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3x.11 MOSFETs Through the Ages

MOSFETs are the dominant transistor species on the planet, having displaced bipolar technology in
logic, microprocessors, and microcontrollers. Early MOS devices were slow, and generally unsuitable
for power applications.

All that has changed. In other sections of the book we’ve treated the logic and processor scene (see,
for example, §12.1.1 for a brief history of BJT and CMOS logic, and §11.1 for the programmable
logic story); here we tell the story of power MOSFETs – their steady development through a half
century to the excellent contemporary performers; of the latter we show graphs and scatterplots to
illustrate the continual improvement in various figures of merit.

3x.11.1 A 30-Year MOSFET Saga

[[David, this section should be set in smaller type, a condensed “box”, but returning
to normal fonts at the end, at §3x.11.2]]

International Rectifier Corporation, usually called “IR,” was a force in the early history of power
MOSFETs. Alexander Lidow, one of the owner’s sons, experimented with MOSFET technology in
1976 a year before receiving his physics PhD from Stanford. His father gave Alexander a modest
budget of $100k of equipment and the aid of one engineer. With this he developed the HEXFET,
so called because of the hexagonal shape of each of its small cells. The HEXFET was expensive
to make, so to reduce manufacturing costs they created a huge fab, large enough to supply the
“entire world need” for MOSFETs. Alexander put it this way: “We bet the company, bet again,
and borrowed to bet some more on HEXFET.” In 1979 they introduced the IRF500 to IRF800
HEXFET series, in inexpensive plastic TO-220 packages.

A coherent family of power MOSFETs The part-numbering scheme handled 16 possible types,
with voltages from 100 to 500V and power levels from 36 to 125 watts.

family (by size): ’x10 ’x20 ’x30 ’x40
die size (mm2): 8 16 33

IRF5x0 (100V) ’510 ’520 ’530 ’540
IRF6x0 (200V) ’610 ’620 ’630 ’640
IRF7x0 (400V) ’710 ’720 ’730 ’740
IRF8x0 (500V) – ’820 ’830 ’840

The parts had simple names, IRF for IR FET, plus three digits. The first digit, from 5 to 8,
indicates the maximum drain voltage, and the last two digits, 10 to 40,68 indicates the part’s die
area, in factors-of-two steps.69 We circuit designers thought of it as the current- and power-handling
capability, as the actual die size was rarely mentioned.

With its well-organized parameter set, this family of MOSFETs provided engineers with the parts
they needed to explore the exploding power-MOSFET design scene in the early 1980s. It was a
brilliant approach, and the parts were immediate smash hits. They were rapidly second-sourced by
many other companies, and the dropping prices became very attractive.70 As we’ll see, these widely
sourced parts are also enjoying a long product life cycle, making them good choices for designs that
need a long manufacturing life. Recently IR’s original IRF500 to IRF800 die design and rights were
purchased by Vishay. They updated the datasheets in 2010, and seem determined to provide an

68The highest-current ’40 series was introduced a few years later.
69International Rectifier, HEXFET Databook, HDB-1, 1981, page 96. The “mm2” area notation means, e.g.,

8×8 mm for “8mm2,” etc.
70Curiously, the place reserved for a small 500V part (IRF810) was never filled.
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extended available life for these legacy parts. However, most of the family’s parts have morphed
into cheaper, improved modern versions, such as IRF830N replacing the IRF830, etc. We’ll return
to this story shortly.

The IRF500 family of HEXFETs represents an opportunity to look at a single series of parts, all
made using the same fab process and design techniques, to see how die size and voltage rating can
affect a part’s capabilities.

Small and large MOSFETs Many important parameters are primarily influenced by die size.
Gate capacitance, Ciss, and total gate-charge, QG, are directly proportional to the number of identi-
cally sized HEXFET hexagonal cells and hence to the die area, as the table below shows.71 Thermal
conductance from the die to the case decreases with active die area, although not quite proportion-
ally, as the RΘJC parameter shows. This translates directly into the maximum power dissipation
(PD @Tcase= 25◦C), namely PD(max) =(TJ−TC)/RΘJC.

’x10 ’x20 ’x30 ’x40 units

Ciss 163 348 696 1425 pF
QG 5.7 13.0 23.3 46.8 nC

RθJC 3.5 2.5 1.7 1.0 ◦C/W
PD 36 50 75 125 W (TC=25◦C)

RDS(ON) (mΩ, typical, at TC=25◦C)
family: ’x10 ’x20 ’x30 ’x40

100V IRF5x0 410 200 100 50
200V IRF6x0 1250 550 220 130
400V IRF7x0 3100 1300 740 435
500V IRF6x0 – 2500 1200 800

The second table shows the typical on-resistance, RDS(ON), for the 15 parts in the family. The
100-volt IRF510 to ’540 parts show factor-of-two on-resistance steps, nicely decreasing with the die
area as we scan across the 100-volt row. Looking down any of the columns, we see the on-resistance
increasing dramatically with drain-voltage capability, by more than a factor of 10 for a 5× increase
in voltage. For example, the 100V IRF520 with 0.2Ω versus the 500V IRF820 with 2.5Ω. RDS(ON)

scales approximately as (VDSS)1.5. We’ll revisit this table shortly to look at the relationship of
RDS(ON) to QG for different parts.

