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1 Device introduction

The AWR2243 device is a single-chip FMCW transceiver integrated PLL, transmitter,
receiver, baseband and ADC, capable of operating in the 76 to 81 GHz frequency band.
It is an ideal solution for extremely small form factor, self-monitoring, low-power, ultra-
accurate radar systems in the automotive field.

The AWR2243 has 76 to 81 GHz coverage with 5 GHz available bandwidth. It has four
receiver channels and three transmit channels with PLL and ADC converters. The device
incorporates an ultra-accurate chip engine based on Fractional-N PLLs. AWR2243
supports the SPI or I2C interface with an external processor. Its manufacturer supplies
documentation to support functional safety system design up to ASIL D and hardware
integrity up to ASIL B. Its scalable sensor portfolio supports the design and development
of ADAS system solutions for a wide range of performance, applications and sensor
configurations in all vehicles, from comfort to safety functions.
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2 NXP PMIC Overview

NXP's power management portfolio delivers scalability and flexibility for your next
designs. Whether you are developing automotive, industrial or consumer applications,
the NXP PMIC portfolio optimizes power and simplifies supply sequencing for various
application processors. These PMICs integrate both switching and linear regulators
required for a total system solution. They may also integrate battery management
functions that include the battery charger, coin cell charger and power path selection.
Most of NXP's PMICs can be configured via OTP and combined to provide a dedicated
system solution that includes deliverables for QM and ASIL B/D functional safety
requirements.

In this application note, we illustrate the use of three LV PMICs to provide different
voltages and an HV PMIC to match the system from the battery.

2.1 LV PMIC: PF5020
The PF5020 device is an NXP multi-channel PMIC designed for high performance
automotive and industrial applications.The device is also highly configurable, making
it a perfect companion and fit for various system level power requirements. PF5020
integrates independent voltage monitoring circuits to ensure compliance with ISO26262
standard and functional safety up to ASIL B level. The PF5020 is also available as a
standard non-safety device for applications that don’t require ISO compliance. The
PF5020 is suitable for a variety of applications, including infotainment, ADAS, vision and
radar, either as a standalone power solution or as a companion to another NXP PMIC
like FS5600. Figure 1 shows the PF5020 PMIC block diagram.
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Figure 1. PF5020 PMIC block diagram

2.2 LV PMIC: PF5023
Both PF5020 and PF5023 belong to the PF502x family. This family also includes the
PF5024. All the PF502x devices are integrated independent voltage monitoring circuits
that ensure compliance with the ISO 26262 standard and functional safety up to ASIL B
level. PF5023 has three functionally similar bucks which can supply voltage from 0.4 V to
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1.8 V. These bucks can work in dual phase and triple phase. Figure 2 shows the PF5023
PMIC block diagram.
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PF5023 FUNCTIONAL BLOCK DIAGRAM

CLOCK MANAGEMENT
EXTERNAL CLOCK SYNC

SPREAD SPECTRUM
MANUAL FREQUENCY TUNING

LOGIC AND CONTROL
I2C

WATCHDOG
MCU INTERFACE

REGULATOR CONTROL
FAULT DETECTION

FUNCTIONAL SAFETY

FAULT DETECTION AND
PROTECTION

(THERMAL/UV/OV/ILIM)

OTP
(FLEXIBLE CONFIGURATION)

SW1 (SINGLE/MULTI)
(0.4 V TO 1.8 V, 2.5 A)

SW2 (SINGLE/MULTI)
(VTT/0.4 V TO 1.8 V, 2.5 A)

SW3 (SINGLE/MULTI)
(0.4 V TO 1.8 V, 2.5 A)

Figure 2. PF5023 PMIC block diagram

2.3 LV PMIC: PF7100
The PF7100 device features five high efficiency buck converters and two linear
regulators for powering the processor, memory and miscellaneous peripherals. PF7100
is also suitable for applications requiring functional safety up to the ASIL B level. See
Figure 3 for a block diagram.
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Figure 3. PF7100 PMIC block diagram

2.4 HV PMIC: FS5600
The FS56 System Basis Chip (SBC) for Automotive applications features two battery
connected DC-DC buck controllers. FS56 provides functional safety features such as
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independent voltage monitors, windowed watchdog timer, I/O monitoring via ERRMON
and FCCU, and built-in-self test. The FS56 is offered in QM, ASIL B and enhanced
ASIL B versions. We chose an FS56 with two HV bucks as the pre-buck for the radar
system power solution illustrated in this application note. See Figure 4 for an FS56 block
diagram.
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SW1 - Buck Regulator SW2 - Buck Controller

