
 
Application Note AN 2014-04 

V1.6 April 2014 

 

  

T h e  a d v a n t a g e s  o f  C o m p l e m e n t a r y  P o w e r  
M O S F E T s  i n  N o n - i s o l a t e d  P o i n t  o f  L o a d  
a p p l i c a t i o n  

 

 
IFAT PMM APS SE DC 

Pradeep Kumar Tamma   

 



The advantages of Complementary Power MOSFETs in 
Non-isolated Point of Load application 
 

2 
 

 

 

Application Note AN 2014-04 

V1.6 April 2014 

 

 

 

Edition 2014-04-29 
Published by 
Infineon Technologies Austria AG  
9500 Villach, Austria  
© Infineon Technologies Austria AG 2014. 
All Rights Reserved. 

Attention please! 
 
THE INFORMATION GIVEN IN THIS APPLICATION NOTE IS GIVEN AS A HINT FOR THE IMPLEMEN-
TATION OF THE INFINEON TECHNOLOGIES COMPONENT ONLY AND SHALL NOT BE REGARDED 
AS ANY DESCRIPTION OR WARRANTY OF A CERTAIN FUNCTIONALITY, CONDITION OR QUALITY 
OF THE INFINEON TECHNOLOGIES COMPONENT. THE RECIPIENT OF THIS APPLICATION NOTE 
MUST VERIFY ANY FUNCTION DESCRIBED HEREIN IN THE REAL APPLICATION. INFINEON 
TECHNOLOGIES HEREBY DISCLAIMS ANY AND ALL WARRANTIES AND LIABILITIES OF ANY KIND 
(INCLUDING WITHOUT LIMITATION WARRANTIES OF NON-INFRINGEMENT OF INTELLECTUAL 
PROPERTY RIGHTS OF ANY THIRD PARTY) WITH RESPECT TO ANY AND ALL INFORMATION 
GIVEN IN THIS APPLICATION NOTE. 

 

Information 

For further information on technology, delivery terms and conditions and prices please contact your 

nearest Infineon Technologies Office (www.infineon.com). 

 

Warnings 

Due to technical requirements components may contain dangerous substances. For information on the 

types in question please contact your nearest Infineon Technologies Office. Infineon Technologies 

Components may only be used in life-support devices or systems with the express written approval of 

Infineon Technologies, if a failure of such components can reasonably be expected to cause the failure of 

that life-support device or system, or to affect the safety or effectiveness of that device or system. Life 

support devices or systems are intended to be implanted in the human body, or to support and/or maintain 

and sustain and/or protect human life. If they fail, it is reasonable to assume that the health of the user or 

other persons may be endangered. 

 

http://www.infineon.com/


The advantages of Complementary Power MOSFETs in 
Non-isolated Point of Load application 
 

3 
 

 

 

Application Note AN 2014-04 

V1.6 April 2014 

 

Table of contents 

 

1 Introduction .................................................................................................................................................. 4 

2 What is a Complementary Power MOSFET ............................................................................................... 4 

3 Problems in high frequency Non-ioslated Point of Load. ....................................................................... 4 

4 Complementary Power MOSFETs in Non-isolated Point of Load .......................................................... 7 

5 Conclusion ................................................................................................................................................... 7 

 

 



The advantages of Complementary Power MOSFETs in 
Non-isolated Point of Load application 
 

4 
 

 

 

Application Note AN 2014-04 

V1.6 April 2014 

 

1 Introduction 

In low power Non-isolated Point of Loads there is a trend to reduce the size of the overall converter. This is 
achieved by increasing the switching frequencies up to 2MHz. However, at these high frequencies there will 
be a big problem with the parasitic inductor in the circuit. A couple of nano-Henrys of inductance can cause 
huge voltage spikes that can destroy the MOSFETs. To avoid this destruction an extra protection circuit has to 
be implemented but this will increase converter design complexity and cost. 

The purpose of this application note is to give an overview of Complementary Power MOSFETs for Non-
solated Point of Load applications and how they can simplify the converters design complexity whilst at the 
same time reducing the size. 

