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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(ps)on. This value should be ideally zero but depending on the voltage
range and the package it is in the range of some m( and some Q.

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 Rpsyon 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:

FOM = R(DS)ON ‘QG (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

Rps)on and Qg are parameters that depend on other conditions. Both are controlled by the
gate-source-voltage. The Ripg)on 1s 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 IPD04NO03LA will be used.

Infineon
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IPDO4NO3LA

OptiMOS®2 Power-Transistor
Product Summary

Vs 25 |v
TR T
I 50 |a

Features

« ldeal for high-frequency dc/de converters

* N-channel

* Logic level
+ Excellent gate charge x R pgn product (FOM)
* Very low on-resistance R pgjon)

« Superior thermal resistance P-T0252-3-11

« 175 °C operating temperature
= dv/dt rated 10“%)

3

drain
pin 2
aate
Type Package Ordering Code | Marking pin
IPDO4NO3LA P-TO252-3-11 Q67042-S4177 | 04NO3LA ;?n”f;e

Figure 1

On the first page usually the Rps)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 Rpsjon and Qg specifications and
1ts conditions.

Infineon IPDO4ND3LA
S e IPDO4NOZLA  Parameter [symbol [Conditions Values. Unit
Parameter Symbol |Conditions Values Unit min. typ fmax
min. I typ. I max. Dynamic characteristics
Thermal characteristics Input capacitance [C o emts v - 4027 | 5356 |pF
Output i [N r_f”" e ' 1703 | 2265
Thermal resistance, junction - case  [Se.c - - 13 |kaw =1 Mk
Reverse fransfer capacitance Cres - 236 355
SMD version, device on PCB Ry |minimal footprint - - 75
Tum-cn delay time e - 13 20 |ns
 om” cooling area” Z - 50 Rise time 2 V=18 V. V=10V, - 70 1
(=25 A, R=2.70
Electrical characteristics, al T =25 °C, unless olherwise specified Tum-off delay time il ° N 40 5o
Fall time It - 7o 11
Static characteristics
Gate Charge Characteristics™
Drain-source breakdown vollage Varpss |Yae=0 W, 1p=1 mA 25 - L Gata 1o source charge .. - 12 16 |nC
Gate threshald voltage Viasmy  |Vos=Vaas, 1o=80 uA 12 18 2 Gate charge at treshokd . ot a8
Zero gate voltage drain current (. :,1:;5250\: Vas=0V, - 01 1 Jua Gate to drain charge Qo Ves=15 V., 1725 A - 90 3
! Switching charge ... Vos=0to 5V R 15 21
Vps=25 W, Viae=0 W, Gate ch: total =N - 33 a4
vl R 10 100 ate charge o
Gate plateau voltage V e - 3.0 B
Gate-source leakage current foss  |Vaem20 W Vom0 v - 10 100 [na
Drain-source on-state resistance [ 45V, 1.=50 A - 45 57 |ma Gate charge lotal, sync. FET (- 28 38 |nC
Vas=10 W, (=50 A - 32 28 Output charge B 37 4
Gate resistance EH - 13 - e
Reversa Diode
Transconductancs . |V osl>21 ol ceenimas 45 50 R Diode continous forward current - - - - 50 [a
(=50 A To=26°C
Diode pulse current i asutss - - 350
" Current is limitad by bondwire; with an R,.,.=1.3 KWW the chip s abls t camy 136 4. Dicds forward voltags Ve 0.8 12 v
“ See tigura 2
5 . Ve=15 V. 1e=ls,
T jrase™150 *C and duty cycle D <0.25 for V oe<-5 W Reverse recovery charge 2, i fr=400 Alys - - 15 |nC
# Device on 40 mm x 40 mm « 1.5 mm epoxy PCB FRA with & cm® (one layer, 70 um thick) copper area for drain r
connection. PCB is vertical in still air.
“ See figure 16 for gate charge parameter definition
Figure 2
The aggregation of the important parameters is shown in Figure 3.
Parameter Symbol |Conditions Values Unit
min. typ. max.
. . \ = - =
Drain-source on-state resistance Rpsen |Ves=4.5V, [p=50 A - 4.6 57 mi}
Vgs=10V, (p=50 A - 3.2 3.8
Gate to source charge Q - 12 16 nC
gas
Gate charge at threshold Q gy - 6.4 86
. - ]
Gate to drain charge Q ga Vep=15 W, Ip=25 A, 9.0 13
f
Vgs=0lo 5V
Switching charge Qew Gs™ " - 15 21
Gate charge total Qg - 33 44
Gate plateau voltage V clateay - 3.0 - \%
f
WV DS:U- 1V,
Gate charge total, sync. FET Q gisyney |, r - 28 38 |nC
Ves=01o 5 \%

Figure 3
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A Figure 4 shows the differences in the gate
Vas charge parameters.
Q
I . 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
V oo 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

21""*. P Qe » Qgate losses. The R(ps)on depends on the gate-
Qe Qs source-voltage and thus on the total gate
I B —» charge at the applied Vgs. Total gate charge
Figure 4 and switching charge are also a function of

the drain-source-voltage.

Generally it 1s possible to take the lowest of the several Rps)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, Vps) 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 Rips)jon or Qg x Rips)on. The voltage
conditions have to be applied to both of the parameters identically (that means if Vgs is
5V, Vps=12V then FOM(5V,12V)= Qg(5V,12V) x Rips)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.
Vps is the parameter. Not every Vps is given in the diagram. For missing values
estimations have to be made. Figure 6 shows the dependency for the Rips)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 Rpsjon and the comparison has be made with the
same current.
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Figure 6
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.

FOM(Vs,Vps.1p) = R(DS)ON Vess1p) Q6 Vs Vps) (2)
FOMsw(V5s,Vps:Ip) = R(DS)ON Ves»1p) Qs (Vps) (3)

Important: For the calculation only the same kind of parameters can be taken, maximum
or typical values for Rpsjon and maximum or typical values for Qg.
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