Up to 36 V Input
> 3 A Load Current

1.8 V to 8.0 V Output
Internal FET

4x VMON 2x PGOOD ABIST
LBIST

Clock
Sync

Spread
Spectrum

Frequency
Tuning

Thermal
Shutdown

OTP
Memory

FS0B Watchdog I2C

3x GPIO

Up to 36 V Input
> 10 A Load

1.8 V to 7.2 V Output
External FET

Figure 4. FS56 Functional Block Diagram
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3 Introduction to AWR2243 power solution

As the automotive industry continues to develop towards high automatic performance
and high reliability, radar is used more and more in automotive systems. Standards
are emerging for 4D millimeter-wave imaging radar, and this technology is expected to
support one of the core sensors in automotive driver assistance (ADAS) systems.

Using NXP's HV PMIC FS56 and LV PMIC PF series solutions to implement the NXP
power solution for the AWR2243 monolithic microwave IC (MMIC) enables a total system
for automotive radar. For MCU/CPU power solutions, refer to NXP PMICs and SBCs for
Multi-Vendor Processors.

The FS56 can connect to the 12 V battery and produce an intermediate voltage from
battery voltage. This device is aimed at replacing discrete battery connected regulators
in the system while providing value in functional safety and integration. The PF series
PMICS provide matched voltages for various processors and DDRs.

This application note illustrates how the FS56 can be used to produce 5 V for LV PMICs
and 3.3 V for an MCU that controls and communicates with the controller MMIC and
target MMICs.

Clock synchronization is required in radar applications to facilitate the removal of random
noise from various devices. FS56, PF71, and PF502x all support a clock synchronization
input using their configurable SYNCIN pin. PF71 also supports a clock synchronization
output with its SYNCOUT pin.

Figure 5 shows a block diagram for single, dual, and quad AWR2243 power solutions.
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5 V12 V
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Figure 5. NXP FS56 + PF Series PMICs power solution for single/dual/quad AWR2243

3.1 Power tree
Figure 6, Figure 7, and Figure 8 show use of NXP LV PMICs for AWR22443. For a
single AWR2243, the PF5020 is the best solution, because it fulfills all the AWR2243
requirements. For dual parts, the PF7100 is the best solution, and for quad parts, the
PF5023 + PF7100 is the best solution.
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NXP PMICs feature one-time programming (OTP). The PMIC OTP memory can store
key startup configurations, greatly reducing the number of external components used to
set the output voltages and sequence of external regulators. Because of this function,
both the dual part and quad part configurations can use the PF7100 PMIC with the same
part number.

3.1.1 PMICs for single AWR2243

aaa-047105
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Figure 6. LV PMIC PF5020 power solution for single AWR2243
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3.1.2 PMICs for dual AWR2243
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Figure 7. LV PMIC PF7100 power solution for dual AWR2243
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3.1.3 PMICs for quad AWR2243
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Figure 8. LV PMIC PF5023 + PF7100 power solution for quad AWR2243

3.2 Power up and power down sequence
In the solution for quad AWR2243s, the customer should connect the XFAILB pins of
PF5023 and PF7100 together. NXP multiple PMICs effectively synchronize accurate
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power-up and power-down sequencing for all power rails through the PMIC itself, without
the need for MCU control. This combination of devices acts as “one PMIC” for power
up/down sequences through the NXP PMIC internal power-up sequencer PWRON and
XFAILB functions.

Single
AWR2243 Dual AWR2243 Quad AWR2243 Voltage Power up

delay
Power down
delay Power rail

SW1/PF5020 SW1 and SW2/PF71

SW1 and SW2/
PF5023
+ SW1 and SW2/
PF71

1.2 V 0.5 ms-slot1 1.5 ms-Group4 VDDIN, VIN_
SRAM VNWA

SW2/PF5020 SW3 and SW4/PF71 SW3 and SW4/PF71 1 V or 1.3
V 1 ms-slot2 1.5 ms-Group4 VIN_13RF1

VIN_13RF2

SW3/PF5020 SW5/PF71 SW3/PF5023 +
SW5/PF71 1.8 V 1 ms-slot2 1.5 ms-Group4

VIOIN_18
VIN18_CLK
VIOIN_18DIFF
VIN18_BB

LDO/PF5020 LDO1 and LDO2/
PF71

LDO1 and LDO2/
PF71 3.3 V 1.5 ms-slot3 1.5 ms-Group4 VIOIN

RESETBMCU 2.0 ms-slot4 — nRESET

Table 1. PMIC configuration for single/dual/quad AWR2243

The AWR2243 device expects all external voltage rails and sense of power (SOP) lines
to be stable before reset is de-asserted. See Figure 9 for the PMIC power-up and power-
down sequence for AWR2243.
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Figure 9. PMIC Power-up and Power-down Sequence for AWR2243
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4 Schematics

