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1 General description

The PF09 power management integrated circuit (PMIC) is optimized for high-performance i.MX95 based
applications. It features five high-efficiency buck converters and four linear regulators for powering the
processor, memory and miscellaneous peripherals. PF09 provides low quiescent current in standby and low-
power off modes.

The PF09 is developed in compliance with automotive ISO 26262 and industrial IEC 61508 safety standards,
including safety features, with failsafe outputs and integrated self-test mechanisms, becoming part of a safety
oriented system partitioning targeting high integrity safety levels up to automotive ASIL D and industrial SIL-2.

2 Features and benefits

2.1 System support

» Two external voltage monitoring inputs.
— Dynamic monitoring voltage selection
— Selectable monitoring threshold with up to 1% monitoring accuracy
* Programmable /O interface pins
* Advance frequency management with frequency spread spectrum
* Multi-channel analog multiplexer for system voltage monitoring
» High speed I,C interface with up to 3.4 MHz operation
* Advance thermal monitoring and thermal shutdown protection

2.2 Configuration and enablement

* QFN 56 pins with exposed pad for optimized thermal management

* Permanent device customization via multiple time programmable configuration (OTP and MTP) fuse memory
* OTP Emulation mode for hardware development and evaluation

» Debug mode for software development, MCU programming, and debugging

2.3 Operating range

* Pre-regulated input voltage from 2.7 V to 5.5 V but optimized for 3.3 Vt0 5.0 V

* Ultra-low power always-on LDO supply

* Low power OFF mode with 10 yA quiescent current

* Low power Standby mode with 200 pA quiescent

» Up to five buck regulators with internal power stage and programable current limit and three low dropout linear
regulators with load switch operation

* Operating switching frequency from 1.9 MHz to 3.15 MHz

2.4 Power supplies

» SW1: Single phase synchronous buck converter with integrated field effect transistors (FET). Configurable
output voltage (0.5 V to 3.3 V) and switching frequency, output DC current capability up to 3.5 A, and PFM
mode for low power Standby mode operation.

* SWx: Multi phase synchronous buck converter (4 in total) with integrated field effect transistors (FET).
Configurable output voltage (0.3 V to 3.3 V) and switching frequency, output DC current capability up to 2.5 A,
and PFM mode for low power Standby mode operation.

* LDO1: LDO/Load switch with output voltage from 0.75 V to 3.3 V and up to 500 mA current capability.
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e LDO2 and LDO3: Low power LDO/Load switch with output voltage from 0.65 V to 3.3 V and up to 200 mA
current capability.

* Ultra-low power Always-on LDO supply: Configurable output voltage: 1.8 V, 3.0 V or 3.3 V with up to 2% DC
accuracy.

» Two external voltage monitoring inputs.

2.5 Compliancy

* Electromagnetic compatibility (EMC) optimization techniques for switching regulators, including spread
spectrum, slew rate control, and manual frequency tuning

» Electromagnetic interference (EMI) robustness supporting various automotive EMI test standards
* Automotive qualified by AEC-Q100 rev J up to Grade 1

2.6 Functional safety

* Functional safety architecture to target up to ASIL-D automotive applications

* Functional safety architecture to target up to SIL-2 industrial applications

* Independent monitoring circuitry, dedicated interface for microcontroller monitoring, simple or challenger
watchdog function

* Analog built-in self-test (ABIST) and logical built-in self-test (LBIST) at startup

* Analog built-in self-test (ABIST) on demand

* Dedicated Fail-safe output (FSOB)

 Safety outputs with latent fault detection mechanism (RSTB, FSO0B, INTB)

» External fault detection inputs (FCCU, ERRMON)

 Protected 12C protocol with CRC verification

* Hash fault monitoring (dynamic CRC)

3 Applications

* Automotive infotainment

* High-end consumer and industrial
» Connectivity domain controller

» Telematics

4 Simplified diagrams

Figure 1 shows a simplified block diagram for a typical system with an PF09.