MOSFET datasheets highlight a current spec, ID(max)@TC = 25◦C, which is the maximum-continuous
current allowed with the junction temperature at 175◦C and the case temperature somehow unreal-
istically clamped to 25◦C. This is a calculated value, ID =(PD/kRDS(ON))

1/2, where k is the increase
in on-resistance with temperature, a factor of ∼ 2.4 at TJ =175◦C for these parts. It’s a best-case
continuous current capability, good for boasting in ads and on the front page of the datasheet. The
value ranges from 2A to 28A for the 15 parts in the table below. But it is not realistic, because we
can’t keep the metal tab at 25◦C, and we don’t really want to run the junction at 175◦C.

This current spec increases with die size, but not quite proportional to die area. Although RDS(ON)

does decrease inversely, RΘJC fails to improve inversely with die area. Following the observed increase
of RDS(ON) with voltage rating, the ID spec decreases with the drain voltage rating, VDS(max).

72

71The values are averages – specific different-voltage parts may vary.
72In these tables IR uses the maximum RDS(ON) spec at 175◦C.
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ID(max) (A, at TJ=175◦C)
family: ’x10 ’x20 ’x30 ’x40

100V IRF5x0 5.6 9.2 14 28
200V IRF6x0 3.3 5.2 9 18
400V IRF7x0 2 3.3 5.5 10
500V IRF6x0 – 2.5 4.5 8

IR also provided an additional conservative spec in its datasheets, maximum drain current at a
case temperature TC = 100◦C (also a calculated value). Substituting PD in the ID formula above,
ID = (PD/kRDS(ON))

1/2, we see a (150/75)1/2 = 1.41× reduction in ID when we increase TC from
25◦C to 100◦C.

ID(max) (A, at TJ=100◦C)
family: ’x10 ’x20 ’x30 ’x40

100V IRF5x0 4 6.5 10 20
200V IRF6x0 2.1 3.3 5.7 11
400V IRF7x0 1.2 2.1 3.5 6.3
500V IRF6x0 – 1.6 2.9 5.1

We don’t favor bumping up against the TJ = 175◦C limit. Taking instead a value of TJ = 150◦C,
we have a (2/3)−1/2=1.22× reduction from the datasheet’s overly-optimistic ID(max) spec. We can
simplify our lives and sleep better at night if we just divide the 25◦C datasheet values by a factor
of two, giving us conservative numbers we can actually use. It’s then our job to figure out how to
keep the case temperature under 70◦C to 100◦C.

Conservative current ratings Now the conservative current capability of our 15 parts looks like
this.73

ID(max) (A, 50% derated from TC=25◦C)
family: ’x10 ’x20 ’x30 ’x40

100V IRF5x0 2.8 4.6 7 14
200V IRF6x0 1.7 2.6 4.5 9
400V IRF7x0 1 1.7 2.8 5
500V IRF6x0 – 1.3 2.3 4

The IRF530 can safely switch 7 amps, and remain on 100% of the time. Ditto for the IRF540
switching up to 14 amps.

Returning to our story, IR’s IRF500 series was a smash success, so much so that four or five man-
ufacturers were offering MOSFETs with the same part numbers and specifications within a year
or two. IR also introduced logic-level versions of the 100 V and 200 V MOSFETs, the IRL5xx and
IRL6xx parts. The other manufacturers immediately offered these other parts as well.

Low voltage parts IR brought out parts using the same dies but with degraded current or voltage
specs, e.g., the IRF531 was a 60-volt version of the IRF530. It’s doubtful that a significant portion
of the fab’s output failed to meet the full specs, but this was a good way to offer cheaper parts
without seriously damaging the market for more expensive parts.

The popularity of the 60-volt HEXFET parts wasn’t simply because they were cheaper; IR had
in fact found a sweet spot for MOSFET switches: 55 V to 60V parts are especially useful with
low voltage supplies and in the automotive industry.74 To capitalize on this market, IR introduced

73Note we’re discussing only the TO-220 package versions. The surface-mount (“tabless”) packages – I2PAK (TO-
262) and D2PAK (TO-263) – use the same die, so most of the specs are unchanged, providing you can get the heat
off the metal back.

