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Introduction

The MAX17681/MAX17681A is a high-voltage, high-
efficiency, iso-buck DC-DC converter designed to provide
isolated power up to 5W. The device operates over a
wide 4.5V to 42V input and uses primary-side feedback to
regulate the output voltage. The MAX17681/MAX17681A
uses peak-current-mode control. Low-resistance, on-chip
MOSFETs ensure high efficiency at full load while sim-
plifying the PCB layout. The MAX17681/MAX17681A
devices generate a well-regulated primary side voltage,
which is then scaled by a suitable transformer turns ratio
to derive isolated secondary output rails. While both
the MAX17681 and MAX17681A support primary side
overcurrent protection, the MAX17681A is an enhanced
design that also supports robust secondary-side over-
current protection. The MAX17681/MAX17681A is avail-
able in a compact 10-pin (3mm x 2mm) TDFN package.
Simulation models are available.

Benefits and features:

e Reduces External Components and Total Cost
» No Optocoupler
* Synchronous Primary Operation
» All-Ceramic Capacitors, Compact Layout

e Reduces Number of DC-DC Regulators to Stock
* Wide 4.5V to 42V Input
* 0.9V 10 0.96 x VIN Primary Output Voltage
» Delivers Up to 5W Output Power

e Reduces Power Dissipation
» Peak Efficiency > 90%
* 0.9pA (typ) Shutdown Current

e Operates Reliably in Adverse Industrial Environments

» Peak and Sink Current-Limit Protection

* Robust Secondary-Side Output Overcurrent Pro-

tection (MAX17681A)

+ +1.7% Feedback Accuracy

* Programmable EN/UVLO Threshold

» Adjustable Soft-Start

» Overtemperature Protection

* -40°C to +125°C Operation
This reference design is derived from the
MAX17681AEVKITF. The three main differences between
MAXREFDES1170 and the MAX17681AEVKITF are as
follows:

e The board size of the MAXREFDES1170 is 20mm x
40mm, which is approximately one-quarter the size of
the MAXREFDES17681AEVKITF.
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e The pin distances of the MAXREFDES1170 are
consistent with Distributed-power Open Standards
Alliance (DOSA) open standards for DC/DC brick
power supplies.

e The reference design has two transformer options,

one is from Wurth and the other is from the transform-
er vendor HanRun.

With the above three features, customers can reduce the
whole solution size and cost. Customers can also mount
this reference design on system boards.

Hardware Specification

An iso-buck DC-DC converter using the MAX17681A is
demonstrated for a 24V DC output application. The power
supply delivers up to 100mA at 24V. Table 1 provides an
overview of the design specification.

Table 1. Design Specification

PARAMETER | symBoL | mMIN | mAX
Input Voltage Vi 17V 36V
Switching Frequency faw 200kHz
Peak Efficiency n 92%
Duty Cycle D 28.7% 60%
Output Voltage Vour 23V 25.2V
Output Voltage Ripple AVour 320mV
Output Current lout 0A 100mA
Output Power Pour 2.4W

Designed—Built-Tested

This reference design describes the hardware shown
in Figure 1. It provides a detailed systematic technical
guide to design an iso-buck converter using Maxim’s
MAX17681A current mode controller. The power supply
has been built and tested, details of which follow later in
this document.
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Figure 1. MAXREFDES1170 Hardware
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Iso-Buck Converter

The iso-buck has a synchronous-buck-converter-based
topology, useful for generating isolated outputs at low
power levels without using an optocoupler. Figure 2
shows the basic circuit of an iso-buck converter, com-
prising a half-bridge transformer driver and secondary
side filter.

Figure 3 shows the equivalent circuit when the high-
side switch (Qug) is on. During this time, the primary
current ramps up and stores energy in the transformer
magnetizing inductance (Lpg;) and the primary capacitor
(Cpr)) The secondary side diode is reverse-biased, and
the load current is supplied by the secondary-side filter
capacitor (Coyr)-
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Figure 2. Iso-buck topology.
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Figure 3. On-period equivalent circuit.
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Figure 4 shows the equivalent circuit when the low-side Operating waveforms of the converter are shown in Figure

switch (Q_g) is on. During this time, the secondary diode 5. Neglecting diode drop Vp, transformer resistances, and
gets forward-biased. The primary current ramps down leakage inductance, the output voltage Vgt is proportion-
and releases stored energy in the transformer magne- al to the primary output voltage Cpg, and is regulated by
tizing inductance and the primary capacitor to the load. the MAX17681/MAX17681A control loop.
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Figure 4. Off-period equivalent circuit.

