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1 Introduction

The PF8x00 family represents NXP’s current line of high-integration/high-performance
Power Management ICs (PMICs). PF8x00 devices are widely used in ADAS,
Infotainment and other complex Automotive applications. As a single-chip power
solution, PF8x00 devices meet all Ambarella CV22/CV25 power rail and functional
safety requirements. The PF8x00 PMIC has been chosen to supply CV22/CV25 on the
Ambarella Reference Design.

This application note describes how PF8x devices can be used to supply an Ambarella
CV22/CV25 SoC. Besides the single-chip power solution, the application note introduces
the Total Power Tree solution for CV22/CV25 systems, which includes the MCU and
peripherals. The Total Power Tree solution achieves all the power requirements of CV22/
CV25 system, including the functional safety and Low-Power Wake Up function.

The document also describes functional safety and power designs that help achieve
ASIL-D(B) system levels using NXP’s 3rd Generation Functional Safety PMICs.

The goal of this application note is to help customers quickly and efficiently design power
networks for CV22/CV25 systems, especially for DMS, AEB, FCW and other Computer
Vision Systems in Automotive applications.

2 Ambarella CV22/25 SoC and NXP PMIC Overview

AN13272

Ambarella’s AEC-Q100 qualified CV22/CV25 SoC combines image processing, 8MP30
video encoding, and CV flow computer vision processing in a single, low-power design
that targets ADAS, electronic mirror, surround view, and drive recorder solutions.

Figure 1 shows the system structure of the CV22/CV25 AQ SoC:
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Figure 1. CV22/CV25 AQ System Block Diagram

The PF8x00 family offers highly integrated PMICs designed for high-performance
processor-based systems. Each device includes seven high-efficiency bucks and four
LDOs to supply power to the processor, memory, and miscellaneous peripherals. Each
buck regulator has a 2.5 A stable current capability and the BUCKs can work in multi-
phase mode to supply up to 10 A current to the system. Each LDO regulator can output
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400 mA current with low drop-out voltage and can be set to work as one Load switch. An
always-on LDO (VSNVS) has a10 mA current capability to supply the RTC. The voltage
and power-up and power-down sequence of PF8x00 power channels can be set by One-

Time-Programming (OTP), thereby allowing customers to power their system without

additional software development.

The PF8x00 family includes the PF8100 and the PF8200. The PF8100 can be used to

supply the CV22/CV25 AQ, which has no functional safety design requirements. The
PF8200 is used to supply the CV22FS in order to support ASIL-B systems. Figure 2

shows a block diagram of a PF8x00 family device.
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Figure 2. PF8x00 Family Device Function Block Diagram
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Because the input voltage range of the PF8x00 is 2.5 V-5.5 V, a front power converter

is needed to supply the device from a 12 V or 24 V vehicle battery. To meet that
requirement, NXP offers the FS56 and FS85 as high-voltage PMICs that can be

connected directly to 12 V or 24 V batteries. Furthermore, FS56 and FS85 devices can
also provide power to the MCU and other system peripherals. In addition, the devices
can provide high functional safety features if the customer requires it.

Figure 4 show a block diagram for the FS56 and FS85 family devices.

All information provided in this document is subject to legal disclaimers.

© NXP B.V. 2021. All rights reserved.

Product application note

Rev. 1 — 6 August 2021

4/15



NXP Semiconductors

AN13272

Power Management Solution for CV22/CV25

FS5600 Functional Block Diagram
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Figure 3. FS5600 Family PMIC Function Block Diagram
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Figure 4. FS8500 Family PMIC Function Block Diagram

3 Power Solution for CV22/25

3.1 One chip power solution for CV22/CV25

PF8x00 family PMIC is capable of independently suppling all CV22/CV25 power rails,
including the DDR and other memory power requirements. Section 3.1 shows a one-

chip power solution with a PF8100 supplying a CV22/CV25 SoC. In this solution, the
PF8100 input (SYS_5V ) is 5 V. All power rails and some 1/O function are described in the
diagram.
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Figure 5. PF8100 One chip power solution for CV22/CV25
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Table 2 shows the design parameters of a PF8100 attached to a CV22/CV25.

