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Introduction 

The USB-C has become the standard for charging and high-speed data transferring in the electronic market 
due to its fast speed, high power delivery capability, and compact and reversible connections. Because of its 
high power flow and compact size, it is prone to pin-to-pin short, especially shorting the low voltage tolerated 
communication pins to the adjacent high voltage VBUS pin, causing damage to the device and system. 
Therefore, protection must be incorporated into the design. The DPO2039 is a four-channel MOSFET device 
designed to work with the USB-C system to support robustness, communication and power delivery needs. 

 

DPO2039 works with USB-C System as Protection 

 
Referring to Figure 1 below, DPO2039 is placed between the connector and the system sides of the USB PD 
system. When the voltage at the connector side rises above the overvoltage threshold, the MOSFET switch 
which connects the two sides will be turned off, isolating the system side devices from exposing to the 
overvoltage connector side. FAULTB will output low to flag the fault condition. When the voltage falls below the 
overvoltage threshold, the switch will be turned back on followed by FAULTB high again. 
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Figure 1.  DPO2039 in USB-C System 

 

Pin Description and Functionality 

VSYS and GND pins 

The VSYS and GND pins form the power and return path for the signal. A 1µF MLCC capacitor is required to be 
placed between the two pins to provide clean and stable input power to DPO2039. The recommended working 
voltage range for VSYS is 2.7 – 5.5V. 

 
CB pin 

For surge and ESD protection, a 0.1µF capacitor is required to be placed close to the CB pin to ground.  
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FAULTB pin 

This is the status report pin. Connect a 1KΩ - 10KΩ pull-up resistor from this pin to VCC (3.3V or 5V). FAULTB 
will be pulled low in response to overvoltage, overtemperature, shorted to VBUS and ESD events. 

 

DIFF1C, DIFF2C, DIFF1S and DIFF2S pins 

The DIFF1C/2C pins go to the connector side of the USB-C connector; DIFF1S/2S pins connect to the system 
side connector. DIFF1C and DIFF1S, DIFF2C and DIFF2S are two pairs of MOSFET switches in series with the 
DIFF1 and DIFF2 lines, respectively. Not only do they support video signals, such as DisplayPort and HMDI in 
a USB-C system, but they also provide protection to the system side devices from being damaged in the event 
of connector side overvoltage or short to VBUS. When the voltage at the connector side rises above the 
overvoltage threshold, the switch will be turned off to isolate the system side from the connector side to avoid 
damages. Whenever the voltage falls back to normal range, the switch will be turned on again. Table 1 shows 
the recommended voltage range in normal operation. When not use, DIFF1C/2C shall be tied to GND and must 
never be left floating, however, the system side DIFF1S/2S pins can. 

 

CC1C, CC2C, CC1S and CC2S pins 

Similar to the DIFF1C/2C, the CC1C/2C pins connect to the connector side, and CC1S/2S pins connect to the 
system side of the connector. CC1C and CC1S, CC2C and CC2S are two pairs of power switches in series with 
the CC1 and CC2 lines that perform cable detection, high-speed data communication, power negotiation and 
deliveries over the USB-C system. Incorporated with overvoltage, short to VBUS and ESD protections, these 
switches safe guard the system side components from exposing to voltage and current surges at the connector 
end. Table 1 shows the recommended voltage range in normal operation. When not use, CC1C/CC2C shall be 
tied to GND or connected to VSYS pin for improving DIFF1/DIFF2 channels 3dB bandwidth. The CC1C/2C pins 
must never be left floating, however, the system side CC1S/2S pins may. 

 

Short to VBUS Protection 

The USB-C connector’s small pin-to-pin pitch has put it at high risk of shorting the low voltage tolerated signal 
pins to the adjacent high-voltage VBUS pin when a USB device is attached to the connector. If the short is 
occurred at the connector, large surge current will incur. If the short is at the cable end, large voltage spike will 
impose to the line. The DPO2039 has incorporated TVS diodes to quickly clamp the voltage to a safe level 
before turning off the switch to prevent damage.  

Figure 2 below shows when the connector side DIFF1C shorted to 20V VBUS voltage, the voltage is being 
clamped to 7V before switch turning off. 

 
Figure 2  DIFF1C Short to 20V VBUS at the Cable End 

DIFF1C shorted to 20VBUS 

DIFF1S being clamped 
 to 7V before turning off 
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Signal Operation Range and Output Status 

Tables 1 and 2 show signal operation ranges for CC1/CC2 and DIFF1/2 and the corresponding output status. 

