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Automotive lighting has been using LEDs for more than 10 years. Initially, one of the main driving forces behind 
adopting LEDs was the lumen per watt efficiency gains they offer over incandescent lamps. This meant that, to 
maximize the efficiency improvements, the focus was on lamps that are on most of the time. Other reasons 
include safety and, most recently, styling. 
 
For example, the daytime running lamp or light (DRL) was introduced for the purposes of safety. These forward-
facing lights remain illuminated, across all battery conditions, so that other road users can see the vehicle. The 
better efficiency of LEDs and their design flexibility allows automotive manufacturers to produce distinctively 
styled lighting - many cars are now instantly recognizable by their DRLs.  
 
While LED technology offers vast improvements in performance, it is still important to consider an efficient 
power supply design. Buck-boost topology has been widely adopted for DRLs and Figure 1 shows a simplified 
circuit that typically employs a switching MOSFET (Q1) and, the focus for this document, a freewheeling or 
flywheel diode (D1) arrangement. Buck-boost topologies are normally implemented so that the correct drive of 
LEDs occurs across all input voltages – including cold cranking (9V or even down to 6V) and transients (>20V). 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Simplified buck-boost DRL circuit 
 
As this is a “boost” type of switching topology, the MOSFET and the freewheel diode peak currents will be much 
greater than the average LED current. This means careful choices must be made about the MOSFETs and 
freewheel diodes’ conduction and switching losses – especially at high temperatures. 
 
This document demonstrates the performance improvements of using Super Barrier Rectifier (SBR®) 
technology in place of the typical Schottky diode technology in this automotive application.  
  

SBR® is a Registered Trademark of Diodes Incorporated 
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SBR Introduction 
 

Super Barrier Rectifier (SBR) is a proprietary and patented Diodes Incorporated technology that utilizes a Metal 
Oxide Semiconductor (MOS) manufacturing process to create a superior alternative to the Schottky diode. 
Internally, the device is effectively a MOSFET with its gate (G) and source (S) terminals internally connected 
together effectively becoming the diode anode terminal and the drain (D) becoming the cathode terminal, see 
Figure 2.  
SBR devices are represented by the same electronic schematic symbol as the Schottky diode (Figure 3). 
 

 

 

 

 

 

 

 

 

 

 

In every other way the device behaves as a diode and assures drop-in replacement compatibility. For example, 
a 10A, 100V Schottky can be replaced by the SBR equivalent device without concern for other components; 
however, immediate improvements in efficiency and reduced device case temperature can be realized.  
 

Performance Evaluation 
 

To demonstrate the performance improvements SBR brings over Schottky technology, we compare a leading 
competitor with the same rating, as shown in Table 1. 
 
 

 
 

Diodes Inc. 
SBR10M100P5Q 

Competitor A 
10A 100V rated 

Device Technology SBR Schottky Diode 

Typical Forward voltage VF(V) (IF 1A @85°C) 0.50 0.50 

Typical Forward voltage VF(V) (IF 10A @85°C) 0.70 0.72 

Typical leakage current IR(µA) @85°C 1.7 18 

Typical leakage current IR(µA) @125oC 15 300 

EAS(mJ) 400 20 

IFSM(A)(square,8.3ms/10ms) 220 200 

Reverse Recovery Time trr (nS) 
(IF=3A, di/dt=50A/µs, VR=50V@85°C) 

28.3 33.2 

Reverse Recovery Charge Qrr (nC) 
(IF=3A, di/dt=50A/µs, VR=50V@85°C) 

9.4 14.1 

  

Table 1. Forward and reverse characteristics of the devices 
 
 

 
  

Figure 3. SBR electronic schematic symbol  

 
Figure 2. Simplistic representation of 

internal device and connections 
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Using a buck-boost evaluation driver board (Figure 4), and running on a range of input voltages from 7V to 30V, 
each device is tested, at position D1, to drive a string of LEDs. Performance improvements are expected to be 
seen in the following areas: 
 

1. Device case temperature 
a. SBR technology remains cooler due to lower internal losses. 

 
2. Power efficiency 

a. Fast switching, low forward VF, low reverse leakage current, low reverse recovery time and 
charge are all inherent with SBR technology and lead to improved efficiencies. These 
parameters remain more stable, compared with Schottky technology, at increased operational 
temperatures. 