See Figure 10 and Figure 11 for schematics of AWR2243 power solutions based on NXP
PMICs.
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Figure 10. PF502x schematic for single/quad AWR2243 power rails
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Figure 11. PF7100 schematic for dual/quad AWR2243 power rails
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5 Bill of materials

Value Quantity Description Part Number Vendor

0.1 μF 6 CAP CER 0.1 μF 16 V 10% X7R
AEC-Q200 0402

GCM155R71C104KA55D MURATA

4.7 μF 4 CAP CER 4.7 μF 16 V 10% X7R
AEC-Q200 0805

CGA4J3X7R1C475K125AB TDK

22 μF 6 CAP CER 22 μF 10 V 10% X7R
AEC-Q200 1206

LMJ316BB7226KLHT TAIYO YUDEN

1 μF 5 CAP CER 1 μF 10 V 10% X7S
AEC-Q200 0402

GCM155C71A105KE38D MURATA

2.2 μF 1 CAP CER 2.2 μF 10 V 10% X7S
AEC-Q200 0402

GRT155C71A225KE13 MURATA

1 μH 3 IND PWR 1.0 μH@1 MHZ 4.7 A
20% AEC-Q200 SMD

TFM252012ALMA1R0MTAA TDK

100K 12 RES MF 100K OHM 1% 1/10 W
AEC-Q200 0402

ERJ-2RKF1003X PANASONIC

0 2 RES MF ZERO 1/8 W AEC-Q200
0805

MCR10EZPJ000 ROHM

PF502x 1 IC POWER MANAGEMENT 5.5 V
AEC-Q100 QFN40

PF502x[1] NXP SEMICONDUCTORS

Table 2. BOM for PF502x

[1] For a single AWR2243, it is PF5020; for quad AWR2243s, it is PF5023.

Value Quantity Description Part Number Vendor

1 μF 5 CAP CER 1 μF 10 V 10% X7S
AEC-Q200 0402

GCM155C71A105KE38D MURATA

2.2 μF 2 CAP CER 2.2 μF 10 V 10% X7S
AEC-Q200 0402

GRT155C71A225KE13 MURATA

0.1 μF 6 CAP CER 0.1 μF 16 V 10% X7R
AEC-Q200 0402

GCM155R71C104KA55D MURATA

4.7 μF 7 CAP CER 4.7 μF 16 V 10% X7S
0603

GRM188C71C475KE21 MURATA

22 μF 10 CAP CER 22 μF 10 V 20% X6S
AEC-Q200 0805

GRT21BC81A226ME13 MURATA

1 μH 5 IND PWR 1.0 μH@1 MHZ 4.7 A
20% AEC-Q200 SMD

TFM252012ALMA1R0MTAA TDK

100K 13 RES MF 100K OHM 1% 1/10 W
AEC-Q200 0402

ERJ-2RKF1003X PANASONIC

0 5 RES MF ZERO 1/8 W AEC-Q200
0805

MCR10EZPJ000 ROHM

PPF7100 1 IC POWER MANAGEMENT 7-CH
2.7-5.5V AEC-Q100 HVQFN48

PPF7100BMBA0ES NXP SEMICONDUCTORS

Table 3. BOM for PF7100

AN13651 All information provided in this document is subject to legal disclaimers. © 2022 NXP B.V. All rights reserved.

Application note Rev. 1.0 — 29 September 2022
13 / 19



NXP Semiconductors AN13651
PMIC solution for TI AWR2243 radar transceiver

6 Reference Resources

PF5020 information and tools can be found at this link: https://www.nxp.com/products/
power-management/pmics-and-sbcs/pmics/multi-channel-5-pmic-for-automotive-
applications-4-high-power-and-1-low-power-fit-for-asil-b-safety-level:PF5020

PF5023 information and tools can be found at this link: https://www.nxp.com/products/
power-management/pmics-and-sbcs/pmics/multi-channel-3-pmic-for-automotive-
applications-3-high-power-fit-for-asil-b-safety-level:PF5023

PF7100 information and tools can be found at this link: https://www.nxp.com/products/
power-management/pmics-and-sbcs/pmics/7-channel-power-management-integrated-
circuit-for-high-performance-applications-fit-for-asil-b-safety-level:PF7100

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

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 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.

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.

Suitability for use in automotive applications (functional safety) —
This NXP product has been qualified for use in automotive applications.
It has been developed in accordance with ISO 26262, and has been
ASIL classified accordingly. 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.
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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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