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Abstract— Nowadays demand for efficiency and high density of electronic device is high.
Therefore, great emphasis is placed on the properties of electronic components such as diodes,
transistors, transformers and more. Hence the scientific discipline was created Figure of Merit
(FOM) which is dealing with this issue.

The proposed article deals about the analysis of FOM of several power MOSFETs, whereby main
parameters are taken into consideration for calculation purposes. In order to verify faithfulness of
FOM the experimental measurements for determination of switching as well as conduction losses
of selected transistors are performed. Because experimental analysis represents time-consuming
process for evaluation of transistor switching performance, the various FOM methodologies are
being described taking into account main parameters for the FOM evaluation (transistor para-
sites, gate charge, switching frequency, parameters of target application, e.g., voltage — current
ratings). Comparisons between the amount of transistor’s losses and its FOM indicator are
provided.

1. INTRODUCTION

The development of switched mode power supplies significantly moved forward. Requested param-
eters of switched mode power supplies (SMPS) are reduction of the size and reduction of power
losses (increase of efficiency). In this article we decided to analyze several methods of FOM for the
power MOSFET transistors. These methods are:

• Switching FOM.
• Conduction FOM.
• Detailed FOM.
• Johnson FOM.

FOM is numeric value representing power parameter of components and other important fac-
tors, which affect this parameter. If we want to work with FOM method it’s very important to
know internal parasitic parameters. MOSFET transistors, through unipolar structure, belong to
the fastest power semiconductor component. Dynamic parameters are limited by internal parasitic
components [1–4]. The values of these parameters are given in components datasheets and are
dependent on the internal structure of MOSFET and on its technology (manufacture). Selected
transistors for FOM evaluation as well as experimental analysis of hard-switching commutation
mode are CoolMOS IPW60R165CP, CoolMOS, SPP20N60C3 and MOSFET IRF840. The last
mentioned device represents older technology of MOSFET transistors, whereby CoolMOS transis-
tors exhibits currently best in class performance for power applications (for example solar inverters,
renewable energy, telecom/servers, front-end converters etc.. . .).

2. FOM FOR MOSFET TRANSISTORS

2.1. Switching FOM

Switching FOM is used to evaluate switching behaviour/performance. Next formula is valid for
calculation:

FoMSW = RDS(ON ) ∗QGD , (1)

where

- QGD is main parameter of turn-on loss.
- RDS(ON ) represents conduction losses, when transistor is in on-state.
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Some manufactures indicates the value of QSW or QGS2. In this case we can find more accurate
value of FOMSW (2).

FoMSW = RDS(ON ) ∗ (QGD + QGS ) , (2)

where

- QSW is representing sum of turn-on loss (related with QGD + QGS .
- QGS is gate charge between threshold voltage and Miller plateau.

2.2. Conduction FOMCON

This is a traditional MOSFET FOM and determines rectified power loss. FOMCON (3) represents
the conduction losses and power losses of the transistor’s gate electrode.

FOMCON =
(
RDS(ON ) ∗QG

)
(3)

For soft switching technique QGD is negligible and therefore we would like to reduce RDS(ON )
in order to improve efficiency. On the other side, with reduction of RDS(ON ), QG loss increases.
There exist also better method which utilizes parameters QOSS (Output charge) and QRR (Reverse
recovery charge) together with QG for evaluation of power loss. In most cases, switching perfor-
mance is mostly missing; therefore combination with QSS is sometimes omitted in which conditions
have no standards too. The eGaN transistors are QRR and QOSS negligibly small as compared to
silicon MOSFETs [5].
2.3. Detailed FoM
If it is necessary to evaluate the performance of the transistor in terms of more precise choice, then
more detailed information are needed where effect of turn-on, turn-off, conduction loss and loss due
to gate excitation of transistor are considered (4).

Ploss =
Uin · Io

2
· (QGD + QGS ) ·RG

(UGS − UPLT )
· fSW +

Uin · Io

2
· (QGD + QGS ) ·RG

UPLT
· fSW

+I2
oRDS(ON )

Uo

UIN
+ QGUGSfSW , (4)

where

- UPLT is leading voltage of gate drive,
- IO is nominal value of current taken from datasheet,
- fSW is nominal switching frequency.