 
The efficiency of the driver board and case temperatures of each device were measured. 
 

 

 

 

 

 

 

 

 

 

Figure 4. Each device tested in circuit at highlighted position D1 
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Ambient Temperature = 25°C 
 
At 25°C both technologies provide high efficiency, with improvements of up to 3% for SBR reaching close to 
92% overall, as shown in Figure 5. 
 

 

 

 

 

Figure 5. Buck-boost converter’s 
efficiency with SBR vs. 
Schottky 25ºC 

 

 

 

 

 

 

Ambient Temperature = 85°C 
 
At 85°C, however, significant efficiency drop-off of up to 6% can be seen with the Schottky device, as shown in 
Figure 6. 
 

 

 

 

 

Figure 6. Buck-boost converter’s 
efficiency with SBR vs. Schottky 
at 85oC 
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Device case temperatures 
 

Despite the Schottky device having a large underside heatsink, the case temperature of the SBR consistently 
runs up to 5°C lower in temperature across a range of ambient temperatures, as can be seen in Figure 7. 
 

 

 

 

 

 

 

 

Figure 7. Case temperature vs. 
ambient temperature 

 

 

 

 

 

 

Overall Efficiency 
 
As the ambient temperature increases, the overall efficiency gap between the SBR and the Schottky device 
also increases, as can be seen in Figure 8. A combination of diode forward conduction losses, increased 
reverse leakage current and switching losses, in conjunction with the overall system losses, contribute to the 
differences seen as the ambient temperature rises.  
 

 

 

 

 

 

 

 

 

Figure 8. Efficiency vs. ambient 
temperature 
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Power saving 
 
The overall result in improved efficiency is a saving in wasted power. Figure 9 shows that the improvement in 
efficiency returned a saving of up to 800mW. 
 

 

 

 

 

 

 

 

 

Figure 9. Power saving benefit of SBR vs. 
Schottky device at ambient 
temperature of 85°C 

 

 

 

 

 

Conclusion 
 
For some time Schottky technology has been selected for the freewheeling diode in typical buck-boost 
converters driving daytime running lamp LED lighting. The introduction of the SBR10M100P5Q, with its drop-in 
compatibility with Schottky diodes, means that circuit designers can now easily achieve lower losses due to 
faster switching times, lower forward voltage drop and lower reverse leakage current, leading to improvements 
in efficiency of up to 5%.  
 
The lower operating temperatures, of up to 5°C, together with increased robustness for hotter ambient 
temperatures, give automotive customers extra confidence for long-term reliability and stability over Schottky 
diode technology. The reduced burden on thermal management systems also means further savings can be 
realized.  
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IMPORTANT NOTICE 
 
DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT, 
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).   
 
Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other 
changes without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability 
arising out of the application or use of this document or any product described herein; neither does Diodes Incorporated convey any license 
under its patent or trademark rights, nor the rights of others.  Any Customer or user of this document or products described herein in such 
applications shall assume all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are 
represented on Diodes Incorporated website, harmless against all damages.   
 
Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales 
channel. 
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall 
indemnify and hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising 
out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized application. 
 
Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and 
markings noted herein may also be covered by one or more United States, international or foreign trademarks. 
 
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 Incorporated. 
 

LIFE SUPPORT 
 
Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the 
express written approval of the Chief Executive Officer of Diodes Incorporated. As used herein: 
 
A.   Life support devices or systems are devices or systems which: 
 
 1. are intended to implant into the body, or 
 

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the 
    labeling can be reasonably expected to result in significant injury to the user. 

 
B.   A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause 
the failure of the life support device or to affect its safety or effectiveness. 
 
Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or 
systems, and acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning 
their products and any use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any 
devices- or systems-related information or support that may be provided by Diodes Incorporated.  Further, Customers must fully indemnify 
Diodes Incorporated and its representatives against any damages arising out of the use of Diodes Incorporated products in such safety-
critical, life support devices or systems. 
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