A
Al INPK_PRI /\

\
\ lAlNEGPKPRI
]

A
: AIPK_SEC
\

DxTs (1-D)xTs

\
A

Figure 5. Iso-buck operating waveforms.

www.maximintegrated.com Maxim Integrated | 3



Design Procedure for the
Iso-Buck Converter

Now that the principle of operation of the iso-buck is
understood, a practical design example can be illus-
trated. The converter design process can be divided
into different stages, such as power stage design and
setup of the MAX17681 iso-buck peak current mode
controller. This document is primarily concerned with the
power stage design, and the other circuit is intended to
complement the information contained in the MAX17681
data sheet for details on how to set up the protection
functions of the controller.

The following design parameters are used throughout:

VN = Input Voltage

Vinu = Input Under-Voltage Lockout Level
tss = Soft Start Time

Vo = Output Voltage

Al = Primary Ripple Current

lo = Output Current

fsw = Switching Frequency

Duyax = Maximum Duty Cycle

K = Secondary to Primary Turns Ratio
Ver = Primary Voltage

lpk pri = Primary Peak Current

lpri_rms = Primary RMS Current
lpk_sec = Secondary Peak Current
lpri_rRMs = Secondary RMS Current

The above symbols are sometimes followed by paren-
theses to indicate whether minimum or maximum values
of the parameters are intended, for example: mini-

mum input voltage is intended by the symbol V yminy.
Otherwise typical values are intended. In addition,
through the design procedure reference is made to the
schematic in another document.

Step 1: Primary Output Voltage Selection

Primary output voltage is regulated by the MAX17681/
MAX17681A control loop. The primary output voltage
can be calculated by using the following equation:

Vperi = Duax X Vinmin
where Dyax is the maximum duty cycle of the converter
and Vi) is the minimum input voltage. Maximum
duty cycle should be in the range of 0.4 to 0.6 for ideal
iso-buck operation. In this design we use 0.6 as the
maximum duty cycle, so

Vpg = 0.6 x 17 = 10.2V

Step 2: Adjusting the Primary Output Voltage

The primary output voltage is set with a resistor-divider
from the primary output to FB to GND (see Figure 6).
Choose R2 in the range of 10k to 49.9k and calculate
R1 using the equation:

R1=R2x [M - 1]
0.9
Choose R2 = 10.5k, so:
R1 :10.5><(E—1J:108.5k
0.9

Choose R1 = 110k, so Vpg, = 10.33V
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Figure 6. Adjusting the primary output voltage.
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Step 3: Transformer Turns Ratio Selection
Neglecting the diode drop Vp, transformer resistances,
and leakage inductance, the iso-buck output voltage
Vour is proportional to the primary output voltage Vpg.
The turns ratio (K) is given by the following equation:

_ NSEC _ VOUT +VD _ 24 +0.5
NpR| VPRI 10.33

K =2.37

The turns ratio can be adjusted to match the readily
available off-the-shelf transformer turns ratio by adjust-
ing the primary output voltage.

Step 4: Primary Inductance Selection
The primary inductance value determines the ripple cur-
rent in the transformer. The required primary inductance
is given by the equation:

Lpri =7 X Vpg = 7 x 10.33 = 72.31uH

where Lpg, is the primary inductance in pyH and Vpg is
the primary output voltage. The primary ripple current
can be calculated using the following equation:

Vv
VPR X (1 —PR'J 10.33 x (1 _@]
VinJ _ 1 —0.28A

Al= _
200x103 x72.31x107°

fsw xLpRl

where Lpg, is the primary inductance in H, fgy is the
switching frequency in Hz, Vpg, is the primary output
voltage, V| is the input voltage.

Step 5: Winding Peak and
RMS Currents Calculation

The winding peak and RMS current ratings should be
specified for selecting the iso-buck transformer. Primary
and secondary winding peak currents are given by the
following equations:

IPK_PRl :IO XK+%|=O.1X2.37+%=0.377A
2x| 2x0.1
lPK_SEC = 1_[()) =10 oA

Where |g is the secondary load current, K is the second-
ary turns ratio, D is the duty cycle, and Al is the primary
ripple current. Primary RMS current is the sum of the
high-side and low-side switch RMS currents.

