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1 Introduction
This application note provides a hardware design guide for the DC-DC
converter on the LPC55xx devices and explains how to properly choose
external components for the DC-DC converter. The main part of the
document focuses on the critical parameters of external components and
their implication of incorrect selection, including a PCB design example of the
external component.

2 Theory and uses of DC-DC converters
DC-DC converters are used in portable electronic devices, such as cellular phones and laptop computers, which are supplied
primarily from batteries. Such electronic devices often contain several sub-circuits, each with its own voltage level requirement
different from the level supplied by the battery or an external supply (sometimes higher or lower than the supply voltage).
Additionally, the battery voltage lowers because its stored energy is drained. Switched DC-DC converters offer a method to
increase the voltage from a partially lowered battery voltage and save space (instead of using multiple batteries to achieve the
same goal).

Most DC-DC converter circuits also regulate the output voltage. Exceptions include high‑efficiency LED power sources (which
are DC-DC converters that regulate the current flowing through the LEDs) and simple charge pumps (which double or triple the
output voltage).

Switching converters (such as buck converters in LPC5500) provide much higher power efficiency than DC-DC converters
and linear regulators (simpler circuits that lower the voltage by dissipating the excess power as heat), but do not step up the
output current.

3 Hardware design guide
This chapter summarizes the hardware requirements for external components used for a proper functionality of the DC-DC internal
converter. It contains the recommendation of appropriate component selection and the PCB drawing.

The LPC55xx family consists of six internal regulators (including the DC-DC converter) which are supplied by the main external
supply domain (VBAT 1.8 V – 3.6 V). The connection of all the external components and the MCU needed for a proper DC-DC
functionality is shown in Figure 1.
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Figure 1. External parts

Table 1 summarizes pin names and numbers for all packages.

Table 1. List of pin names and numbers for internal DC-DC converter

Symbol 64-pin HTQFP 98-pin VFBGA 100-pin HLQFP Description

VBAT_DCDC 32 N13 49, 50 Supply of DC-DC
output stage. DC-DC
core supply (references
and regulation stages).

VBAT_ PMU 33 M13 51 Analog supply.

VDD_PMU 28 M9 39 Core supply. For
applications with
DC-DC converter,
VDD_PMU, and FB are
tied at PCB level.

FB 29 N9 45 Feedback node
(regulated output) of
DC-DC converter.

LX 31 N11 48 DC-DC converter
power stage output.

VSS_PMU - M11 - Star ground connection
is managed to PCB
ground plane.

VSS_DCDC 30 N12, M12 46, 47 Star ground connection
is managed to PCB
ground plane.
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Table 2 summarizes typical values and limitations for the external components of the DC-DC internal converter.

Table 2. External parts

Part Min Typ Max Unit

C1 10 22 (X5R or X7R) 47 μF

C2 10 22 (X5R or X7R) 47 μF

C3 80 100 (X5R or X7R) 120 nF

C4 38.7 47 (COG) 56.2 pF

L1 3.87 4.7 10 μH

3.1 Input decoupling capacitors
The 100-nF and 47-pF ceramic capacitors are the input decoupling capacitors for the DC-DC converter. The 10- m F (or 20- m
F) input ceramic capacitor is used to decouple and power the internal DC-DC converter. All the decoupling capacitors must be
placed close to the pin. For the capacitors, there is no ESR value restriction.

3.2 Output filter capacitor
This capacitor sets the voltage ripple value. A minimum value of the output capacitor is 10 μF and it is necessary for the correct
functionality of the DC-DC converter. This capacitor also sets the voltage ripple value, which is very important for the USB power
supply requirements.

If the value of the output capacitor is below the 10 μF, the voltage ripple is higher and it does not meet the requirements of the
internal LDO. Values higher than 22 μF increase the possible noise current.

3.3 Power inductor
The typical inductor value for the most application ranges from 3.7 μH to 5.6 μH. These values are chosen according to the desired
ripple current.

At the expense of a higher output-voltage ripple, small-value inductors result in a higher output current slew rate, improving
the load transient response of the converter. Larger values of inductors lower the ripple current and reduce the core magnetic
hysteresis losses.

Table 3 summarizes the typical values and limitations of the power inductor.

Table 3. Power inductor

Parameter Min Typ Max Unit

Inductance value 3.7 4.7 5.6 μH

Saturation current 350 500 - mA

3.3.1 Saturation current limitation
The minimum value of the saturation current is 350 mA. The recommended saturation current is 500 mA (or higher).