Furthermore, it is necessary to adopt new value namely excitation losses in gate circuit KGS (5).

KGS (UDR) = 1 +
UDR

UPLT − UTH
· 2UPLT (UDR − UPLT )

UIN IoRG
, (5)

where UDR is value of excitation voltage and UTH is threshold voltage. After that it is possible
to calculate FOM parameter for hard switching commutation mode (6). In the following equation
consideration of the losses of individual components is accepted [6–9].

FOM = (QGD ·+KGSQGS ) ·RDS(ON ) (6)

2.4. Johnson FoM
This method is for broadband gap devices like GaN transistors. Present type of transistor has
desired properties for high power application such as size of band gap and thermal conductiv-
ity. Johnson value represents high frequency power of wide-energy devices and is proportional to
saturation time and to the critical value of the electric field as shown in the following Formula (7).

FOMjohnson =
vsatEBD

2π
, (7)

where
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- vsat represents speed of saturation.
- EBD is the electric field which initiates the ionization.

However the value of FOM is not to be easily experimentally verified, because both parameters
vsat and EBD are intrinsic properties of the components. On the other side it is possible to find
these parameters by the simulation. These values can be coupled to the microwave measurements.
In general the cut-off frequency ft is associated with an effective speed of saturation, which can be
calculated by Equation (8).

fT =
vsat

2πLG
, (8)

where

- LG is effective length of gate.

Based on experimental analysis, it can be determined that the gate field varies almost linearly
across the effective length of the gate. Visible change mainly occurs mostly at the end of turn-off
interval. Since potential losses occur in the space between gate electrode and contacts we can write
the equation for the breakdown voltage [6–9].

VBD = α
EBDLG

2
, (9)

where

- α is an adjustable parameter which is associated with the voltage drop across the gate to the
rated voltage of the device.

Therefore, we can rewrite the FOM within the experimentally determined parameters with the use
of following Equation (10).

FOMJohnson =
1
2π

(2πLGfT )
2VBD

αLG
=

2
α

fT VBD (10)

The parameter α can be extracted directly from the measurement or simulation using the For-
mula (10) and the calculation of the breakdown voltage as integral field over the channel on which
the first impact ionization occurs.

3. EVALUATION OF FOM OF SELECTED TRANSISTORS

Determination of FOM parameter of selected transistors was done with the use of methodology A
— switching FoM (2), where effect of Miller capacitance is also considered. Conduction FoM has
been evaluated with the use of (3), where QRR was also accepted. The results of calculations are
shown in Table 1. As can be seen, the lowest value of switching and conduction FOM parameter is
for IPW60R165CP transistor (the lower the value is the better performance of transistor may be
achieved).

Table 1: Figure of merit for methodology A and B.

FOMSW FOMCON

IPW60R165CP 3,31 6,97
SPP20N60C3 8,36 18,62

IRF840 24,65 39,61

Table 2: The circuit and transistor parameters for FoM evaluation based on methodology C.

U TH [V] UDR [V] U PLT [V] IO [A] U IN [V] RG [Ω]
IPW60R165CP 3 15 5 variable 400 1.9
SPP20N60C3 3 15 5.5 variable 400 0.54

IRF840 4 15 5 variable 400 9.1
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Table 3: Parametrical evaluation of figure of merit for hard switching based on methodology C.

U in = 400 V IPW60R165CP SPA20N60C3 IRF840
I [A] KGS FOM KGS FOM KGS FOM

1 1.99 4.63 3.90 14.43 1.41 27.10
2 1.49 3.97 2.45 11.39 1.21 25.88
3 1.33 3.74 1.97 10.38 1.14 25.47
4 1.25 3.63 1.73 9.88 1.10 25.26
5 1.20 3.57 1.58 9.57 1.08 25.14
6 1.16 3.52 1.48 9.37 1.07 25.06
7 1.14 3.49 1.41 9.23 1.06 25.00
8 1.12 3.47 1.36 9.12 1.05 24.96
9 1.11 3.45 1.32 9.03 1.05 24.92
10 1.10 3.43 1.29 8.97 1.04 24.90

On the other side, if we need to evaluate selection of transistor more complexly, then it is
necessary to consider also gate drive loss KGS (5). This part becomes very important when very-
high frequency operation is considered. Input values for calculation of detailed FoM as well as for
calculation of KGS listed in Table 2. Consequently the evaluation of FOM was made parametrically,
i.e., in dependency on the parameters that are influencing hard-switching commutation mode in
the most manners (switching frequency, load current). It must be said, that all FOMs have been
computed for main circuit variables, at which experimental measurements were provided (Table 3).