74Even in a system powered by a 13.8-volt battery, a higher voltage rating is needed, to safely handle surges and
spikes.
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higher current parts specifically designed for lower voltages. Enter the IRFZ14 to IRFZ44 series.

’z14 ’z24 ’z34 ’xz44 units

Ciss 300 640 1200 1900 pF
Qg 9.7 19 30 42 nC

RΘJC 3.5 2.5 1.7 1.0 ◦C/W
PD 43 60 88 150 W (TC=100◦C)

RDS(ON) 135 68 42 24 mΩ
ID(max) 7.2 17 21 36 A (TC=100◦C)

This series had a single voltage spec, VDSS(max) =60V. Comparing the unchanged RΘJC ratings, it
appears that IR used the same set of die sizes for the IRFZ14 to ’Z44 series as for the older IRF5x0-
series. However, the Ciss values have nearly doubled, so they may have increased the cell density. At
any rate IR improved upon the RDS(ON) values: 410mΩ down to 50 mΩ (for the older 100V parts)
was lowered to 135mΩ down to 24 mΩ (for the 60 V series). And the ID@TC = 100◦C currents
were likewise improved, by about 2×: from 4 A–20A (100V parts), to 7A–36 A (60 V parts). If
we apply our conservative factor of two, the IRFZ44 part can safely switch a 30A load, a welcome
improvement over 14 A.

Improved MOSFET die structures In a switching MOSFET’s vertical structure, the source-
to-drain path is formed on the sides of a groove in the silicon, in an array of identically sized cells
(Figure 3x.84). The current flow is vertical, from source metalization on the top, through a channel
next to the gate formed on the groove, down to the drain substrate, to the thick metal drain tab. If
the cell geometry is reduced, with finer lines and smaller cells, more cells fit onto a given die area,
or even into a reduced die area. The smaller die may degrade the part’s thermal resistance RΘJC,
but the larger number of cells in parallel can greatly reduce its RDS(ON) value. If RΘ · RDS(ON) is
maintained, or improved, the resulting new smaller part will have the same ID@TC spec, and can
be used in place of the older larger part. Often the new smaller-geometry design will also have lower
Ciss, and reduced total gate-charge, QG. The manufacturer’s motivation is to make more parts from
each silicon wafer (at the same per-unit price); the engineering customer’s motivation is to move
to a part with lower gate-charge; and the purchasing department’s motivation is to move to a part
with a lower price. We’ve found a guiding rule for the MOSFET industry.

Figure 3x.84: International Rectifier’s HEXFET r© vertical power MOSFET structure.

Why we win twice We users have another motivation for the later-generation parts. Our usual
formula for ID(max) has to include the total thermal resistance from junction to ambient (i.e., RΘ ≡

RΘJA =RΘJC+RΘCS+RΘSA), not simply the manufacturer’s portion of the thermal job (i.e., RΘJC).
So if the product RΘ · RDS(ON) can be maintained (or improved) by reducing RDS(ON), then the
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in-system relevant product (RΘJC+RΘCS+RΘSA) ·RDS(ON) will be greatly improved. We can’t make
a perfect heat sink, and thus for us the case-to-ambient thermal resistance RΘCS+RΘSA may greatly
dominate over the part’s junction-to-case RΘJC. We experience lower I 2R dissipation, proportional
to the extent that the RDS(ON) spec is improved. So we benefit twice from the improved part.

Reduced gate drive, and RDS(ON)QG figure-of-merit. As discussed elsewhere, it’s usually
desirable to use parts with lower values of QG to reduce gate-drive power losses. Advanced designs
using improved fab processes often have lower QG values for a given MOSFET capability. From
the RDS(ON) and QG values in the earlier IRF500-series table, we see that RDS(ON) decreases and
QG increases with increasing die size. So RDS(ON) · QG is a convenient figure-of-merit (FOM) for
evaluating a design and its fab process. In this FOM table we use the actual QG values for each
part, and we’ve included the 60 V IRFZx4 parts. The units of this FOM are nC-Ω. As in golf, low
scores are better.

Figure-of-Merit, FOM (nC-Ω)
family: ’1 ’2 ’3 ’4

60V IRFZx4 1.31 1.29 1.26 1.01
100V IRF5x0 2.13 2.06 1.62 2.35
200V IRF6x0 7.9 7.9 5.9 5.9
400V IRF7x0 17.7 19.5 17.8 18.7
500V IRF6x0 – 40.0 31.2 41.6

Note that closely similar FOMs are obtained for parts with the same voltage rating. To compare
parts with different voltage ratings, divide the FOM by V p

DS(max), where the power p is in the range

of 1.5–1.6. This helps to wade through the huge range of available parts and determine which have
newer designs and are made in advanced fabs, and which are not. Let’s return to our story about
the evolution of IR’s HEXFETs.

