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1 Introduction

AG55xQ is a series of automotive-grade 5G NR Sub-6 GHz modules based on
Qualcomm SA515M chipset which developed by Quectel, supporting both 5G NR NSA
and SA modes. Adopting 3GPP Rel-15 technology, the module supports maximum
2.4 Gbps downlink and 550 Mbps uplink data rates at 5G NSA mode, and maximum
1.6 Gbps downlink and 200 Mbps uplink data rates at LTE-A.The target application is
telematics boxes (T-Box), telematics control units (TCU), advanced driver-assistance
systems (ADAS), C-V2X (V2V, V2I, V2P) systems, on-board units (OBU), roadside units
(RSU), and other automotive/traffic systems.

FS56 is battery-connected high voltage input PMIC(Power Management IC) in
automotive application. It supports ultra low power mode which is suitable for application
like Telematics\V2X that needs always-on power even vehicle is stalled. The application
note demonstrate FS56 to power AG55xQ include power tree, power mode control, one
completed FS56 schematic and Bill of Materials is detailed also.
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2 FS56 PMIC

The FS56 is AEC-Q100 Grade1 qualified which features a battery connected DC-DC
buck controller with external FET and a battery connected DC-DC buck controller with
internal FET. It presents an optimized architecture for automotive with low-power modes
and EMC minimizing as spread spectrum, frequency tuning and synchronization. The
FS56 supports customized one time programming (OTP) definition. and customer could
define FS56 default features and power-on configurations such as bucks voltage which fit
for actual application.

FS56 offers Functional Safety QM, ASIL-B and Enhanced ASIL-B versions. Figure 1
is a block diagram. FS56 ASIL-B version is introduced to power AG55x module in this
application note. Customer could define customized QM or enhanced ASIL-B version if
needed.
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Figure 1. FS56 block diagram
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3 Power solution

Figure2 shows block diagram of one typical Automotive Telematics and V2X application.
One processor is needed for V2X accelerating, hardware secure and system
configuration etc. FS56 have BUCK1 and BUCK2 providing power to Quectel AG55x.
Processor is in charge of FS56 power on control, power mode control and detects FS56
power good signal. NXP has PF series PMIC which is low voltage input(<5V input) PMIC
could power processor. The input of PF series PMIC is able to come from FS56 BUCK1
or BUCK2. AN13130 details system power solution with FS56+low voltage input PMIC.
PMICs and SBCs for Multi-Vendor Processors have NXP PMIC solution for multiple
vendor processor.
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Figure 2.  FS56 + AG55x system

3.1 Power tree
FS56 BUCK1 and BUCK2 is able to connect to 12 V battery directly in vehicle. BUCK1
is 3.5A current capability with internal Mosfet. Buck2 is 10A maximum current capability
with external mosfet. Figure 3 is FS56 power tree with AG55x.
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Figure 3. FS56 power tree for AG55x

BUCK1 is configured with 5 V for VBAT_CV2X, and BUCK2 is configured with 3.8 V
for VBAT_BB and VABT_RF. Both BUCK1 and BUCK2 support 440 KHz and 2.2 MHz
switching frequencies. The BUCK2 output current capability is decided by an external
MOSFET which is 5 A in this application. Table 1 is BUCK2 external mosfet selection
guidance.