 

      Table 1   Signal Operation Range for CCx 

0V ~ 5.85V OFF: Dead Battery RPD Inserted if Enabled

5.85V ~ 20V OFF: Dead Battery RPD Inserted if Enabled

0V ~ 5.85V ON

5.85V ~ 20V OFF: FAULTB Asserted (OVP detected)

0V ~ UVLO (Invalid)

2.7V ~ 5.5V (Valid)

 

 

 
 

Table 2 Signal Operation Range for DIFFx 

0V ~ 4.35V OFF

4.35V ~ 20V OFF

0V ~ 4.35V ON

4.35V ~ 20V OFF: FAULTB Asserted (OVP detected)

0V ~ UVLO (Invalid)

2.7V ~ 5.5V (Valid)

 
 

Please refer to DPO2039 datasheet for more information. 
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IMPORTANT NOTICE 
 
1. DIODES INCORPORATED AND ITS SUBSIDIARIES (“DIODES”) MAKE NO WARRANTY OF ANY KIND, EXPRESS OR 
IMPLIED, WITH REGARDS TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE 
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD 
PARTY INTELLECTUAL PROPERTY RIGHTS (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).   
 
2. The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes 
products described herein and application examples. Diodes does not assume any liability arising out of the application or use of this 
document or any product described herein. This document is intended for skilled and technically trained engineering customers and users 
who design with Diodes products. Diodes products may be used to facilitate safety-related applications; however, in all instances customers 
and users are responsible for (a) selecting the appropriate Diodes products for their applications, (b) evaluating the suitability of the Diodes 
products for their intended applications, (c) ensuring their applications, which incorporate Diodes products, comply the applicable legal and 
regulatory requirements as well as safety and functional-safety related standards, and (d) ensuring they design with appropriate safeguards 
(including testing, validation, quality control techniques, redundancy, malfunction prevention, and appropriate treatment for aging 
degradation) to minimize the risks associated with their applications.    
 
3. Diodes assumes no liability for any application-related information, support, assistance or feedback that may be provided by 
Diodes from time to time. Any customer or user of this document or products described herein will assume all risks and liabilities associated 
with such use, and will hold Diodes and all companies whose products are represented herein or on Diodes’ websites, harmless against all 
damages and liabilities.   
 
4. Products described herein may be covered by one or more United States, international or foreign patents and pending patent 
applications. Product names and markings noted herein may also be covered by one or more United States, international or foreign 
trademarks and trademark applications. Diodes does not convey any license under any of its intellectual property rights or the rights of any 
third parties (including third parties whose products and services may be described in this document or on Diodes’ website) under this 
document.   
 
5. Diodes products are provided subject to Diodes’ Standard Terms and Conditions of Sale 
(https://www.diodes.com/about/company/terms-and-conditions/terms-and-conditions-of-sales/)  or other applicable terms. This document 
does not alter or expand the applicable warranties provided by Diodes. Diodes does not warrant or accept any liability whatsoever in 
respect of any products purchased through unauthorized sales channel.   
 
6. Diodes products and technology may not be used for or incorporated into any products or systems whose manufacture, use or 
sale is prohibited under any applicable laws and regulations. Should customers or users use Diodes products in contravention of any 
applicable laws or regulations, or for any unintended or unauthorized application, customers and users will (a) be solely responsible for any 
damages, losses or penalties arising in connection therewith or as a result thereof, and (b) indemnify and hold Diodes and its 
representatives and agents harmless against any and all claims, damages, expenses, and attorney fees arising out of, directly or indirectly, 
any claim relating to any noncompliance with the applicable laws and regulations, as well as any unintended or unauthorized application. 
 
7. While efforts have been made to ensure the information contained in this document is accurate, complete and current, it may 
contain technical inaccuracies, omissions and typographical errors. Diodes does not warrant that information contained in this document is 
error-free and Diodes is under no obligation to update or otherwise correct this information. Notwithstanding the foregoing, Diodes reserves 
the right to make modifications, enhancements, improvements, corrections or other changes without further notice to this document and any 
product described herein. This document is written in English but may be translated into multiple languages for reference. Only the English 
version of this document is the final and determinative format released by Diodes. 
 
8. Any unauthorized copying, modification, distribution, transmission, display or other use of this document (or any portion hereof) is 
prohibited. Diodes assumes no responsibility for any losses incurred by the customers or users or any third parties arising from any such 
unauthorized use. 
 
Copyright © 2021 Diodes Incorporated 
 
www.diodes.com 

 

 

http://www.diodes.com/
https://www.diodes.com/about/company/terms-and-conditions/terms-and-conditions-of-sales/