A progression of steady improvements The IRFZ34 and IRFZ44 were also smash hits, with
equivalents quickly offered by the competition. Newer parts with lower prices and better specs
could win out over older parts. By the early 1990s MOSFET manufacturers had learned the design
improvement tricks discussed above, and this scene included MOSFETs like the IRFZ44. To explore
this, let’s follow IR’s ’Z44 product line, in the convenient TO-220 package. IR has since offered
at least five variants beyond the IRFZ44, identified by a suffix. As before, we use typical QG

and RDS(ON) values, and ID(max) is the maximum continuous current with the case at 100◦C. For
comparison we’ve included the older IRF540 in this table.

’540 ’Z44 ’Z44E ’Z44V ’Z44N ’Z44VZ ’Z44Z units

VDS 100 60 60 60 55 60 55 V
RθJC 1.0 1.0 1.4 1.3 1.5 1.64 1.87 ◦C/W
PD 150 150 110 115 94 92 80 W*
RDS(ON) 52 24 20 14 14 9.6 11 mΩ
ID(max) 20 36 34 39 35 40 36 A*
Qg 47 42 38 55 41 43 29 nC
Qgd 17 17 16 22 16 18 12 nC
Ciss 1700 1900 1360 1812 1470 1690 1420 pF
Coss 560 920 420 393 360 270 240 pF
Crss 120 170 160 103 88 130 130 pF
E(10µs) 136 150 65 65 54 68 79 mJ
FOM 2.44 1.05 0.76 0.77 0.57 0.41 0.32 nC-Ω
* at TC=100◦C

At first glance the table is just a forbidding mass of numbers – but there’s a lot to learn with a
closer look. Scan across to compare a specific parameter. For example, the ID(max) values stick
pretty much to the original 36 A for all the parts; that’s the parameter that lets these parts share
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the ’44 label.

Look next at the RΘJC data, which starts at 1.0◦C/W but rises to 1.87◦C/W; this shows us that
IR has dramatically reduced the die size of the newer offerings. This means they can make more
MOSFETs per wafer and reduce the selling price without damaging profits. In some cases Ciss and
QG are lower, reducing switching losses. This also shows in the calculated FOM, which improves
by more than 3× for the IRFZ44Z.75,76 Looking at the Ciss and Coss data, we see another hidden
improvement. The newer parts show a dramatic reduction in Coss, even if less reduction was achieved
with Ciss. This means the FET’s design has been altered to favor lower output-node capacitive
switching losses, and the newer part is better suited to work at higher switching frequencies. This
improvement is hidden deep within the datasheets, but we’re confident that IR salespeople did not
fail to mention it to prospective customers.

The table shows the FOM improving from 1.05nC-Ω for the IRFZ44 down to 0.32nC-Ω for the
IRFZ44Z. That means IR has made dramatic improvements in their designs and the fab process.
But the competition has also been making dramatic progress. And as we will soon see, reducing
the required gate-drive voltage from 10V to 5V helps a lot, and further reducing the drain-voltage
capability also helps greatly. We’ll return to explore this scene presently, and no doubt we’ll find
some parts that improve upon the performance of the IRFZ44 series.

The original IRFZ44 was a big improvement over the older IRF540, with RDS(ON) reduced from
52mΩ to 24 mΩ, but these IRFZ44 variants show further dramatic improvement, down to 11mΩ
(and even 9.6mΩ for the IRFX44VZ). This is helpful for dc switching applications, as seen earlier.
If we apply our conservative factor of two to the TC =25◦C value, we get 33 A for the IRFZ44VZ,
not much of an improvement. But even if we’re stuck with a poor heat-removal design, I 2R tells us
that an 11mΩ part can carry 1.5× more current than a 24mΩ part.

Ironically, high-power linear applications suffer with newer parts The lower RDS(ON) values
in “improved” versions are of little benefit for linear applications, which don’t saturate anyway
(saturation is the antithesis of linearity). And the degraded thermal conductance and thermal mass
seen in later-generation “shrink die” MOSFETs are a real disadvantage in a linear circuit that is
producing substantial heat that must be removed. Aware of this issue, IR offers the IRFZ44R (not
shown above), made with the old IRFZ44 specs, and called a “drop-in replacement for linear/audio
applications.” The original IRFZ44 is also still available from Vishay. Be sure to look carefully at
datasheet RΘJC and PD values when selecting power MOSFETs for linear applications.