The PF09 PMIC is fully programmable via the 12C interface however additional interfacing between MCU, using
provided direct logic interfacing pins.
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5 PFO09 external components

All external components must be automotive grade, AEC-Q100 (for IC chip), AEC-Q101 (for discrete
components), and AEC-Q200 (for passive components).
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Figure 2. Power supply connections with buck configuration
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Table 1. Bucks power supply components list
Components |Description Recommendation
Cin1» Cings Input capacitor for the switched |¢ 4.7 yF nominal capacitor or more, ceramic.
Cinas Cing, Cins | power outputs. + X7R Low ESR ceramic capacitor
* Place closed to the PMIC
* Do not exceed maximum capacitance.
¢ Capacitor voltage is recommended to be 2 to 3 times the Rail
voltage, 10V or 16V at 5V rail for commercial ratings.
CouT11, Output capacitance for the * Place 2 x 22 yF nominal capacitor or more per output., ceramic
Courti12, switched ower outputs. » X7R Low ESR ceramic capacitor
Court21; * Place closed to the inductor
gOUTzz‘ » Do not exceed maximum capacitance
083:; * Place close to inductor
Coura1,
Courtaz,
Cours1,
Coutsz;
Lo, L3, L4, Ls, |Switchers 2 to 5 inductor. ¢ 0.47uH nominal
¢ Shielded, + 20 % tolerance
¢ LpcRr resistance < 24mQ
* IsaturaTion >5.8A
¢ Soft saturation recommended
* Place inductor close to the switching node
L4 Switcher 1 inductor. ¢ 0.47uH nominal
» Shielded, + 20 % tolerance
¢ Lpcr resistance < 14mQ
* IsaturaTtion 210A (Select according to the application inrush current)
» Soft saturation recommended
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Table 1. Bucks power supply components list...continued

Components |Description Recommendation

* Place inductor close to the switching node

5.2 LDO power supply

VMON1 VAON
VMON2 1
T
LDO10UT B
LDO1TIN
LDO2IN LDO20UT
LDO3IN LDO30UT

-I-CING 'I' CIN7 % CINg 'I' CouTs 'I' Cout? % CouTs

aaa-064461

Figure 3. Power supply connections with buck configuration

Table 2. LDO power supply components list

Components Description Recommendation
Cine, Cin7: Cing | Input capacitor for the ¢ 1 uF nominal ceramic capacitor
switched power outputs. » X7R Low ESR ceramic capacitor

* Place closed to the PMIC
* Do not exceed maximum capacitance

» Capacitor voltage is recommended to be 2 to 3 times the rail voltage,
10 Vor 16 V at 5 V rail for commercial ratings

Coute: Cout7, | Output capacitor for the e 4.7 uF nominal ceramic capacitor or more
Cours Switched Power outputs. + X7R low ESR ceramic capacitor

* Place closed to the PMIC

* Do not exceed maximum capacitance

» Capacitor voltage is recommended to be 2 to 3 times the rail voltage,
10 Vor 16 V at 5 V rail for commercial ratings

AN14910 All information provided in this document is subject to legal disclaimers. © 2026 NXP B.V. All rights reserved.
Application note Rev. 1.0 — 22 January 2026 Document feedback
6/19



https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_AN14910

NXP Semiconductors

AN14910

5.3 Device interface

PF09 Hardware guidelines

VDDIO
ol 8| o
o =
21 o[ 2
S & =]
o o} o
o & o
RPU_XFail XFAILB ES0B
—I [ VANA PGOOD
— | VDIG RSTB
FCCUO0
= VIN FCCU1
RpPD_vDDOTP VDDOTP
N FSYNC
—J
L RepD FsYNC INTB
I STBY RpuU sTBY
T vDDIO PWRON
RPU_scL scL =
I GND
— SDA GPIO1
R oo
f PU_SDA AMUX GPIO2
= NC1 GPIO3
NC2 GPIO4
2122
Ol Q| @
ol <| W
GND aaa-064462

