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Introduction

The MAXREFDES1196 is a DC-DC boost power supply
that delivers up to 4A at 24V from a 10V to 18V supply volt-
age. It is designed for equipment that needs a high-power,
24V output voltage that is generated from a 12V DC bus.

The MAXREFDES1196 employs techniques that use the
boost regulators to generate voltage higher than input
voltage. This document explains how the MAX17499B
current-mode PWM converter can be used to generate 24V
from 10V to 18V input voltage. An overview of the design
specification is shown in Table 1.

The MAX17499B current-mode PWM controller contains
all the control circuitry required for the design of wide-input-
voltage isolated and nonisolated power supplies. The
MAX17499B is well suited for low input voltage (9.5Vpc
to 24Vpc) power supplies. An input undervoltage lockout
(UVLO) is provided for programming the input-supply start
voltage and to ensure proper operation during brownout
conditions. An open-drain UVLO flag output with 210us
internal delay allows the sequencing of a secondary-side
controller. The input-supply start voltage is externally
programmable with a voltage-divider. A UVLO/EN input
is used to shut down the devices. Internal digital soft-
start eliminates output voltage overshoot. The switching
frequency for this IC is programmable with an external
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resistor. The MAX17499B provides a 75% maximum
duty-cycle limit. This device is available in 10-pin uMAX®
package and is rated for operation over the -40°C to
+125°C temperature range.

Designed — Built — Tested

This document describes the hardware shown in Figure 1. It
provides a detailed, systematic technical guide to design a
boost converter using the MAX17499B current-mode PWM
controller. The power supply has been built and tested,
details of which follow later in this document.

Table 1. Design Specification

PARAMETER | symBoL | MIN | MmAX
Input Voltage Range Vi 10V 18V
Switching Frequency faw 500kHz
Peak Efficiency n 95%
Duty Cycle D 265% | 59%
Output Voltage Vour 23.76V | 24.24V
Output Current lout 0A 4A
Output Voltage Ripple AVoyr 240mv
Output Power Pour 96W

Figure 1. MAXREFDES1196 hardware.
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Boost Converter

A boost converter (step-up converter) is a DC-DC power
converter that steps up voltage (while stepping down
current) from its input to its output. The key principle that
drives the boost converter is the tendency of an inductor
to resist changes in current by creating and destroying a
magnetic field. In a boost converter, the output voltage
is always higher than the input voltage. A schematic of a
boost power stage is shown in Figure 2.

Figure 3 shows that when the switch is on, current flows
through the inductor in a clockwise direction and the

inductor stores some energy by generating a magnetic
field. The polarity of the left side of the inductor is positive.
During this period, the diode D1 is reverse biased, so
there’s no current flow through the diode.

Figure 4 shows that when the switch is off, current is
reduced as the impedance is higher. The magnetic field
previously created is destroyed to maintain the current
toward the load. Thus, the polarity is reversed, meaning
the left side of the inductor is negative. As a result, the two
sources are in series, causing a higher voltage to charge
the capacitor through the diode D1.
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Figure 2. Conventional step-down converter topology.
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Figure 3. Switch on-period equivalent circuit.
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Figure 4. Switch off-period equivalent circuit.
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In a steady-state operating condition, the average voltage
across the inductor over the entire switching cycle is zero.
This implies that the average current through the inductor
is also in a steady state. This is an important rule govern-
ing all inductor-based switching topologies. Taking this
one step further, we can establish that for a given charge
time (toy) and a given input voltage and with the circuit
in equilibrium, there is a specific discharge time (togg) for
an output voltage. Because the average inductor voltage
in steady state must equal zero, we can calculate for the
boost circuit as follows:

VINxtoN = torF x VL
And because:
Vout =VIN+ VL

we can then establish the following relationship:

ton
VOUT = V|N X{']-J— tOFFj

Using the relationship for duty cycle (D):

__ ton
ton +toFF

Then for the boost circuit:

ViN
Voutr =175

Design Procedure for the
Boost Converter

The previous section introduced the principles of boost
operation. This section discusses a practical design
example. The design process can be divided into the
following selection stages: switching frequency and
output voltage, inductor and capacitors, and MOSFET
and diode. This document complements the information
contained in the MAX17499B data sheet. The following
abbreviations are used throughout this document.