One other parameter is dramatically degraded, and that’s the thermal mass, because the dies are
smaller. This shows up on the datasheet’s “Single-pulse” curve in the Transient Thermal Impedance
graphs. We use the 10 µs value on the curve to calculate the maximum energy E(10µs) that raises mJ
that can be absorbed in 10 µs, raising the junction temperature by 150◦C, from 25◦C to 175◦C. This
parameter is closely related to EAS, the maximum Single-Pulse Avalanche Energy specification,77

with related discussion in §§3x.13 and 9x.23.8. Parts with reduced EAS are arguably less robust.
We see this parameter degraded from 150 mJ down to as low as 54 mJ.

Bigger is usually not better Often when choosing a power MOSFET, it’s tempting to simply pick
the biggest baddest one, the one with the lowest on-resistance, or the highest PD power-handling
spec, or the highest ID@TC =25◦C spec. But there are penalties for using unnecessarily large-die
high-performance parts, as can be seen by examining Table 3.4 on page 188 of the main volume. We
see higher prices (up to $5 compared to $0.25 cents), higher gate capacitances (13nF compared to
50pF), and higher gate charge (410 nC compared to 1 nC). We may also be forced to use a larger
package. There’s no best MOSFET (just as there’s no best op-amp, best analog-digital converter,

75IR calls the Z and VZ parts “automotive MOSFETs.”
76IR made a few changes in the datasheet, such as showing the typical data values favored by competitors, and

extending the Transient Thermal Impedance curve from 10 µs down to 1µs.
77The EAS value is measured for a longer pulse time, during which heat can spread further into the leadframe, so

it’s a higher value.
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or best microcontroller). Adapting slightly what our parents taught us,78 use the right MOSFET
for your design.

[[end of “boxed” section, back to normal fonts]]

3x.11.2 The next 15 years

Much has happened in the decade or more since our saga concluded. Silicon MOSFETs with
“super-junction” construction (Fig. 3x.85) have lower on-resistance for the same capacitance, which
is especially important for high-voltage MOSFETs with their less-than-stellar RON. And MOSFETs
made with silicon carbide or gallium nitride are the hottest new item in the MOSFET zoo.

drain

conventional MOSFET

drain

SJ-MOSFET

n+n+

n+ p+ p

gate source

p p pn n n nn

n+ p+ p

gate source

Figure 3x.85: A super-junction MOSFET’s vertical p–n junctions result in low on-
resistance (RON) and reduced gate charge (Qg) compared with the conventional planar
MOSFET, especially at high voltages.

The power MOSFET industry’s recent progress is seen in two main areas: low-voltage parts, mostly
with maximum voltage ratings below 200V, and high-voltage parts, mostly 500V to 1200 . Both
categories have seen a continuing trend of smaller feature sizes and improved geometries (Fig. 3x.85),
leading to lower RDS(ON) for a given die size, and, usually, lower capacitances. In the case of low-
voltage parts, there’s been an explosion of package variations, especially for surface-mount parts
(SMT), with some of the highest-performance parts appearing in some of the smallest and most
interesting packages. But a major struggle has always been how to get the heat out of the transistor
and into something else – the circuit board, the heatsink, or whatever!

A. Logic-level gates

A gate switching voltage spec of 10 V was adopted in the 1970s, and a decade later we got a convenient
“logic-level” spec of 4.5V (only available for parts with VDSS of 400V or less). After another decade
the low-voltage MOSFET scene began providing lower-threshold parts with gate-drive specs of 2.5
1.8V, and then 1.5V, 1.2V and 0.9V.79 Low gate-drive voltage requirements not only simplify the
driver electronics, but, given constant Ciss, they also lower the switching gate charge Qg. This is
doubly important, given that gate-drive power P =fVgQg.

78“Use the right tool for the job.”
79For example the Rohm RYC002N05, a 50V MOSFET in a SOT-23 package with RDS−3 Ω at 0.9V gate drive.
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B. Packages

One of the oldest classic surface-mount packages, the TO-263 or “D2Pak” (short for DDPak, larger
than the DPak), as it was called – was not much of an innovation. It was merely the long-lived TO-
220 bolt-down package with the tab end truncated to 1.65mm (becoming the sole drain contact),
with the middle lead now useless and chopped off at 1.4mm, and the outer two leads (gate and
source) shortened to 3.0mm and bent to line up with PCB traces, see Figure 3x.86. The TO-220’s
large metal back remains, with the 1.65mm extension, and takes on the responsibility for heat
transfer to the PCB.

Figure 3x.86: Evolution of the D2Pak and DPak surface-mount packages.

