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A Complete Power Solution for Automotive USB Ports
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With the proliferation of USB ports in new cars, providing power for each of these ports becomes more 
important and more cumbersome. Their sheer number and disparate locations require a robust, simple and 
low-cost solution to enable the fastest design time for the original equipment manufacturer (OEM) and maximum 
functionality for the end user.

Since a step-down converter running off the main car battery usually powers the USB ports, the converter 
must either tolerate or be protected from the inevitable voltage excursions or spikes on the car battery. Only a 
higher-rated voltage step-down converter will tolerate higher battery voltages and continue operation during the 
battery voltage spike.

Because most USB ports just charge portable device batteries, passengers usually tolerate a brief disruption of 
power delivery. Therefore, you can protect the step-down converter from brief periods of higher battery voltage 
with an overvoltage protection circuit instead of designing a step-down converter to withstand the overvoltage. 
The overvoltage protection circuit disconnects the step-down converter from the battery whenever the battery 
voltage is too high. If surviving an overvoltage on the input is required, you must use this type of circuit with a 
lower-rated voltage device such as the TPS62130A-Q1 step-down converter. This automotive device accepts up 
to 17V and delivers 3A of current. Through its synchronous rectification, it is efficient; its 3mm-by-3mm package 
is small for a converter of its power level.

Besides tolerating or being protected from higher battery voltages, many USB ports also need the capability 
to regulate 5V at the USB port to meet the USB specification, even among variations in load current and the 
corresponding variable voltage drop across the wiring in the car. This cable-drop compensation is especially 
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important for those USB ports that locate the step-down converter in the engine control unit (ECU) and not near 
the actual USB ports throughout the vehicle. A clear advantage of placing the step-down converter in the ECU 
is that a single printed circuit board (PCB) contains all of the electronics instead of having numerous individual 
PCBs for each USB port – this saves cost. A disadvantage is that cable-drop compensation is then necessary for 
each step-down converter.

To overcome this disadvantage, the TPS2549-Q1 USB port charging-controller incorporates three useful 
functions: current-limiting circuitry to protect the port from overcurrent conditions, the negotiation required to 
communicate between the USB device and USB host, and a dedicated pin that allows simple cable-drop 
compensation implementation. The pin easily interfaces with any step-down converter to adjust its output voltage 
as the USB port’s current draw varies.

The TI Designs Automotive USB Charging Port Supply Reference Design with Charging Controller and Cable 
Compensation demonstrates all of the required functionality for a USB port – overvoltage protection, step-down 
converter and USB charging controller with cable-drop compensation support – on a single PCB. Figure 1 shows 
the solution, which is small and simple.

Figure 1. PMP9765 Demonstrates a Complete USB Port Power Solution with Overvoltage Protection and 
Cable-drop Compensation

A small and tested solution with everything you need to implement a full-featured USB port in a car. Input 
overvoltage protection keeps the electronics safe, while the USB port controller enables the full functionality of 
the port.  What else do you need to power your automotive USB ports?

Additional Resources:
• Read the Automotive USB Charging Port Supply Reference Design with Charging Controller and Cable 

Compensation (PMP9765) test report.
• Read the blog: Keep your switching frequency above the AM radio band

www.ti.com

2 A Complete Power Solution for Automotive USB Ports SSZTBF6 – APRIL 2016
Submit Document Feedback

Copyright © 2023 Texas Instruments Incorporated

http://www.ti.com/product/tps2549-q1
http://www.ti.com/tool/PMP9765
http://www.ti.com/tool/PMP9765
http://www.ti.com/tool/PMP9765
http://www.ti.com/lit/ug/tidubf2/tidubf2.pdf
https://e2e.ti.com/blogs_/b/behind_the_wheel/archive/2016/02/16/how-to-keep-your-power-switching-frequency-above-the-am-radio-band
https://www.ti.com
https://www.ti.com/lit/pdf/SSZTBF6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SSZTBF6&partnum=TRF37B32


IMPORTANT NOTICE AND DISCLAIMER
TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE 
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” 
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY 
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD 
PARTY INTELLECTUAL PROPERTY RIGHTS.
These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate 
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable 
standards, and any other safety, security, regulatory or other requirements.
These resources are subject to change without notice. TI grants you permission to use these resources only for development of an 
application that uses the TI products described in the resource. Other reproduction and display of these resources is prohibited. No license 
is granted to any other TI intellectual property right or to any third party intellectual property right. TI disclaims responsibility for, and you 
will fully indemnify TI and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these 
resources.
TI’s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with 
such TI products. TI’s provision of these resources does not expand or otherwise alter TI’s applicable warranties or warranty disclaimers for 
TI products.
TI objects to and rejects any additional or different terms you may have proposed. IMPORTANT NOTICE

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated

https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