Table 2. PF8100—-CV22/CV25 design parameters

. Max Current
CV22/CV25 Power rails | Voltage(V) Load(mA) PF8100 output Capability(A) Power Up Delay
BUCK1
VDDI 0.75 4400 5 0
BUCK2
VDDP, OTP_
VPP,1v8_VDDO 1.8 100 BUCK3 25 30 ms
VDDA18
VDDA 0.8 120 BUCK4 25 0
DDR_DVDD_VDDQ 1.1 800 BUCK5 25 30 ms
DDR_DVDD_IO 0.6 1000 BUCK6 25 30 ms
AVDD33
33 100 BUCK?7 25 60 ms
3V3_VDDO
VDD1 of LPDDR4 1.8 - LDO1 0.4 30 ms
EMMC/SD 1.8 - LDO3 0.4 60 ms
SYS_VDDIO 3.3 10 LDO4 0.4 60 ms
Always on when
RTC 1.8 0.003 VSNVS 0.01 VIN>UVDET

* For the CV22/CV25 power solution, the PF8100 output voltage and the power-up and
power-down sequence for the CV22/CV25 are defined in OTP. If VIN of the PF8100 is
higher than UVDET, the power rails start up following the defined power-up sequence,
as long as PWRON is pulled up. After all the power rails have started up, PGOOD and
RESETBMCU on the PF8100 are released and the CV22/CV25 SoC system boots up.
During system operation, the PF8100 can still be controlled through |2C, depending on
system requirements.

* The CV22/CV25 ripple requirements are as follows: VDDI requires a maxim 4% ripple,
and the other channels require a maxim 3% ripple. Based on the recommended
hardware design, all PF8100 BUCKSs can provide power output within 1% of the peak-
to-peak ripple value in PWM mode.

* NXP provides several dedicated OTP versions of the PF8100 that meets the CV22/
CV25 power-up and power-down sequence requirements by default. The PF8100
power-up and power-down sequence is shown in Figure 6.
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Figure 6. Power up and Power down sequence of PF8100 for CV22/CV25

* PF8100 has good thermal performance with an ambient operation temperature from
-40 °C to 105°C. Assuming no additional readiating designs are involved, the PF8100
has no thermal issues when powering the CV22/CV25 SoC.

Board power solution for CV22/25 based system

NXP offers complete board-level power solutions for CV22/CV25 designs with a variety
of system requirements. Figure 7 shows a typical solution for a 12 V battery system.

In this example, the FS56 provides power inputs to the PF8100 and other peripherals.
The current capability of FS56 SW2 is greater than 10 A. SW1 provides 1.8 V-8.0 V,

3 A high efficiency power for the MCU and other peripherals. ENs on the FS56 can be
connected to the ignition signal or the CAN Phy wake-up signal, based on the customer's
real use cases.
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Figure 7. FS56+PF8100 Board solution for CV22/CV25
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For 24 VV and 12 V battery compatible systems, the power solution can be designed
as shown in Figure 8. In addition, the FS85 is capable of supporting ASIL-D systems

and is suitable for powering and securing safety MCU's which require ASIL-D(B) level

compliance.
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Figure 8. FS85/84+PF8100 Board solution for CV22/CV25

For customers who need power rail board solutions for other functions (for example,
cameras), NXP offers the PF502x and PF52 family of devices, which work in conjunction
with the PF8x00 to synchronize the power-up\down sequence and to manage faults. For
more details on Multi-NXP PMIC power solutions, contact NXP local technical support.

4 Functional Safety Design

AN13272

The FS56, FS85, and PF8x00 family of PMICs represent NXP's 3" Generation
Functional safety PMICs. Regardless of the process or the architectural design, the
product lifecycle meets 1S026262 requirements. Customers can use NXP PMICs directly
to achieve system level power functional safety and nearly all the safety mechanisms are
implemented by hardware inside the device.
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To meet Vision System's functional safety requirements for commercial and passanger
vehicle ADAS or DMS designs, Ambarella provides their first ASIL-B processor, the
CV22FS. The CV22F offers a wide variety of built-in functional safety features designed
for use in ASIL-B Vision Systems.

The PF8200 and PF8100 are pin-to-pin compatible and have the same power
electrification parameters. The difference between the two is that, the PF8200 is suitable
for ASIL-B systems and is designed to follow the System Element out of Context
(SE00C) I1SO26262 standard to help designers more easily achieve ASIL-B compliance.
The FS85, on the other hand, is designed for ASIL-D target systems. It can be used to
supply and monitor functional safety MCUs to help the system reach ASIL-D compliance.