Given the package similarity, many parts are available in both TO-220 and TO-263/DDPak packages.
If you look at the power spec (in watts), which derives from the RΘJC spec (note the J-to-C, the
thermal resistance from the junction to the case), you’ll see that these are identical for the two
packages. But that’s really an unuseful spec, based solely on the nearly-identical pad of metal on
the two parts: in the case of the TO-220 we can efficiently deliver the heat to an attached heat sink,
suffering only a small additional RΘCS (case-to-sink) through thermal grease or thermal pad, the
situation is not so rosy for the DDPak. Here, though the case-to-sink thermal resistance is very low
(a large-area solder connection), the sink-to-ambient part of the equation is the circuit board itself,
which doesn’t conduct and dissipate heat well, certainly compared with an aluminum heat sink that
is used with the TO-220 packaged MOSFET.

The unimpressive datasheet specs typically admit (in a fine-print footnote) that they’re assuming a
one square-inch copper surface (who has room on their PCB layout for that?!). The resulting power
capability drops from 50 W or more (for a large heatsink) to 3.75W for the square inch of copper
in an (unrealistic) 25◦C ambient environment (calculated from their RΘJA spec), and even less in a
final product that operates in a realistic environment at elevated temperature.

Continuing with the evolution of the hoary TO-220 (which evolved to the SMT DDpak), the TO-252
(“DPak”) package is about 60% smaller, but the same thermal principles apply. Some parts are also
available in IPak and I2Pak versions. These packages keep the truncated tab, but leave three legs
in place for through-hole mounting. That allows them to be installed standing up on the board, so
small clip-on heatsinks can be attached to get you into the ∼3 W territory.

A welcome development, for those seeking to design smaller electronic devices, was the power MOS-
FET adoption of the SOIC-8 IC package footprint, see Figure 3x.87. As with the DPak, a large
heat-transfer pad on the bottom was added for the drain, with three source-terminal pins allotted
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Figure 3x.87: The SO-8 power package has a 3.8×4mm bottom-side thermal pad. The
PowerFLAT DSC package from ST adds a 2.4×3.8mm topside pad. Both are small –
even the diminutive DPak dwarfs these puppies.

for additional heat removal. The maximum drain current at 25◦C case temperature is

ID(max, 25◦C) =

(

TJmax − 25◦C

RDS(on)RΘJC

)
1

2

(3x.18)

If the MOSFET designers have reached a limit in driving down RΘJC (or worse, have lost ground
from the smaller “shrink” dies being produced by the semiconductor fabrication teams), they can
turn their attention to RDS(on). The industry’s answer to the “heatsink problem” has been to
aggressively drive down the on resistance, so the MOSFET doesn’t dissipate as much power in
the first place. This approach became especially important for the new smaller power packages.
Table 3.4b in the main book shows RDS(on) values as low 1.65mΩ for 60 V parts. But we could have
shown 25V parts with RDS(on) as low as 0.48mΩ!. One such part, Vishay’s inexpensive SiRA20DP,
in their SO-8 PowerPAK, is rated at 6.25W, and can conduct 81.7A, for 10 seconds when mounted
on its square inch of PCB copper (if the PCB remains at 25◦C, a dubious assumption). At a more
likely 70◦C ambient, it’s still rated at an impressive 65.3A. It’s evident that the steady reduction in
RDS(on) has been a boon to the designer of small circuits that must handle high current.

What more to say? Well, once you’ve got a power MOSFET in its surface-mount package safely
soldered to the PCB, you might find yourself wishing you could slap a heatsink on the topside,
to get more heat-removal area in play. Happily, the semiconductor industry has responded, with
SMT MOSFETs featuring dual-side cooling. Figure 3x.87 shows ST’s “PowerFLAT DSC” package,
with its topside 2.4×3.8mm pad along with the powerPAK SO-8 bottom thermal pad and pinout.
For example, the STLD200N4F6AG a 40V, 120A part, with an RDS(on) of 1.27mΩ; its RΘJC is
0.95◦C/W on the bottom and 2.9◦C/W on the top. Hey, we’ll take the 2.9◦C/W value and go with
it! With a reasonable 3◦C/W top-side thermal pad and heatsink, this part could dissipate up to
25W, breaking us away from the painfully-limited PCB thermal tyranny.

Circuit designers are increasingly interested in small packages, as they shrink their industrial and
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consumer widgets, and the industry has responded with a multitude of even smaller power packages;
there’s a nice sampling in the photographs in Figs. 9.46 and 9.47 in the main volume.

C. P-channel MOSFETs

There’s a p-channel power-MOSFET Table in the main book (Table 3.4a), but it goes only to 100V.
However, in a big spreadsheet we keep track of what’s available, and we’re sorry to report that
there are only six entries at 600V, all from IXYS, and not that many more in the 350–500V region.
What’s more, most of these are older parts; evidently the manufacturers don’t seem interested. This
is not good news for those of us who like to make high-voltage power amplifiers using standard
silicon power MOSFETs. There’s more new interest in the under 100V region, but Table 3.4a is still
reasonably up to date, and a good place to start exploring (most of the new parts are in unusual
and attractive small packages, and are for use below 50V). There’s a nice assortment of parts with
one n-channel and one p-channel MOSFET per package.