PARAMETER | SYMBOL
Output Load lout
Inductor Peak Current (198
Inductance of the Inductor Lin
Input Capacitance Cn
Output Capacitance Cour

www.maximintegrated.com

The design parameters are sometimes followed by
parentheses to indicate whether minimum or maximum
values of the parameters are intended, such as Vg to
indicate minimum input voltage. Otherwise, typical values
are intended.

Step 1: Switching Frequency Selection

To reduce the total size of the solution, choose 500kHz as
the switching frequency. Use an external resistor at the
RT pin to program the MAX17499B’s internal oscillator
frequency between 50kHz and 2.5MHz. The MAX17499B
output switching frequency is 25% of the programmed
oscillator frequency with a 75% maximum duty cycle,
which is from 12.5kHz to 625kHz. Use the following
equation to determine the appropriate value of resistor R7
needed to generate 500kHz at the NDRV output:

10 10
Ry 100 _ 10

- - =50000Q
4fsw  4x(500x10%) Hz

where R7 is the resistor connected from RT to GND.
A 5.1kQ resistor was chosen for R7 in this reference
design. Connect an RC network in parallel with R7. The
RC network should consist of a 100nF capacitor, C10, (for
stability) in series with resistor R8, which serves to further
minimize jitter. Use the following equation to determine
the value of R8:

1 1
R8 =88.9x(R7)4 =88.9x(5100Q)4 = 7510

Step 2: Output Voltage Calculation

The MAX17499B includes an internal error amplifier to
regulate the output voltage in the case of a nonisolated
power supply. Calculate the output voltage using the
following equation:

56kQ
)XVREF =(1+ 3KO

R2
VOUT = (1 +

x1.23V =24.19V
R10

where Vgege = 1.23V. The amplifier’s noninverting input is
internally connected to a digital soft-start circuit that grad-
ually increases the reference voltage that is applied to this
input during startup. This forces the output to come up in an
orderly and well-defined manner under all load conditions.

Step 3: Inductor Selection

The design procedure for continuous conduction mode
(CCM) boost starts with calculating the boost converter’s
input inductor at the minimum input voltage. The inductor
ripple current (LIR) can be chosen between 30% and 60%
of the maximum output current.

ViN(MIN) % Dmax x (1-Dyax )
IN =

10Vx059x(1-059) .
_ ~ 3.36,

0.36 x 4A x (500 x 10 ) Hz
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where LIR is 36% in this reference design and Dyay, the
maximum duty cycle, is calculated as:

Vout + Vb — VIN(MIN)

D =
MAX Vout + Vb

24V + 0.5V - 10V
24V 105V

=0.59

Vp is the voltage drop across the output diode of the boost
converter at maximum output current. A 3.3uH inductor is
used in this reference design.

Step 4: Peak Current and
Current-Sense Resistor Calculation

For the purposes of setting current limit, the peak current
in the inductor and MOSFET can be calculated as follows:

|pK:0'25XV0UT louT
Linxfsw  1-Dmax
_ 0.25x 24V L _4A
(3.3x1078)Hx(500x103)Hz 1-0.59
=13.4A

The value of current limit, in MOSFET Q1, is set as:

ILim = lpk x1.2=13.4Ax1.2=15.6A

In the case of the MAX17499B, the current-sense resistor
Rcs, which is connected between the source of the
MOSFET Q1 and PGND, sets the peak current limit.
The current-limit comparator has a voltage trip level
(Vcspeak) of 1V. Use the following equation to calculate
the maximum value of Rcg:

1 1V
Rea=+ =WV _6ama
cs 156A O

ILim

Step 5: Input Capacitor Selection

The minimum required input ceramic capacitor can be cal-
culated based on the ripple allowed on the input DC bus.