The functional safety power design for CV22FS is shown in Figure 9. For additional
functional safety details, contact NXP local technical support.
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Figure 9. Functional safety power solution for CV22FS system

In this solution, all the power rails have their own real-time monitor. The Single Point
Fault Metric (SPFM) of the Voltage Monitor can reach above 99% for an ASIL-D domain
and above 97% for an ASIL-B domain. Inside the PMIC, BIST circuitry, redundancy band-
gaps and oscillators are designed to make the Latent Fault Metric (LFM) of the Voltage
Monitor function achieve about 90% for an ASIL-D domain and about 60% for an ASL-

B domain. Probabilistic Metric For Hardware Failure(PMHF) of all the power deivces is
much lower than ASIL-D requirements, which helps systems reserve more buffer for the
System PMHF.

At the same time, NXP PMICs provide WD and hardware monitor functions for MCU and
system diagnosis. These safety mechanism can be used at a system level to facilitate
the safety design of the MCU and CV22/25. Several safety output IOs can be used to
indicate failure and switch the system into a safe state. More details about the Functional
safety design can be found in the FMEDA and Safety Manuels of NXP PMICs.
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5 Schematic and BOM

The PF8100 is incorporated in the CV25 reference design board, so customers can get
the reference design files from Ambarella directly. This section shows the recommended
schematic for a PF82 used in a CV22/25 design. The BOM list associated with the
schematic is included in Table 3.
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Figure 10. PF8100-CV25 reference design schematic
Table 3. BOM
Item Quantity Value Package Part Number Company
Size
1 6 1uF 0402 GCM155C71A105KE38D MURATA
2 1 0.22uF 0402 GRT155C81E224KE01 MURATA
3 15 0.1uF 0402 GCM155R71C104KA55D MURATA
4 14 22uF 0805 GRT21BC81A226ME13 MURATA
5 1 2.2uF 0402 GRT155C71A225KE13 MURATA
6 1 4. 7uF 0603 GRT188C81E475KE13 MURATA
7 7 1uH 1210 TFM252012ALMATROMTAA TDK
8 1 470K 0603 CR0603-FX-4703ELF BOURNS
9 3 100K 0603 ERJ-2RKF1003X PANASONIC
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10 1 100K 0603 CRCW0402100KJNED VISHAY INTERTECHNOLOGY
11 6 0 0402 ERJ-3GEYOR0OOV PANASONIC
12 1 PF8200 QFN 8*8 MC33PF8200A0ES NXP SEMICONDUCTORS

6 Reference Resource

In accordance with the NXP/Ambarella partnership, NXP offers fixed PF8100 OTP
versions specfically for use with an attached CV22/25 device. PF8100 parts with the fixed
OTP can be ordered directly from the NXP customer site. Customers can design their
schematic using the existing OTP version. The mass production OTP version PF8100 for
CV22/CV25 can be found below. For more details on the dedicated OTP version of the
PF8100, contact NXP or Ambarella.

Table 4. PF8100 OTP Version for CV22/CV25

Part Number Attach Processor DDR Comments
SC33PF8100JHES Cv22 LPDDR4 LDO2=1.5V
SC33PF8100F6ES CV25/22(QM) LPDDR4 VSNVS 3.3V/LDO2 3.3V
SC33PF8100G9ES CV25/22(QM) LPDDR4 VSNVS 1.8V/LDO2 3.15V

PF8100/PF8200 resource can be downloaded in the links below:

Table 5. PF8100/PF8200 resource links

Document and tool information Link

Datasheet for PF8100/PF8200 Datasheet

Hardware Design Guide AN12286

PF8200 / PF8201 Functional Safety Manual UM11200 (Need NDA)
OTP Burn Board User Manuel UM11162

OTP Board introduction Overview

FlexGUI for PF8100/8200 Flex GUI

User Manuel for PF8100/PF8200 EVM UM11160
PF8100/PF8200 EVM introduction Overview

Embedded Software Driver Overview

AN13272

FS56 information can be found at the link: https://www.nxp.com/products/power-
management/pmics-and-sbcs/safety-sbcs/automotive-dual-buck-regulator-and-controller-
with-voltage-monitors-and-watchdog-timer:FS5600

FS85 information can be found at the link: https://www.nxp.com/products/power-
management/pmics-and-sbcs/safety-sbcs/safety-system-basis-chip-for-s32-
microcontrollers-fit-for-asil-d:FS8500
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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 madifications 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
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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 http://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.

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.

Translations — A non-English (translated) version of a 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 or documented vulnerabilities. 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.
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