D. High-voltage parts

Our Table 3.4b (pages 189 to 191 in the main book) lists n-channel silicon MOSFETs all the way
up to 4.5 kV, and we’re happy to report seeing more new entries in the 2.5 kV to 4.7kV region –
once again all from IXYS. Several of their parts have been discontinued, but the scene is settling
down. There are new manufacturers paying attention to the 1.7 kV and lower range, and interesting
new parts to explore. A dramatic development in the last decade has been the explosion of super-
junction MOSFETs in the 500V to 900 V range. These feature dramatically-lower capacitances, and
can be used at higher switching frequencies, which allows smaller magnetics. There are also new
MOSFETs made from other materials, like silicon-carbide. There’s a 1.2 kV SiC part that some of
us have found quite useful – see for example §3x.15.2. We’ll discuss those later.

The story about 600V parts . . . In the early years when the power MOSFET market was
exploding, and engineers were discovering amazing new things to do with them, the highest volt-
age parts you could get were rated at 400V. Then IR introduced the 500V IRF820, 830 and 840.
The latter was rated at 125W, and was good for 5A switching; then Motorola and other manu-
factures jumped on the bandwagon. And power-supply designers jumped at the chance to make
universal-input-voltage supplies, working from 95 to 120Vac, or 230 to 250Vac (see §9.7.1). The
drill goes like this: rectify the ac, then cycle-by-cycle boost convert the half-sine at 400Vdc, charge
a “bulk” storage capacitor (perhaps using PFC, see Figs. 9.77 and 9.78), then add dc–dc converters
with transformers for whatever lower voltages you need. But designers quickly realized that 500V
MOSFETs didn’t provide enough safety margin for their ambitious ideas (with 400V and 5 A, we’re
talking 2 kilowatts!), so the pressure was on to provide 600 V parts. When these came out in the
early 1990s, everyone was in a good place. And in the mid-2000s 600V super-junction MOSFETs
became available, and we were in a very, very good place.

The “space” of MOSFET parameters is huge (voltages from 15 V to 4700V, currents from milliamps
to kiloamps, etc.), and a full exploration of their evolution over the decades is, as they say, well
beyond the scope of this book. So, to keep this discussion within the range of available pages we’ve
picked one region to explore: MOSFETs rated at 600V.

E. Capacitances

One of the most important parameters of a power MOSFET is its capacitance, which has a direct
effect on switching speed, bandwidth, and required gate drive current. There are three primary
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MOSFET capacitances to consider.80 There’s the gate-input capacitance Ciss, the drain-to-gate
capacitance Crss, and the output capacitance Coss. The gate is grounded for the latter, so it includes
Crss. We often pay special attention to Coss, to help calculate switching losses; see also §3x.5.5.

We will look at these capacitances individually.

Input capacitance, Ciss Intuitively the drain-source on-resistance is inversely proportional to
the FET’s effective channel surface area (imagine a bunch of FETs in parallel). And we know that
the FET’s capacitances must be proportional to area. So we might expect the gate capacitance Ciss

to vary inversely with RDS(on).

And, indeed, the scatterplot in Figure 3x.88 shows Ciss varying inversely with RDS(on). Note the
close adherence of datapoints to the straight line of constant product CissRDS(on), over three orders of
magnitude; the best parts hug the trend line, with other less-successful parts with the same RDS(on)

having two or three times higher input capacitance. Since Ciss and RDS(on) are roughly inversely
related, we can define a Figure-of-Merit, FoM=CissRDS(on). Calculating this FoM is a good way to
evaluate parts you’re considering, either from their datasheet specs, or from values in Table 3.4b.81

Closely-related to Ciss, and even more interesting, is the total gate charge, Qgd. This is the charge
you have to pump into the gate’s capacitance to raise its voltage up to the on value, typically 10V.
In a naive view, gate charge would be Q=CissVon. But as you drive the gate of an active MOSFET,
the drain voltage descends to zero, sinking current from the gate through the feedback capacitance
Crss (Miller effect). Although the feedback capacitance is much smaller than the gate capacitance,82

this effect can nevertheless be serious: imagine a drain voltage changing by, say, 400V in an offline
power converter. The charge from the small feedback capacitance, dropping 400V, can easily match
the charge from a 40× larger gate input capacitance that’s changing 10V. This is, of course, the
Miller plateau at work, which we saw in the main volume in §3.5.4A; see also §3x.12 for greater
detail, with measurements.
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Figure 3x.88: Input capacitance versus on-resistance for a selection of 600V and 650V
n-channel MOSFETs.