2 What is a Complementary Power MOSFET 

Complementary Power MOSFETs are devices with both a P-channel and an N-channel MOSFET contained 
within the same package. This makes them very suitable for low power Non-isolated Point of Loads. Within a 
complementary device the P-channel and N-channel MOSFETs are not electrically connected. Thermally they 
have little influence on each other but it depends entirely on the cooling area. This feature makes it suitable for 
two-transistor non-isolated DC/DC converters such as Buck, Boost and non-inverted Buck-Boost converters. 

3 Problems in high frequency Non-isolated Point of Load 

In low power high frequency DC/DC converters a common potential cause of failure of the MOSFETs is 
parasitic inductance in the circuit which can cause huge voltage spikes. This can be illustrated in detail with an 
example. Consider a 3.3W Non-isolated Point of Load with 12V of input voltage and 5V of output voltage 
operating at a frequency of 800kHz. Figure 1 is a typical circuit configuration of a Non-isolated Point of Load. 

 

 

Figure 1: Typical Non-isolated Point of Load 

 

 

The MOSFETs used in the system have a breakdown voltage of 20V. It is also considered that the entire 
system is assembled on a 1oz. copper PCB. Figure 2 shows a sample PCB layout of the converter. 
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Figure 2: Non-isolated Point of Load sample layout (a) with discrete MOSFETs (b) with a 

Complementary MOSFET 

    

An approximation for the inductance of the PCB trace is 
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The height of the trace is usually 35µm/1oz. copper or 70µm/2oz. copper.  

 

Figure 3 below shows the variation of inductance with trace length and width.           
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Figure 3: PCB trace inductance 

As shown in the layout (Figure 2 (a)), the parasitic inductance in the circuit is ~3nH. At a switching frequency 
of 800kHz this inductance can cause a voltage spike up to the MOSFET breakdown voltage as shown in 
Figure 4 below. This voltage spike may destroy or degrade the MOSFET over time.  

 

Figure 4: Drain voltage of low side MOSFET 

From the above example it is clear that for high frequency DC/DC converters, parasitic inductance is a big 
problem. A protection circuit can be implemented but this increases the circuit complexity and the total cost of 
the system. From Figure 3 it is clear that a wider PCB track can be used to reduce this inductance. Doubling 
the width of the track reduces the inductance by 11%. However, the most effective way is to reduce the length 
of the track. Halving the length can reduce the inductance by 44%.  
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4 Complementary Power MOSFETs in Non-isolated Point of Load 

Infineon’s Complementary Power MOSFETs are available in SOT363, TSOP-6 and in SO-8 packages. Table 
1 below shows the Infineon Complementary Power MOSFET portfolio 

 

 
Package 

VDS,max 

[V] 
RDS (on),max 

[mΩ] 
ID,max 
[A] 

QG 

[nC] 
Ptot,max 

[W] 

BSD235C SOT363 
-20 2100 -0.53 -0.4 

0.5 
20 600 0.95 0.34 

BSL215C TSOP6 
20 250 1.5 0.73 

0.5 
-20 280 -1.5 -3 

BSL308C TSOP6 
-30 80 -2 -5 

0.5 
30 57 2.3 1.5 

BSL306C TSOP6 
30 160 1.4 0.6 

0.5 
-30 150 -1.5 -2.4 

BSO612CV G SO-8 
-60 300 -2 10.5 

2.0 
60 120 3 10.3 

BSO615C G SO-8 
-60 300 -2 13.5 

2.0 
60 110 3.1 15 

Table 1: Complementary Power MOSFET portfolio 

 

Let’s consider an example with the TSOP-6 package. Figure 5 shows the pin configuration.  

 

Figure 5: Complementary Power MOSFET configuration in TSOP-6 

Since both the transistors are in a single package the parasitic inductance in the circuit will be reduced 
drastically. So, for the same system shown in figure 1, replacing the two transistors with a Complementary 
MOSFET as shown in Figure 2(b) will reduce the parasitic inductance by ~44%. 

The reduced parasitic inductance will keep the voltage spike on the MOSFET to a minimum. Since the voltage 
spike is minimal there is no need for a protection circuit in the design thus reducing design complexity.  

5 Conclusion 

Combining a P-channel and an N-channel MOSFET within a single package reduces the parasitic inductance 
in the circuit and is the best fit for low power high frequency DC/DC converter applications. The P-channel 
MOSFET also simplifies the high side gate driver circuitry. 

A Complementary Power MOSFET gives an opportunity to reduce the complexity of the design and the 
number of components without compromising circuit functionality.  

 


