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ABSTRACT

This application report provides the Electromagnetic Compatibility (EMC) performance comparison for
radiated and conducted emissions between devices in the same high-frequency buck converter family.
TPS54xx0-Q1 and TPS57xx0-Q1 devices have few differences in electrical parameters as listed in
Table 2. These electrical parametric changes are achieved by implementing minor changes in metal
layers. This report shows that these devices have similar EMC performance as expected.
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1 Introduction

The TPS570x0-Q1 and TPS571x0-Q1 devices have been updated to improve the EN threshold tolerance
and ESD performance with respect to the TPS540x0-Q1 and TPS541x0-Q1 devices they replace. A PCN
was issued in 2015 to notify the customers of End of Life (EOL) for TPS540x0-Q1 and TPS541x0-Q1
devices and replacement devices are proposed according to Table 1. Table 2 shows the key electrical
specification differences among these devices.

Pre-certification EMC-radiated emissions tests according to Automotive CISPR25 guidelines show the
EMC performance between the original device and its replacement device is similar and comparable. This
application report is a comparison study between the devices in this family. These devices can pass
emissions requirements by optimizing external components selection, component placement, and board
layout.

Table 1. List of Devices Being Phased Out (EOL) and
Proposed Replacement Devices

DEVICES BEING PHASED OUT PROPOSED REPLACEMENT
DEVICE
TPS54040-Q1 TPS57040-Q1
TPS54060-Q1 TPS57060-Q1
TPS54140-Q1 TPS57140-Q1
TPS54160-Q1 TPS57160-Q1

Table 2. Key Electrical Specification Differences Among TPS54xx0-Q1 and TPS57xx0-Q1 Devices

DEVICE NAME MAXIMUM INPUT MAXIMUM LOAD ESD RATING(V) — EN PIN SWITCHING
VOLTAGE (V) CURRENT (A) HBM® THRESHOLD (V)

TPS54040-Q1 42 0.5 +/-500 Min=0.9 Max=1.55
TPS54060-Q1 60 05 +/-500 Min=0.9 Max=1.55
TPS54140-Q1 42 15 +/-500 Min=0.9 Max=1.55
TPS54160-Q1 60 15 +/-500 Min=0.9 Max=1.55
TPS57040-Q1 42 05 +/-2000 Min=1.15 Max=1.36
TPS57060-Q1 60 05 +/-2000 Min=1.15 Max=1.36

@ Human-body model (HBM) per AEC Q100-002
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Table 2. Key Electrical Specification Differences Among TPS54xx0-Q1 and TPS57xx0-Q1
Devices (continued)
DEVICE NAME MAXIMUM INPUT MAXIMUM LOAD ESD RATING(V) — EN PIN SWITCHING
VOLTAGE (V) CURRENT (A) HBM® THRESHOLD (V)
TPS57140-Q1 42 15 +/-2000 Min=1.15 Max=1.36
TPS57160-Q1 60 15 +/-2000 Min=1.15 Max=1.36
2 EMC Tests
2.1 EMC Test Setup

Tests are carried out based on CISPR25 test procedures for conducted and radiated emissions at an
external laboratory (test house). Figure 1 through Figure 4 shows pictures of each setup.

Figure 1.

Setup for Conducted Emission (CE) Measurements
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Figure 2. Setup for Radiated Emission (RE) — Monopole Antenna (Rod) for 150 kHz to 30 MHz Range

Figure 3. Setup for Radiated Emission (RE) — Bi-con Antenna Horizontal for 30 MHz to 200 MHz Range
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Figure 4. Setup for Radiated Emission (RE) — Bi-con Antenna Vertical for 30 MHz to 200 MHz Range

2.2 Device Setup
» Device under test (DUT) for comparison between TPS54040-Q1 and TPS57040-Q1 devices.

— The TPS54040-Q1 device was mounted on one TPS57160EVM and TPS57040-Q1 device was
mounted on another TPS57160EVM (see EVM schematics in EVM User Guide , SLVUAS0).

» Device under test (DUT) for comparison between TPS54160-Q1 and TPS57160-Q1 devices.

— The TPS54160-Q1 device was mounted on one TPS57160EVM and TPS57160-Q1 device was
mounted on another TPS57160EVM (see EVM schematics in EVM User Guide , SLVUAS0).

