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Introduction 
 
MOSFETs are produced for different applications. The basic understanding of a 
MOSFET is that the MOSFET works as a voltage controlled resistor. Ideally the 
resistance in on-state is zero, in off-state it should be infinite. Furthermore the control 
power should be zero since the control requires only a voltage – the current is zero. 
For static applications – applications in which the MOSFET is controlled slowly, for 
example in protection circuits as a circuit breaker – the significant parameter is the on-
state resistance R(DS)ON. This value should be ideally zero but depending on the voltage 
range and the package it is in the range of some mΩ and some Ω. 
 
In many cases MOSFETs are used to switch dynamically – for example in power 
converter applications (Switched Mode Power Supplies, SMPS). In these applications the 
performance of a MOSFET depends on several other parameters as well. SMPS 
switching frequencies are commonly in the range of below 100 kHz up to above 1 MHz. 
At these high frequencies the charge that has to be brought to the gate of the MOSFET to 
turn it on is not negligible. The charging and discharging of the gate has to be done very 
fast in order to diminish the switching losses. Basically it can be done faster if the charge 
to turn the MOSFET on is smaller. Because of that the gate charge QG is a very important 
parameter in a SMPS. 
 
For a given MOSFET technology R(DS)ON and QG are opposite to each other. A MOSFET 
with a lower on-resistance has a higher gate charge and vise versa. The product of both 
parameters seems to be constant. It is called the Figure Of Merit (FOM) and defined as: 
 
 GONDS QRFOM ⋅= )(        (1) 
 
The definition given above is not consistently used. This paper should help to compare 
MOSFETs and to calculate the FOM. 
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Calculation of the FOM 
 
R(DS)ON and QG are parameters that depend on other conditions. Both are controlled by the 
gate-source-voltage. The R(DS)ON is also strongly influenced by the junction temperature. 
For the considerations here we will constitute a junction temperature of 25 ˚C. This is 
commonly used as the measurement condition for parameters in the datasheet. 
In order to explain the calculation difficulties for the FOM we will have a look into a 
datasheet. As an example the Infineon OptiMOS®2 MOSFET IPD04N03LA will be used. 
 

 
 
Figure 1 
 
On the first page usually the R(DS)ON is given. The conditions are not specified here. This 
value has only informal character for the first choice of the MOSFET. It cannot be taken 
to compare the FOM since the conditions are not known. 
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Figure 2 shows the second and the third page with the R(DS)ON and QG specifications and 
its conditions. 
 

  
 
Figure 2 
 
The aggregation of the important parameters is shown in Figure 3. 
 

 
 
Figure 3 
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Figure 4 shows the differences in the gate 
charge parameters. 
 
Qsw is the so called switching charge. It 
applies for a VGS between the threshold 
voltage and the first rise after the plateau 
voltage (the end of the plateau). During this 
phase the MOSFET changes from off-state to 
on-state. The shorter the time is when that 
happens the lower are the losses made during 
this transition. In other words – the lower the 
switching charge the lower the switching 
losses. The R(DS)ON depends on the gate-
source-voltage and thus on the total gate 
charge at the applied VGS. Total gate charge 
and switching charge are also a function of 
the drain-source-voltage. 

 
Generally it is possible to take the lowest of the several R(DS)ON values and to multiply it 
with the lowest given gate charge value. The result would be a number which is nicely 
low but doesn't say anything about the MOSFET.  
 
A sensible comparison of FOMs is only possible if made under the same conditions. First 
of all it has to be defined under what kind of voltage conditions (VGS, VDS) the FOM has 
to be calculated. That depends on the circuit requirements. Also it has to be determined 
what kind of FOM should be calculated, Qsw x R(DS)ON or QG x R(DS)ON. The voltage 
conditions have to be applied to both of the parameters identically (that means if VGS is 
5V, VDS=12V then FOM(5V,12V)= QG(5V,12V) x R(DS)ON(5V,12V)). Another important 
aspect is the choice of the right data columns – do you compare typical values or 
maximum values? Since the policies for the determination of maximum values are 
different in many companies the best choice is the comparison of typical values in order 
to evaluate the technology performance. 
 
Let's assume the datasheet values have been taken under different conditions. Under these 
circumstances it is necessary to extract the typical values of the characteristic parameter 
diagrams. Figure 5 gives an example for getting the QG out of a characteristic diagram. 
VDS is the parameter. Not every VDS is given in the diagram. For missing values 
estimations have to be made. Figure 6 shows the dependency for the R(DS)ON. Also here it 
is sometimes necessary to estimate not given values. Also it can be seen that the drain-
current has a certain influence on the R(DS)ON and the comparison has be made with the 
same current. 

Figure 4 
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Figure 5 
 
 
 
 
 
 
Conclusion 
 
The comparison of MOSFETs of different vendors can be done by means of the Figure 
Of Merit under identical assumptions. Equations 2 and 3 describe how to calculate the 
FOM-values. 
 
 ),(),(),,( )( DSGSGDGSONDSDDSGS VVQIVRIVVFOM ⋅=     (2) 
 )(),(),,( )( DSswDGSONDSDDSGS VQIVRIVVFOMsw ⋅=     (3) 
 
Important: For the calculation only the same kind of parameters can be taken, maximum 

or typical values for R(DS)ON and maximum or typical values for QG. 

parameter: VDS 

Figure 6 


