xCout XESR

6) The parallel compensation capacitor of C5 = 10pF is
selected for high frequency pole.

7) To get the pole-zero order as mentioned in the previ-
ous comment and based on the AC Loop simulation
in EE-SIM shown in Figure 4, compensation compo-
nents are selected as R, = 16.9kQ +1%, C, = 3300pF
and C; = 150pF.
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https://datasheets.maximintegrated.com/en/ds/MAX18066-MAX18166.pdf
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Figure 4. AC Loop Simulation using EE-SIM tool.

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/7544.html
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