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1 Introduction

SAMA5 are high-performance, ultra-low power ARM Cortex-A5 core based
microprocessors (MPUs) supporting multiple memories, including DDR3, LPDDR3
and QSPI Flash. They are fit for various applications like control panels/HMI, secure
IoT gateways, connectivity, barcode scanners, printers and POS terminal applications.
The low-power features and small packages are ideal for wearables and other battery-
operated consumer devices.

PF1550/PF1510 have multiple power supply, battery charging and power mode
optimizations that are compatible with SAMA5 based applications. This application
note introduces one typical power solution with PF1550/PF1510 to enable and power a
SAMA5x MPU, which can simplify system design and save customer effort.
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2 PF1550 and PF1510

PF1550/PF1510 features three high-efficiency buck converters, three linear regulators, a
DDR reference and an always-on power supply, it is an optimized solution for low-power
portable, smart wearable and Internet-of-Things (IoT) applications. PF1550 and PF1510
are pin-to-pin compatible with the space-saving 5x5mm QFN package.

The difference between PF1550 and PF1510 is that PF1550 integrates one linear 1 A
Li+ battery charger, and it can be powered with a Li battery or a 5 V USB, AC adaptor.
PF1510 does not have a battery charger and only supports 5 V USB, AC adaptor input.

OTP prototyping
(try before buy)

OTP startup configuration
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Figure 1. PF1550 block diagram
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3 Power solution

This section details a PF1550A6 and PF1510A6 power solution for the SAMA5D2 MPU
specifically. The PF1510A6 could power a SAMA5D2 if a lithium battery is not required.
PF1550 and PF1510 have other part numbers that are able to power a SAMA5Dx with
diverse peripherals based on actual requirements. The customer could refer to the
PF1550/PF1510 datasheet to get the detailed configuration of each part number.

Figure 2 shows a PF1550A6 connection with SAMA5D2. Three switchers, three low
dropouts (LDOs) and one always-on regulator VSNVS from PF1550 provide power
supply to the MPU and DDR3L. The power supply default voltage and power-up
sequence configuration is managed by the PF1550 one time programmable (OTP)
functionality, which saves system complexity and customer development time. One
battery charger is integrated within PF1550, which supports charging of a Li-ion or LiPo
battery. PF1550 features various power modes to optimize current consumption.
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Figure 2. PF1550 power solution for SAMA5D2

3.1 Power supply
PF1550 and PF1510 support two input sources with 5 V through VBUSIN or lithium
battery (PF1510 only). A 5 V USB or AC adaptor could power the system and charge the
battery at the same time, if a valid voltage is present at VBUSIN.

Table 2 shows the PF1550A6 and PF1510A6 default voltage configuration. SW1/SW2/
SW3 works in PWM mode in high current load, and adaptive variable frequency pulse
skip mode in light load, which could save current consumption. SW1 also integrates
a dynamic voltage scaling (DVS) module to support output voltage adjustment with
SAMA5D2 core requirements. The VDDFUSE function is the fuse box for programming,
and its valid voltage is 2.25 to 2.75 V. The LDO1 default voltage is 1.8 V, and the voltage
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could be changed to 2.5 V through an I2C command once fuse box programming is
needed.

VSNVS is the always-on power supply for VDDBU of SAMA5D2. The VSNVS input could
be from either VBUSIN, VBAT, or a coin cell battery.
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PF1550\PF1510
output channel

Voltage/V Current
capability/A

Power up
sequence

SAMA5D2 power rail Function

SW1 1.275 1 3 VDDCORE,VDDPLLA,VDDUTMIC,VDDHSIC Core,PLL and USB BU

SW2 1.25 1 3 VDDIODDR DDR3L interface IO

SW3 3.3 1 3 VDDIOP,VDDSDMMC,VDDANA,VDDOSC,VDDISC Peripheral IO

LDO1 1.8 0.3 3 VDDFUSE Fuse box for programming

LDO2 3.3 0.4 2 reserved N.A

LDO3 3.3 0.3 3 VDDMII,VDDAUDIOPLL USB, Audio

VSNVS 3 3 1 VDDBU Slow Clock Oscillator for low power
mode

Table 2. PF1550A6/PF1510A6 power supply configuration

AN13554 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2022. All rights reserved.

