Choosing the Right DC/DC Solution for Automotive Front

Camera Systems
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We may still have to wait some time for widely
available autonomous vehicles, but advanced driver
assistance systems (ADAS) are becoming more robust
every year. One of the most important enablers of
these systems is the front camera. Front camera
systems take video data of the road and environment
in front of the vehicle and interpret information such as
traffic lights, other vehicles, and pedestrians. At the
heart of these intelligent systems are powerful
application processors. While they enable powerful
features, these processors have challenging power
requirements that make choosing a power solution
with good thermal performance especially critical.

What's Driving Higher Power Requirements?

The Society of Automotive Engineers (SAE) classifies
‘how autonomous’ a vehicle is into five levels. A major
trend in ADAS today is the move from Level 2 vehicle
automation systems, where the car can assist with
functions like steering and acceleration, to Level 3
vehicle automation systems, where under certain
conditions (like freeway driving) the car can operate
independently of a driver. To enable Level 3
automation, front camera systems must process
significantly more data, and their power requirements
increase accordingly.

Since the environment these systems operate in
remains small and enclosed, it's important to design a
power solution with good efficiency and thermal
performance. In this note, we’ll focus on the
parameters that can help you select an effective buck
converter solution for the high current point-of-load
rails that are common in front camera systems.

Thermal Considerations

While it's not the only contributor to a converter's
thermal performance, efficiency is a good starting point
for determining if a device will fit your application.
Using a device with low Rpson) MOSFETS will enable a
power solution that is efficient across the full load
range. Figure 1 compares measured efficiency data
between TI's TPS54618-Q1 and similar devices from
other suppliers under a common operating condition
for ADAS systems.
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Figure 1. Efficiency of TPS54618-Q1 vs
competitors' devices

At 5 A output, the TPS54618-Q1 has 3.5t0 6
percentage points higher efficiency than other
solutions. This represents a 30 to 55% reduction in
power loss (shown in Figure 2), which ultimately
means there is less heat to be dissipated in the front
camera system.
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Figure 2. Power loss of the same devices as above

In addition to efficiency, package thermal resistance
(Rq;a) Is also useful for estimating how much heat the
converter can dissipate. Temperature rise, the product
of thermal resistance and power loss, is important
because it governs both the maximum ambient
temperature in which a buck converter can operate
and how much current it can output before hitting
thermal limits. In automotive systems, where ambient
temperatures can be upwards of 80 °C, a converter
with poor temp rise can quickly hit its maximum
operating junction temperature. Below are the
calculated temp rise values for each device at 5 A
load.
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DEVICE Ruya (°CIW) POW'?V'TI)LOSS SOl
(°C)
TPS54618-Q1 44.3 0.98 43.49
Competitor A 38 1.27 48.32
Competitor B 43 1.52 65.48

To illustrate how these parameters affect real device
operation, Figures 3, 4, and 5 show the evaluation
boards for each device in thermal steady state with a 5
A load at room temperature. The measured device
temperatures are not as high as predicted based on
the Ry, values listed in the datasheets because the
effective R,;, of each device on its evaluation board is
lower in practice. Nonetheless, the thermal
performance does follow the anticipated trend based
on power loss and thermal resistance.

As expected, Competitor B’s device is the hottest due
to its high power loss. Even though Competitor A's
device has significantly more power loss than the
TPS54618-Q1, it only gets a few degrees hotter. This
is primarily the result of its lower effective thermal
resistance due to a larger package size and a much
larger board design with more copper filling. This
board design may not be representative of what would
be expected in a true space-constrained automotive
front camera system. Overall, the TPS54618-Q1 has
the best thermal performance even with a small PCB
area.

Conclusion

As front camera systems evolve to support higher
levels of automation, their power requirements become
more aggressive. This necessitates choosing a power
solution with good thermal performance. While
efficiency is an important piece of the puzzle, it's
critical that designers don’t overlook the other factors
that contribute to thermal dissipation, especially in
automotive applications where board space is limited
and ambient temperatures are high.

For further reading on TI's automotive point-of-load
buck converters, see Let’s break it down: how buck
converters make your power supply more flexible. For
an intro to thermal metrics, see Semiconductor and IC
Package Thermal Metrics. See TIDA-00805 and TIDA-
01524 for examples of complete high efficiency power
designs for ADAS applications. When you're ready to
get started on your front camera system design, visit
TI's Front Camera portal for more technical
documents, device recommendations, and reference
designs.

Figure 5. Competitor B's Evaluation Board Thermals
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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