Figure 4. Device interface

Table 3. Device configuration

AN14910

Components Description Recommendation
RPU_XFAILB | XFAILB Pin for PMICs « Pull-up resistor to VANA, typical value, 10 KQ
synchronization.
RPD VDDOTP VDDOTP pin for PMIC * Normal mode, pull-down resistor to GND, resistance higher than
- operation mode configuration. | 1kQ. recommended 100 KQ
FSYNC pin for switching
RPD_FSYNC synchronization with external |* Pull-down resistor to GND, 100 KQ recommended.
devices.
External pull-up
» Pull-up resistor to VDDIO. According |fast mode plus |22 K@
RPU_SCL SCL pin for 12C clock line. on the operation mode. Only one set of
resistors in the line External pull-up | o
high speed ’
External pull-up
» Pull-up resistor to VDDIO. According  |fast mode plus |22 K@
RPU_SDA SDA pin for 12C Data line. on the operation mode. Only one set of
resistors in the line. External pull-up | o
high speed ’
RPU_FSOB FSOB pin for safe « Pull-up resistor of 10 KQ to VDDIO recommended

fail notification and
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Table 3. Device configuration...continued

Components Description Recommendation
synchronization with external
PMICs.
RPU_RPU_ PGOOD pin indicator. e Pull-up resistor of 10 KQ to VDDIO recommended
PGOOD
RPU_INTB INTB pin for interruption « Pull-up resistor of 10 KQ to VDDIO recommended
events notification.
RPD_STBY STBY pin to enter into « Pull-down resistor to GND, 100 KQ Recommended
- Standby mode.
VAON Always On LDO (10mA) * Use a 2.2 uF capacitor
VDIG Internal use only LDO. » Use a 1 uF capacitor
VAN Internal use only LDO. * Use a 1 uF capacitor
VDDIO PMIC internal circuitry power |¢ Place a 100 nF capacitor