LIRxloyT

c -
IN(MIN) 8xAV|N xfgw X(1_DMAX)

_ 0.36x4A
8x(10x0.01) Vx (500102 ) Hzx (1~ 0.59)

=8.78uF

where AV is the ripple voltage allowed on input DC bus,
AV = 1%V, in this design.
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In practice, a 470uF electrolytic capacitor is provided
to decouple any source inductance formed by the input
cables. The electrolytic capacitor may also be used as an
energy storage element, which can supply power when
input power fails.

Capacitor values change with temperature and applied
voltage. Refer to capacitor data sheets to select capac-
itors that would guarantee the required Cy and Cgyr
values across the operating range. Use the worst-case
derated value of capacitance based on temperature
range and applied voltage for further calculations.

Step 6: Output Capacitor Selection
The output capacitor is calculated by the following equation:

c _IsTeEP X TRESPONSE
ouT =

ZXAVOUT
_2Ax(35x1078)s
S 2x(24x001)V  TO0KF
033 1
TRESPONSE =~ *7.—
c fsw
__ 033 1 _35ps

(10x103)Hz  (500x103)Hz

where Igrep is the load step, Tresponse IS the response
time of the controller, AVqyt is the allowable output
voltage deviation, and f; is the target closed-loop cross-
over frequency. Frequency fc is chosen in the range of
1/10 to 1/5 of the right half plane (RHP) zero frequency
frup.zERO, Which is calculated as follows:

2
Vourt x(1-Dmax)
lout x2xmxLiN

fRHP, ZERO =

24V x (1-0.59)°
_ _ 48.67KkHz
4Ax2x3.14x(3.3x1076)H

For a boost converter, the output capacitor supplies the
load current when the main switch is on and, therefore,
the output voltage ripple is a function of duty cycle and
load current. Use the following equation to calculate the
output capacitor steady-state ripple voltage:

lout xDmax
Cout xfsw

_ 4A %x0.59 _3omV

(150x1078 ) Fx(500x103 ) Hz

AVeour =
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Step 7: Output Diode Selection

Ideally, the voltage rating of the output diode for a boost
converter equals the output voltage. In practice, para-
sitic inductances and capacitances in circuit layout and
components interact to produce voltage overshoot during
the turn-off transition of the diode, which occurs when
the main switch Q1 turns on. The diode voltage rating
should, therefore, be selected with the necessary margin
to accommodate extra voltage stress. A voltage rating
of 1.3 x Vgut provides this necessary design margin in
most cases.

The current rating of the output diode is chosen to
minimize the power loss in the component. The average
power loss is given by the product of forward voltage
drop and average diode current. Minimizing the power
loss in the diode at its peak current level (Ipk) gives the
least dissipation in the component. Choose a diode with
minimum voltage drop at Ipo. Select fast recovery diodes
with a recovery time of less than 50ns or Schottky diodes
with low junction capacitance.
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Step 8: External MOSFET Selection

The voltage stress on the MOSFET ideally equals the
sum of the output voltage and the forward drop of the
output diode. In practice, voltage overshoot and ringing
occur due to action of circuit parasitic elements during
the turn-off transition. The MOSFET voltage rating should
be selected with the margin that is necessary to accom-
modate this extra voltage stress. A voltage rating of
1.3 x Vgout provides the necessary design margin in most
cases. The RMS current in the MOSFET is useful in esti-
mating the conduction loss, and is given as:

lout *+/ Dmax _4Ax+/059

1-Dyax 1-0.59

IMOSFETRMS = =7.5A

where Dyax is the duty cycle at the lowest operating input
voltage, and lgyt is the maximum load current.

Design Resources

Download the complete set of Design Resources
including the schematics, bill of materials, PCB layout,
and test files.
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