* Input voltage: Car battery
— BAT+=135V
— BAT-=GND
» Switching frequency: fqyw = 2 MHz
e Output voltage: Vo =5V
* Load currents:
— lp = 0.5 A (10-ohm resistive load) for TPS54040-Q1 and TPS57040-Q1
— lp = 1.0 A (5-ohm resistive load) for TPS54160-Q1 andTPS57160-Q1

» Wiring harness length and placement: (BAT+ / BAT—) : 1.7 m. Wire harness and DUT are placed on 50
mm of insulation with respect to the test table.

» Line-Impedance Stabilization Networks (LISN): CISPR25 LISN placed between BAT+/BAT— and wire

harness.
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2.3 Measurement Procedure

Per CISPR25 measurement procedure, an ambient sweep is done without powering up the device.
After the ambient sweep, the device under test is powered up with its full load for the test measurement.

231 Comparison Between TPS54040-Q1 and TPS57040-Q1
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Figure 9. Conducted Emission Return Side: TPS54040-Q1

Figure 10. Conducted Emission Return Side: TPS57040-Q1
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Figure 11. Radiated Emission (Rod Antenna) — 150 kHz to 30 MHz — Ambient
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Figure 12. Radiated Emission (Rod Antenna) — 150 kHz to 30 MHz: TPS54040-Q1
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Figure 13. Radiated Emission (Rod Antenna) — 150 kHz to 30 MHz: TPS57040-Q1
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Figure 14. Radiated Emission (Horizontal — Bicon Antenna) — 30 MHz to 200 MHz:
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Figure 15. Radiated Emission (Vertical — Bicon Antenna) — 30 MHz to 200 MHz:
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Figure 16. Radiated Emission (Horizontal — Bicon Antenna) — 30 MHz to 200 MHz:
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Figure 17. Radiated Emission (Horizontal — Bicon Antenna) — 30 MHz to 200 MHz:
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Figure 18. Radiated Emission (Vertical — Bicon Antenna) — 30 MHz to 200 MHz:

Figure 19. Radiated Emission (Vertical — Bicon Antenna) — 30 MHz to 200 MHz:

TPS57040-Q1
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Comparison between TPS54160-Q1 and TPS57160-Q1

=0 AVE L
- B8 0P LMt
= B PK Limit

&
© Gusipa
avE

Limit Lovel (dBuV)

Conducted RF Emissions 0.150MHz - 108MHz

CISPR 25 Graph

CISPR2S CE 0.150MHz - Line Side
hmbient

0
150.0K

Frequency (Hz)

10.0M

EUT: TPS54150-01

= Ve i

- 58 0P Limit

- B P Lt

v Pems

o Guaspmx
AVE

Figure 20. Conducted Emission Line Side: Ambient

Limit Level (dBuV)

Conducted RF Emissions 0.150MHz . 108MHz

CISPR 25 Graph

2004

e

hmbient

CISPR2S CE 0.150MHz - Retuen Side

A ——

-

-10. + p
150.0K 1.0M 10.0M

Frequency (Hz)

EUT: TPSS4160-01

1
108.0M
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Figure 22. Conducted Emission Line Side: TPS54160-Q1

Figure 23. Conducted Emission Line Side: TPS57160-Q1
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Figure 27. Radiated Emission (Rod Antenna) — 150 kHz to 30 MHz: TPS54160-Q1
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Figure 28. Radiated Emission (Rod Antenna) — 150 kHz to 30 MHz: TPS57160-Q1
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Figure 29. Radiated Emission (Horizontal Bicon Antenna) — 30 MHz to 200 MHz:

Ambient

Figure 30. Radiated Emission (Vertical Bicon Antenna) — 30 MHz to 200 MHz:
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Figure 33. Radiated Emission (Vertical Bicon Antenna) — 30 MHz to 200 MHz:
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Figure 34. Radiated Emission (Vertical Bicon Antenna) — 30 MHz to 200 MHz:
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3 Conclusion

Conducted Emission test and Radiated Emission test results for TPS54040-Q1 and TPS57040-Q1 devices
are comparable with no major differences noted. Slight differences could be due to board-to-board
(including external component variance) and sweep-to-sweep variations. Similarly, the TPS54160-Q1 and
TPS57160-Q1 results are comparable with no significant differences. These results are as expected since
the design changes are minor and not in circuits that will contribute to the emissions profile. Also, since
these devices are all in the same family, the TPS5x040-Q1 results are comparable to TPS5x160-Q1
results even though the tests are conducted with different load conditions.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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