6 Schematic, board layout, and bill of materials

6.1 PFO09 IO interface
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Figure 5. PF09 IO INTERFACE
Circuitry for:
» Configuration
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Reference Qty Description Vendor Part Nbr Value
CAP CER 1uF 10V 10% X7S GCM155C71A105
C1,C2,C3 3 AEC-Q200 0402 MURATA KE38D 1 uF
CAP CER 0.1uF 16V 10% X7R GCM155R71C104
Cc4 1 AEC-Q200 0402 MURATA KA55D 0.1 uF
RES MF 10K 1/10W 5% AEC-
R1,R2,R3,R4 4 Q200 0603 KOA SPEER RK73B1JTTD103J 10K
R5, R6, R7, R8, R9, RES MF 100K 1/10W 5% AEC- |VISHAY INTERT
R10, R11, R12 8 Q200 0603 ECHNOLOGY CRCWOB03100KINEA | 100 K
RES MF 2.20K 1/10W 1% AEC-
R13, R14 2 Q200 0603 KOA SPEER RK73H1JTTD2201F 220K
RES MF ZERO OHM -- AEC-
R15 (NP), R16 1 Q200 0603 KOA SPEER RK73Z1JTTD 0
6.2 Switcher’s circuitry
ol SWIFB swiFs
€5 VSWIIN__ SW1INA 40 sg| SWILXA  swilx 1 L1 2~ swiouT
[}
SWIINBS 47| SWILXB _Lcw o
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| C|$ VSW2IN__ swaiN] olSWaLXA  swaix 1 L2 2 swaout
' o [S020E | Lce Lon
| SW3FB_ SwaFB I -—l-
C7 VSW3IN  SW3IN SW3LXA  SW3LX 1 L3 2 swsouT
p II » 5 6 YN
' 7fsweee | Low Lo
o3 SWAFB  SW4FB I -—l-
€8 VSW4IN  SW4IN SWALXA  SWALX 1 4 2 SwaouT
+—i 31 32 o
' o SWae | Lo o
9| SWSFB_ SWS5FB I -—l-
C% VSW5IN  SWS5IN SW5LXA  SW5LX 1 L5 2 Sws0UT
+—l 36 35 ] AN
34 SW5LXB %018 %019
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Figure 6. Switching regulators
Table 5. Switchers
Reference Qty Description Vendor Part Nbr Value
C10,C1M11, C12,C13
’ ’ ’ ’ CAP CER 22uF 10V 20% GRT21BD71
cao e )1 X7T AEC-Q200 0805 MURATA A226ME13 22 uF
CAP CER 4.7uF 16V 10% GRT188C71
€5, C6, C7, C8, C9 S X7S AEC-Q200 0603 MURATA C475KE13 4.7 uF
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Reference Qty Description Vendor Part Nbr Value
WURTH ELE
KTRONIK EISOS
IND PWR 0.47uH@100kHz GMBH & CO. KG
L1 1 6.8A 0.0140HM 20% SMT (ELECTRONIC 744373240047 0.47 uH
& ELECTROME
HANICAL COMP)
IND PWR 0.47uH@1MHz TFM252012
L2,13,14,15 4 5.8A 20% AEC-Q200 SMT TDK ALMAR47MTAA 0.47 uH
6.3 LDO outputs circuitry
LDO outputs
VMON1 VMON1 VAON VAON
29 16 .L
VMON2 VMONZ | Icze
LDO10UT - VLDO1
LDO1IN LDOMINf 53
 DOZIN Loozn |, 4 |LDO20UT VLDO2
LDO3IN TO3IN‘ 13 42 |LDO3OUT l VLDO3
-I-C20 'I' c21 I C22 -I- Cc23 'I' C24 I C25
aaa-064465
Figure 7. LDOs
Table 6. LDOs
Reference Qty |Description Vendor Part Nbr Value
CAP CER 1uF 10V 10% X7S GCM155C71A105
C20, C21, C22 3 AEC-Q200 0402 MURATA KE38D 1 uF
CAP CER 4.7uF 16V 10% X7S GRT188C71C475
C23, C24, C25 3 AEC-Q200 0603 MURATA KE13 4.7 uF
CAP CER 2.2uF 10V 10% X7S
C26 1 AEC-Q200 0402 MURATA GRT155C71A225KE13 | 2.2 uF
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7 EMC performances

7.1 PCB components placement

aaa-064466

Figure 8. Example of component placement - Top PCB view

aaa-064467

Figure 9. Example of component placement - Bottom PCB view

7.2 Layout guidelines

The design uses six PCB layers:

* L1: Top layer used as DC-DC output power planes, signals and ground
* L2: System ground
* L3: Mainly Ground and signals
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* L4: Mainly Ground and signals
* L5: System Ground
* L6: Ground and SWVIN

7.2.1 General layout guidelines/recommendations

Layout is important to the EMC/EMI in SMPS. Layout recommendations are:

* High current lines should remain in the same plane, if required to route the high-current loop through multiple
PCB layers, use multiple vias to mitigate the parasitic (R and L) in the high current path.

» Keep ground always close to the power line.

* When a signal is going through multiple PCB layers, ground vias around the layer interconnection are
recommended to contain the electrical field.

* Some inductors have placement polarity. Ensure proper polarity to ensure the minimum magnetic field.

* Do not place inductors over control lines, feedback, etc. Trace together with ground.

* Input and output capacitors must have proper return.
— Current loops (SMPS and LDOS) must be routed as small as possible.
— Avoid broken grounds.
— Power line must be one dielectric away from ground.

* Avoid low-level signals below SMPS power components, specially inductors.

* Do not route feedback lines in parallel to inductor lines, have them ideally 90 degrees when close to the
inductor.