As can be seen, the value of FoM from Table 2 is higher compared to FoMSW , because losses
from gate drive are taken into account too.

As can be seen from previous results IPW60R165CP is showing best performance, when complex
and simple FOM has been calculated. When we look more in detail on the results from Table 3 it
can be seen that IPW60R165CP is showing relatively small difference in the value of FOM, when
change of transistor current is being considered. This can be explained in the way that internal
capacitive parasitic components together with circuit and transistor parameters results in suitable
value. IRF840 shows the best value of KGS . However, internal parasitic components are decreasing
qualitative indicator of this part markedly, thus utilization for high-end systems won’t be a good
choice.

Let’s see if these results would also be confirmed after experimental analysis of hard-switching
commutation mode.

4. EXPERIMENTAL ANALYSIS OF HARD-SWITCHING COMMUTATION MODE

The experimental analysis served for the analysis of dynamic properties during hard-switching of
selected power transistors, whose selected type for analysis are CoolMOS IPW60R165CP, Cool-
MOS, SPP20N60C3 and MOSFET IRF840. The experimental analysis for FOM evaluation has
been realized at these parameters:

- UDC = 400 V.

Figure 1: Pricnipal schematic for experimental anal-
ysis of hard-switching.

Figure 2: Pricnipal schematic for experimental anal-
ysis of hard-switching.
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Figure 3: Pricnipal schematic for experimental anal-
ysis of hard-switching.

Figure 4: Pricnipal schematic for experimental anal-
ysis of hard-switching.

- Iload = 1–10 A.
- fsw = 100–400 kHz.

Principal schematic for the analysis is shown on Figure 1. The experimental analysis as well as
FOM evaluation was made parametrically, i.e., in dependency on the parameters that are influencing
hard-switching commutation mode in the most manners (switching frequency, load current).

Figure 2 to Figure 4 are showing results from parametrical experimental analysis of switch-
ing performance of transistor (evaluation of transistor’s switching power losses) in dependency on
transistor’s current and switching frequency. Each transistor was investigated separately with the
use of universal testing device and automatic switching loss evaluation algorithm, whereby each
part of power loss has been evaluated independently, i.e., turn-on loss, conduction loss and turn-of
loss [11–17].

Experimental measurements show that IPW60R165CP is achieving best switching performance
in the whole investigated range of variables. Based on these results, it can be said that evaluation of
FOM gives credible information about the quality of transistor performance for target application.
Also, in order to improve qualitative indicators of modern SMPS, detailed FOM evaluation, where
circuit parameters are being considered, gives proper information that can be sufficient during
selection of proper power transistor structure.

Because the research and development process must be continuously accelerated (due to market
requirements), the FOM methodology seems to be very valuable and perspective procedure for
transistors quality evaluation.

5. CONCLUSION

The main aim of this paper was confirmation of FOM methodologies for the evaluation of the quality
of power transistors from “efficiency” point of view. For this purpose the parametrical evaluation
of detailed FOM was provided for several generations of MOSFET transistors. The confirmation of
FOM results was provided in the way of experimental analysis of switching power losses during hard
switching commutation mode. The measurements for each transistor were evaluated separately and
switching losses in dependency on transistor’s current and on switching frequency were calculated.
The value of FOM is a power merit of devices, whose value indicates quality of semiconductor
device. The lower this value is, the better the performace shall be. After comparisons between
results of experimental analysis and results from FOM calculation, it can be said, that FOM
methodologies presents very perspective solution for the selection of proper power device for selected
power application.

In future works, we would like to focus on the evaluation of FOM parameter for soft-switching
commutation modes (zero-voltage switching, zero-current switching) as well as on determination of
FOM for various power devices (diodes — SiC, GaN transistors etc.. . .). Consequently the quality
indicator of proper semiconductor structures, will be verified during operation of target application
system (e.g., SMPS for distributed systems), where system efficiency will be the most important
merit.
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