3.4 PCB guide line
To reduce the series resistance from the DC-DC inductor, keep the traces as thick and as short as possible. The ground between
the inputs of capacitors C2, C3, C4, the DC-DC ground pads, and the output capacitor C1 must be on the same plane. It is not
possible to use a via or a strap connection. Figure 2 shows a proper DC-DC ground connection.
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Figure 2. Ground connection

4 Conclusion
This application note summarizes all external components and PCB recommendations of the internal DC-DC converter used in
LPC55xx. For a proper functionality, follow all of these recommendations in your designs with LPC55xx. Efficiency is often the
main purpose to use a DC-DC converter. The use of DC-DC converters increases the efficiency of the conversion from battery
voltage to a low supply voltage. A linear regulator can be used but it cannot achieve the same efficiency as switching regulators.

5 Revision history
Table 4. Revision history

Revision Date Substantive changes

1 22 July 2021 Updated Figure 1, Table 1, and Table 2.

0 February 2019 Initial release.

NXP Semiconductors
Conclusion

Using the DC-DC feature, Rev. 1, 22 July 2021
Application Note 4 / 5



How To Reach Us

Home Page:

nxp.com

Web Support:

nxp.com/support

Information in this document is provided solely to enable system and software implementers
to use NXP products. There are no express or implied copyright licenses granted hereunder
to design or fabricate any integrated circuits based on the information in this document. NXP
reserves the right to make changes without further notice to any products herein.

NXP makes no warranty, representation, or guarantee regarding the suitability of its products
for any particular purpose, nor does NXP assume any liability arising out of the application
or use of any product or circuit, and specifically disclaims any and all liability, including
without limitation consequential or incidental damages. “Typical” parameters that may be
provided in NXP data sheets and/or specifications can and do vary in different applications,
and actual performance may vary over time. All operating parameters, including “typicals,”
must be validated for each customer application by customer's technical experts. NXP does
not convey any license under its patent rights nor the rights of others. NXP sells products
pursuant to standard terms and conditions of sale, which can be found at the following address:
nxp.com/SalesTermsandConditions.

While NXP has implemented advanced security features, all products may be subject to
unidentified vulnerabilities. Customers are responsible for the design and operation of their
applications and products to reduce the effect of these vulnerabilities on customer’s applications
and products, and NXP accepts no liability for any vulnerability that is discovered. Customers
should implement appropriate design and operating safeguards to minimize the risks associated
with their applications and products.

NXP, the NXP logo, NXP SECURE CONNECTIONS FOR A SMARTER WORLD, COOLFLUX,
EMBRACE, GREENCHIP, HITAG, I2C BUS, ICODE, JCOP, LIFE VIBES, MIFARE, MIFARE
CLASSIC, MIFARE DESFire, MIFARE PLUS, MIFARE FLEX, MANTIS, MIFARE ULTRALIGHT,
MIFARE4MOBILE, MIGLO, NTAG, ROADLINK, SMARTLX, SMARTMX, STARPLUG, TOPFET,
TRENCHMOS, UCODE, Freescale, the Freescale logo, AltiVec, C‑5, CodeTEST, CodeWarrior,
ColdFire, ColdFire+, C‑Ware, the Energy Efficient Solutions logo, Kinetis, Layerscape, MagniV,
mobileGT, PEG, PowerQUICC, Processor Expert, QorIQ, QorIQ Qonverge, Ready Play,
SafeAssure, the SafeAssure logo, StarCore, Symphony, VortiQa, Vybrid, Airfast, BeeKit,
BeeStack, CoreNet, Flexis, MXC, Platform in a Package, QUICC Engine, SMARTMOS, Tower,
TurboLink, and UMEMS are trademarks of NXP B.V. All other product or service names
are the property of their respective owners.  AMBA, Arm, Arm7, Arm7TDMI, Arm9, Arm11,
Artisan, big.LITTLE, Cordio, CoreLink, CoreSight, Cortex, DesignStart, DynamIQ, Jazelle, Keil,
Mali, Mbed, Mbed Enabled, NEON, POP, RealView, SecurCore, Socrates, Thumb, TrustZone,
ULINK, ULINK2, ULINK-ME, ULINK-PLUS, ULINKpro, µVision, Versatile are trademarks or
registered trademarks of Arm Limited (or its subsidiaries) in the US and/or elsewhere. The related
technology may be protected by any or all of patents, copyrights, designs and trade secrets. All
rights reserved. Oracle and Java are registered trademarks of Oracle and/or its affiliates. The
Power Architecture and Power.org word marks and the Power and Power.org logos and related
marks are trademarks and service marks licensed by Power.org.

© NXP B.V. 2021. All rights reserved.

For more information, please visit: http://www.nxp.com
For sales office addresses, please send an email to: salesaddresses@nxp.com

Date of release: 22 July 2021
Document identifier: AN12325

http://www.nxp.com
http://www.nxp.com/support
http://www.nxp.com/SalesTermsandConditions

	Contents
	1 Introduction
	2 Theory and uses of DC-DC converters
	3 Hardware design guide
	3.1 Input decoupling capacitors
	3.2 Output filter capacitor
	3.3 Power inductor
	3.3.1 Saturation current limitation

	3.4 PCB guide line

	4 Conclusion
	5 Revision history