Application note Rev. 1 — 28 April 2022
7 / 22



NXP Semiconductors AN13554
NXP PMIC solution for SAMA5Dx series processor

Table1, PF1550A6/PF1510A6 power supply configuration

Figure 3shows the PF1550A6 and PF1510A6 power-up sequence and power-down
sequence. PF1550/PF1510 manages power up for all regulators automatically. Time
slot 0 and slot 1 are not applied to any regulators, but still executed with fixed times.
SAMA5D2 can boot up when RESETBMCU is released, after all regulators finish
powering up. All PF1550/PF1510 switchers and LDOs support soft start with a 2 ms
typical value.
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Figure 3. PF1550A6 and PF1510A6 power up and power down sequence

3.2 Power modes
PF1550/PF1510 configurable power modes can satisfy various SAMA5D2 power
requirements in normal, backup and DDR/self-refresh modes. Figure 4 and Table 3
illustrate PF1550 and SAMA5D2 connections and functions to enable various power
mode controls.
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Figure 4. PF1550 and SAMD22 power mode connection diagram
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PF1550\
PF1510

SAMA5D2 Function

ONKEY WKUP Power on\off and power mode control through ON\OFF button pressing timing detection

PWRON SHDN SAMA5D2 control PF1550\PF1510 powering on\off or entering sleep mode

STANDBY LPM_req SAMA5D2 control PF1550\PF1510 for standby mode

RESETBMCU nRST Reset connection

I2C I2C SAMA5D2 configure and read PF1550\PF1510 I2C register

VSNVS VDD3P3_RTC PF1550\PF1510 always on LDO for SAMA5D2 Back up mode

LICELL NA Back up power supply input for Vsvns once Vbat and Vbusin is not valid

Table 3. PF1550/PF1510 and SAMA5D2 power mode connections
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Figure 5 is a power mode transition and condition diagram:

RUN: All PF1550/PF1510 regulators are on and SAMA5D2 is in normal mode with all
features available.

STANDBY: First-level low-power mode with PF1550/PF1510 regulators on or off, with
voltage configured by SAMA5D2.

SLEEP: Second-level low-power mode with PF1550/PF1510 regulators on or off, with
voltage configured by SAMA5D2.

POWER OFF: Third-level low-power mode with PF1550/PF1510 regulators off, except
VSNVS is on.

SHIP(PF1550 only): All PF1550 regulators and VSNVS are off, current consumption is
lowest value to save battery life.
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Figure 5. Power mode transition

3.3 Lithium battery charging (PF1550 only)
PF1550 integrates one one-cell battery charger with a single VBUSIN power input.
See Figure 6 for a simplified block diagram. VBUSIN operates from 4.0 V to 6.5 V. The
PF1550 internally blocks power from the battery when no valid VBUSIN is present. The
charger supports three battery charging modes: precharge, fast charge constant current
(CC), and fast charge constant voltage (CV). The precharge current, constant current,
and constant voltage are programmable via the I2C-bus. The CC value is configurable
from 100 mA to 1000 mA, and the CV value is configurable from 3.5 V to 4.44 V.
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The PF1550 includes a temperature control function that conforms to the
recommendations specified in the Japan Electronics and Information Technology
Association (JEITA). JEITA guidelines help to improve safety when charging the
lithium batteries. The charger is able to adjust battery charging current and voltage
automatically, based on the battery temperature, which is measured by the thermistor.
Other safety functions to protect the battery and charger are implemented inside the
Li_battery charger: charging timer, battery overvoltage protection, battery overcurrent
limit, VBUSIN voltage regulation control, VBUSIN current limitation, and thermal
regulation.
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Figure 6. PF1550 battery charger simplified block diagram
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4 Schematics
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Figure 7. Schematic of PF1550A6
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Figure 8. Schematic of PF1510A6
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5 Bill of materials
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Value Quantity Part number Description Vendor Part Reference