The high-side switch RMS current is given by the follow-
ing equation:

|2

2 A
IHS_RMS =\/D><(|o XK) +E =

2
\/0.6 x[(0.1>< 237)%+ 0'12;3 ] ~0.194A
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The low-side switch RMS current is given by the follow-
ing equation:

12 | 3x(1-D)

2 2
(|OXK)2+AI+[4X(IOXK)}
IL.s rRms =v1-Dx

X[z it()111t>) T (él x K)]

2 0.282
N

12

[4><(0.1><2.37)2]X

(0.1x2.37)

ILs RMs =v1-0.6x =0.35A

3x(1-0.6)

18-1 028
2x(1-0.6)  4x(0.1x2.37)

The primary winding RMS current is given by the follow-
ing equation:

| = 25 2=
PRI_RMS =4/lHS RMs” +lLs_Rwms

0.1942 +0.352 = 0.4A

The secondary winding RMS current is given by the
following equation:

1
Isec_RmMs =2xlo XJW =

1

xXU.

2x0.1x =0.183A

Step 6: Leakage Inductance

Transformer leakage inductance (L gak) plays a key role
in determining the output voltage regulation. For better
output voltage regulation, leakage inductance should
be reduced to less than 1% of the primary inductance
value. Higher leakage inductance also limits the amount
of power delivered to the output.

Step 7: Primary Output
Capacitor Selection

X7R ceramic output capacitors are preferred, due to
their stability over temperature in industrial applications.
The minimum required output capacitance is given by
the following equation:

lo xKxD B
fgw x0.01x VpR|

0.1x2.37x0.6
200x103x0.01x10.33

CpRri =

=6.88yF
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Step 8: Secondary Output

Capacitor Selection

A secondary side capacitor supplies load current when
the high-side switch is on. The required output capaci-
tance to support 1% steady state ripple is given by the
following equation:

|O><D

Cour = -
OUT =g x0.01x Vour

0.1x0.6
200x103 x0.01x 24

Dielectric materials used in ceramic capacitors exhibit
capacitance loss due to DC bias levels and should be
appropriately derated to ensure the required output
capacitance is obtained in the application.

=1.25uF

Step 9: Input Capacitor Selection

Ceramic input capacitors are recommended for the IC.
The input capacitor reduces peak current drawn from
the power source and reduces noise and voltage ripple
on the input caused by the switching circuitry. In appli-
cations where the source is located distant from the
device input, an electrolytic capacitor should be added
in parallel to the input ceramic capacitor to provide nec-
essary damping for potential oscillations caused by the
longer input power path and input ceramic capacitor. The
required input capacitance can be calculated using the
following equation:

C :IOXKXDMAXX(1_DMAX)
IN fSW XAV|N
0.1x2.37x0.6x0.4

200x103 x0.02x17

=0.84uF

AV)y is the input voltage ripple, normally 2% of the mini-
mum input voltage, Dyax is the maximum duty cycle, and
fsw is the switching frequency of operation.

Step 10: Secondary Diode Selection

A secondary rectifier diode should be rated to carry peak
secondary current and to withstand reverse voltage
when the high-side switch is on. A Schottky diode with
less forward-voltage drop should be selected for better
output voltage regulation. The peak current rating of the
diode is given by the following equation:

2><|O _%
1-D 0.4

lPk_DIODE = =0.5A
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The peak reverse voltage rating of the diode is given by
the following equation:

Vbiope = (Vinmax) — VeRi) <K + Vo =
(36 —10.33)x 2.37 + 24 = 84.84V

Step 11: Soft-Start Capacitor Selection

The MAX17681/MAX17681A implements an adjustable
soft-start operation to reduce inrush current. A capacitor
connected from the SS pin to GND programs the soft-start
period. The soft-start time (tgg) is related to the capacitor
connected at SS (Cgg) by the following equation:

CSS =555 x tSS
where tgg is in milliseconds and Cgg is in nanofarads.

Step 12: Input Under-Voltage

Lockout Level Setting

The device offers an adjustable input under-voltage-lock-
out level. Set the voltage at which the device turns on with
a resistive voltage-divider connected from Vy to GND
(see Figure 7). Connect the center node of the divider to
EN/UVLO. Choose R1 to be 3.3MQ max and then calcu-
late R2 as follows:

_R1x1.218
ViNu

R2

where V| is the voltage at which the device is required to
turn on. Choose R1 = 3.01MQ, V\\u = 14V, so R2 = 261kQ

Vin
Vi

MAX17681

R1 MAX17681A

EN/UVLO

R2

Figure 7. Adjusting EN/UVLO network

Design Resources

For the complete set of design resources, including
schematics, bill of materials, and PCB layout, go to
www.maximintegrated.com/AN6692 and click on the
Design Resources tab.
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