Switching frequency Load current High-side MOSFET Low-side MOSFET

<5 A Qg < 10 nC Rds(on) < 40 mΩ
Example: BUK9K18-40E

Qg < 20 nC Rds(on) < 20 mΩ Example:
BUK9K18-40E

< 8 A Qg < 10 nC Rds(on) < 25 mΩ
Example: NVTFS5C471NL

Qg < 20 nC Rds(on) < 15 mΩ Example:
NVTFS5C471NL440 KHz

> 8 A Qg < 10 nC Rds(on) < 10 mΩ
Example: BUK9M9R5-40H

Qg < 20 nC Rds(on) < 4 mΩ Example:
BUK9M3R3-40H

2.2 MHz < 5 A Qg < 10 nC Rds(on) < 30 mΩ
Example: BUK9M20-40H

Qg < 20 nC Rds(on) < 20 mΩ Example:
BUK9M20-40H

Table 1. BUCK2 external MOSFET selection

3.2 Power mode
FS56 BUCK1 and BUCK2 power on is controlled by EN1 pin and EN2 pin separately.
When EN1 and EN2 is high, BUCK1 and BUCK2 have voltage output. BUCK1&BUCK2
supports PWM, PFM and pulse skipping mode for different power operation. When
AG55x is in standby mode\sleep mode which still need BUCK1&BUCK2 working,
processor could change BUCK1&BUCK2 mode with Mode pin. If FS56 Mode pin is
high,it will enter ultra low power mode which working in PFM mode and several internal
circuits are turned off to save current consumption. FS56 quiescent current on battery
line in ULP mode is 138uA typical with BUCK1&BUCK2 enable.
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4 Schematic

Figure 4 is an FS56 schematic with BUCK1 and BUCK2 configured for a 440 KHz
switching frequency.
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Figure 4. Schematic of FS56
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5 Bill of materials

Table 2 is an FS56 bill of materials, with BUCK1 and BUCK2 configured for a 440 KHz
switching frequency.
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Value Quantity Part number Description Vendor Part Reference

0.022 μF 1 C0603C223J5RACTU CAP CER 0.022 μF 50 V 5% X7R 0603 KEMET CCOMP1

20 pF 1 C0603C200F5GACTU CAP CER 20 pF 50 V C0G 1% 0603 KEMET CHF1

10 μF 5 GCM32EC71H106KA03 CAP CER 10 μF 50 V 10% X7S AEC-Q200 1210 MURATA C1,C7,C8,C14,C15

1 μF 1 GCM155C71A105KE38D CAP CER 1 μF 10 V 10% X7S AEC-Q200 0402 MURATA C2

2.2 μF 1 GRT155C71A225KE13 CAP CER 2.2 μF 10 V 10% X7S AEC-Q200 0402 MURATA C3

0.1 μF 4 GCM155R71H104KE02D CAP CER 0.1 μF 50 V 10% X7R AEC-Q200 0402 MURATA C4,C5,C6,C13

22 μF 8 CGA6P1X7R1C226M250AC CAP CER 22 μF 16 V 20% X7R AEC-Q200 1210 TDK C9,C10,C11,C12,C16,C17,C18,C19

6.8 μH 1 SPM10065VT-6R8M-D IND PWR 6.8 μH@100 KHz 10.2 A 20% AEC-Q200 SMT TDK L1

4.7 μH 1 SPM12565VT-4R7M-D IND PWR 4.7 μH@100 KHz 14.0 A 20% AEC-Q200 SMT TDK L2

BUK9K18-4
0E 1 BUK9K18-40E Q1

BUK9K18-4
0E 1 BUK9K18-40E

 Dual logic level N-channel MOSFET in an LFPAK56D Nexperia
Q2

1.5 K 1 CR0603-JW-152ELF RES MF 1.5K 1/10 W 5% 0603 BOURNS RCOMP1

2.2 K 2 RK73H1ETTP2201F RES MF 2.2K 1/10 W 1% AEC-Q200 0402 KOA SPEER R1,R2

5.1 K 2 ERA2AEB512X RES MF 5.1K 1/16 W 0.1% 0402 PANASONIC R3,R4

1 M 2 CRCW04021M00FKED RES MF 1.0M 1/16 W 1% AEC-Q200 0402 VISHAY R5,R7

0.02 ohm 1 WSK2512R0200FEA RES MF 0.02 OHM 1 W 1% AEC-Q200 2512 VISHAY R6

FS56 1 PFS5600AMBAAES IC VREG DCDC BUCK DUAL 3-5.5V 3A/10A 2.7-40V AEC-
Q100 QFN32 NXP U1

Table 2. BOM for FS56
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7 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.
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8 Legal information

8.1  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.

8.2  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.

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 and/or industrial applications — This
NXP product has been qualified for use in automotive and/or industrial
applications. It has been developed in accordance with ISO 26262
respectively IEC 61508, and has been ASIL- respectively SIL-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.

8.3  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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