2.2 μF 1 02016D225MAT2A CAP CER 2.2 μF 6.3 V 20% X5R 0201 AVX C1

47 μF 1 GRM21BR61A476ME15L CAP CER 47 μF 10 V 10% X5R 0805 TDK C2

4.7 μF 7 C1005X5R0J475M050BC CAP CER 4.7 μF 6.3 V 20% X5R 0402 TDK C3,C5,C7,C10,C16,C17,C18

2.2 μF 1 C1005X5R1E225M050BC CAP CER 2.2 μF 25 V 20% X5R 0402 TDK C4

0.47 μF 1 C0603X5R0J474M030BC CAP CER 0.47 μF 6.3 V 20% X5R 0201 TDK C6

1 μF 5 02016D105MAT2A CAP CER 1 μF 6.3 V 20% X5R 0201 AVX C8,C11,C14,C15,C20

0.1 μF 1 GRM033R60J104KE19D CAP CER 0.1 μF 6.3 V 10% X5R 0201 MURATA C9

10 μF 7 C1005X5R0J106M050BC CAP CER 10 μF 6.3 V 20% X5R 0402 TDK C12,C13,C19,C21,C22,C23,C24

LED_RED 1 LS L29K-G1J2-1-Z LED RED SGL 20 mA 0603 NRND OSRAM LED1

1.0 μH 3 DFE201208S-1R0M=P2 IND PWR 1.0 μH@1MHz 2.7 A 20% 2012 TOKO INC. L1,L2,L3

47 Ω 1 RC73L2Z470JTF RES MF 47 OHM 1/16 W 5% 0402 SMEC R1

10 kΩ 1 RC0402FR-1310KL RES MF 10K 1/16 W 1% 0402 yageo R2

10 kΩ 1 NCP15XH103F03RC thermistor, 100 mW, 10 kΩ, ±1 %, 0402 Murata R3

4.7 kΩ 2 RK73B1HTTC472J RES MF 4.7 K 1/20 W 5% 0201 KOA SPEER R4,R5

100 kΩ 6 RK73B1ETTP104J RES MF 100 K 1/1 6 W 5% 0402 KOA SPEER R6,R7,R8,R9,R10,R11

PF1550 1 PC32PF1550A6 IC PWR MANAGEMENT -- QFN40 NXP U1

Table 4. BOM for PF1550A6

Value Quantity Part number Description Vendor Part Reference

2.2 uF 1 02016D225MAT2A CAP CER 2.2 μF 6.3 V 20% X5R 0201 AVX C1

47 UF 1 GRM21BR61A476ME15L CAP CER 47 μF 10 V 10% X5R 0805 TDK C2

4.7 uF 6 C1005X5R0J475M050BC CAP CER 4.7 μF 6.3 V 20% X5R 0402 TDK C3,C7,C10,C16,C17,C18

2.2 uF 1 C1005X5R1E225M050BC CAP CER 2.2 μF 25 V 20% X5R 0402 TDK C4

0.47 uF 1 C0603X5R0J474M030BC CAP CER 0.47 μF 6.3 V 20% X5R 0201 TDK C6

1 uF 5 02016D105MAT2A CAP CER 1 μF 6.3 V 20% X5R 0201 AVX C8,C11,C14,C15,C20

0.1 UF 1 GRM033R60J104KE19D CAP CER 0.1 μF 6.3 V 10% X5R 0201 MURATA C9

Table 5. BOM for PF1510A6
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10 uF 7 C1005X5R0J106M050BC CAP CER 10 μF 6.3 V 20% X5R 0402 TDK C12,C13,C19,C21,C22,C23,C24

1.0 UH 3 DFE201208S-1R0M=P2 IND PWR 1.0 μH@1 MHz 2.7 A 20% 2012 TOKO INC. L1,L2,L3

4.7 K 2 RK73B1HTTC472J RES MF 4.7 K 1/20 W 5% 0201 KOA SPEER R4,R5

100 K 6 RK73B1ETTP104J RES MF 100 K 1/16 W 5% 0402 KOA SPEER R6,R7,R8,R9,R10,R11

PF1510 1 PC32PF1510A6EP IC PWR MANAGEMENT -- QFN40 NXP U1

Table 5. BOM for PF1510A6...continued
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7 Legal information

7.1  Definitions
Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

7.2  Disclaimers
Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not give
any representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.
In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.
Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to
make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.
Customers are responsible for the design and operation of their
applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.
NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default
in the customer’s applications or products, or the application or use by
customer’s third party customer(s). Customer is responsible for doing all
necessary testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications
and the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express,
implied or statutory, including but not limited to the implied warranties of non-
infringement, merchantability and fitness for a particular purpose. The entire
risk as to the quality, or arising out of the use or performance, of this product
remains with customer.
In no event shall NXP Semiconductors, its affiliates or their suppliers
be liable to customer for any special, indirect, consequential, punitive
or incidental damages (including without limitation damages for loss of
business, business interruption, loss of use, loss of data or information, and
the like) arising out the use of or inability to use the product, whether or not
based on tort (including negligence), strict liability, breach of contract, breach
of warranty or any other theory, even if advised of the possibility of such
damages.
Notwithstanding any damages that customer might incur for any reason
whatsoever (including without limitation, all damages referenced above and
all direct or general damages), the entire liability of NXP Semiconductors,
its affiliates and their suppliers and customer’s exclusive remedy for all of
the foregoing shall be limited to actual damages incurred by customer based
on reasonable reliance up to the greater of the amount actually paid by
customer for the product or five dollars (US$5.00). The foregoing limitations,
exclusions and disclaimers shall apply to the maximum extent permitted by
applicable law, even if any remedy fails of its essential purpose.

Translations — A non-English (translated) version of a document, including
the legal information in that document, is for reference only. The English
version shall prevail in case of any discrepancy between the translated and
English versions.

Security — Customer understands that all NXP products may be subject to
unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles
to reduce the effect of these vulnerabilities on customer’s applications
and products. Customer’s responsibility also extends to other open and/or
proprietary technologies supported by NXP products for use in customer’s
applications. NXP accepts no liability for any vulnerability. Customer should
regularly check security updates from NXP and follow up appropriately.
Customer shall select products with security features that best meet rules,
regulations, and standards of the intended application and make the
ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related requirements
concerning its products, regardless of any information or support that may be
provided by NXP.
NXP has a Product Security Incident Response Team (PSIRT) (reachable
at PSIRT@nxp.com) that manages the investigation, reporting, and solution
release to security vulnerabilities of NXP products.

7.3  Trademarks
Notice: All referenced brands, product names, service names, and
trademarks are the property of their respective owners.
NXP — wordmark and logo are trademarks of NXP B.V.
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