* Have SMPS current loops as small as possible with wide tracks. Use shorter traces as possible for all lines.
Specially feedback.

* Use thermal pads with thermal vias.

7.3 Thermal management

The PF09 package is HYQFN56, plastic thermal enhanced very thin quad flat pack; no leads, wettable flank, 56
terminals, 0.5 mm pitch, 8 mm x 8 mm x 0.53 mm body. Details of the PCB footprint design are available in the
section titled 'Package Drawing' of the PF09 data sheet.

7.4 Product setup

All EMC tests were performed at 25 °C, with all regulators configured and loaded according to the EMC
compliance section of the product data sheet.

7.5 Conducted emission at IC level (CE)

Table 7. Conducted emission at IC level (CE)

Document Reference Comments
IEC 62132-4 Measurement of electromagnetic immunity 150kHz to 1GHz. Part4: Direct RF International
Power Injection Method. Electrotechnical

IEC 61967-4 Measurement of electromagnetic emissions, 150kHz to 1GHz. Part4: Commission, IEC

measurement of conducted emissions, 10Q/150Q direct coupling
IEC 62228-3 EMC evaluation of transceivers — Part 3: CAN transceivers

Product https://www.nxp.com/products/PF09 NXP

datasheet

Application https://www.nxp.com/products/PF09 NXP

board
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7.5.1 Test Summary
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Figure 10. PF09 B0, RUN mode, CE on VIN Figure 11. PF09 B0, RUN mode, CE on VIN with FSS_EN=1
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Figure 14. PF09 B0, RUN mode, CE on SW2 Figure 15. PF09 B0, RUN mode, CE on SW3
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Figure 16. PF09 B0, RUN mode, CE on SW4 Figure 17. PF09 B0, RUN mode, CE on SW5
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Frequency

Figure 20. PF09 B0, RUN mode, CE on RSTB
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Figure 21. PF09 B0, RUN mode, CE on RSTB with an
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Figure 22. PF09 B0, RUN mode, CE on FS0B
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Figure 23. PF09 B0, RUN mode, CE on FSOB with an
additional cap 1nF
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Figure 24. PF09 B0, RUN mode, CE on INTB
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Figure 25. PF09 B0, RUN mode, CE on INTB with an
additional cap 1nF
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Figure 26. PF09 B0, RUN mode, CE on PGOOD
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Figure 28. PF09 B0, RUN mode, CE on XFAILB
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Figure 30. PF09 B0, RUN mode, CE on GPIO3
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Figure 32. PF09 B0, RUN mode, CE on GPIO3 with a, additional cap 1nF, FSS_EN=1 (triangular modulation)
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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.

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.

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.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at https://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.
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Suitability for use in automotive applications — This NXP product has
been qualified for use in automotive applications. If this product is used

by customer in the development of, or for incorporation into, products or
services (a) used in safety critical applications or (b) in which failure could
lead to death, personal injury, or severe physical or environmental damage
(such products and services hereinafter referred to as “Critical Applications”),
then customer makes the ultimate design decisions regarding its products
and is solely responsible for compliance with all legal, regulatory, safety,
and security related requirements concerning its products, regardless of
any information or support that may be provided by NXP. As such, customer
assumes all risk related to use of any products in Critical Applications and
NXP and its suppliers shall not be liable for any such use by customer.
Accordingly, customer will indemnify and hold NXP harmless from any
claims, liabilities, damages and associated costs and expenses (including
attorneys’ fees) that NXP may incur related to customer’s incorporation of
any product in a Critical Application.

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.

HTML publications — An HTML version, if available, of this document is
provided as a courtesy. Definitive information is contained in the applicable
document in PDF format. If there is a discrepancy between the HTML
document and the PDF document, the PDF document has priority.

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.

NXP B.V. — NXP B.V. is not an operating company and it does not distribute
or sell products.

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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