80The capacitances are generally measured with a low-level signal (100mV) at 1 MHz. Most manufacturers use
HP’s classic 4280A, which can measure capacitance to ground, suitable for Ciss and Coss, and a floating capacitance
between two pins, e.g., gate and drain, as required for Crss. The standard voltages are VGS = 0V and VDS = 25 V
(although the 4280A lets you adjust the drain voltage from −100 V to +100V, with +100V commonly used for
super-junction parts).

81We haven’t prepared a scatterplot of this FOM, but you can look ahead to Fig. 3x.89 for a related scatterplot
showing improvements over 25 years in another FoM – the product of RDS(on) and total gate charge Qgd.

82And highly nonlinear in drain voltage, as we saw in Fig. 3.100; see also Fig. ??.
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Capacitance versus drain voltage The MOSFET Crss and Coss capacitances change dramati-
cally with drain voltage. But we defer discussion and graphs to §3x.11.3 below, where we compare
four MOSFET technologies. See also §3x.5.5, where we discuss MOSFET spice models, with further
discussion of MOSFET capacitances.

Feedback capacitance, Crss This parameter, Cdg or Crss, can be important in evaluating gate
drive requirements, and also other switching aspects, such as problems caused by high drain-voltage
slew rate (dVDS/dt). The latter can cause damaging voltage spikes: the drain slewing causes a
transient current I =C dV/dt, which in turn interacts with parasitic inductances to create a voltage
transient V =Ldi/dt.83
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Figure 3x.89: Twenty five years of MOSFET evolution, showing improvements in gate
charge figure-of-merit (closely related to feedback capacitance) for a selection of 500V
and 600 V MOSFETs.

MOSFET data in Table 3.4b (and in our contemporary spreadsheet) shows that Qgd (the portion of
gate charge due to Crss) can amount to nearly half of the total gate charge Qg for many MOSFETs.
Figure 3x.89 shows the improvements in Crss over 25 years of 500V and 600V MOSFET development.
It’s nice to see how designers have been successful at reducing feedback capacitance, and thereby the
gate-charge fraction Qgd. The data includes a host of super-junction MOSFETs, plus a few 600V
silicon carbide parts, revealing improvement by factors of five to ten. It’s not an exaggeration to
assert this is one of the reasons power-design engineers have been having a good time lately.

83High drain-voltage dV/dt, such as from body-diode reverse-recovery snap-off, combined with the feedback capac-
itance, can create unintended and damaging gate voltages. Half-bridge and full-bridge configurations can have both
polarities of snap-off spikes. This can be the result of excessive switching deadtimes, hard (rather than soft) freewheel
diodes, activation of the MOSFET’s parasitic npn transistor, etc. You can have fun Googling this huge can of worms.
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Output capacitance, Coss Look at Figure 3x.90, where we’ve made a scatterplot of Coss versus
RDS(on) for a large collection of available high-voltage (600 V and 650V, but 1200V(!) for the silicon
carbide parts) MOSFETs.84 New GaN and SiC MOSFETs have dramatically lower capacitance
specs than conventional MOSFETs, but many of the super-junction (silicon) parts are competitive.
The Coss capacitance is especially important, in part because of its switching-loss contribution85

P = fCV 2. As we’ve seen, this capacitance is inversely proportional to on-resistance, the latter
roughly proportional to the effective die size. Note the line RDS(ON)Coss =constant, which can be
considered a figure of merit (lower is better). This is one reason you shouldn’t select a “bigger”
part than needed – bigger isn’t better, if you want to minimize switching losses caused by excessive
capacitance.
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Figure 3x.90: Scatterplot of Coss versus RDS(ON) for some three hundred MOSFETs
rated at 600V, and two SiC parts rated at 1200V.

Capacitances for conventional MOSFETs with similar RDS(ON) vary within a 4:1 band (upper black
symbols); their Coss is usually specified at 25 V, because it doesn’t drop much more at higher voltages
(see curve 1 in Figures 3x.91 and 3x.92). By contrast, the new super-junction MOSFETs86 are
specified at 100 V or above (and sometimes even at 480 V or 1000V), because their capacitance is
much higher below those voltages (see curve 2 in Figures 3x.91 and 3x.92. They also vary within a
4:1 band (open symbols), but the Coss at high VDS can be as much as 10× lower than conventional
MOSFETs.

Infineon’s IPZ60R017C7 is a very low capacitance silicon super-junction part. One thing that’s im-
pressive is that many 1.2 kV SiC parts (black triangle) compare favorably with 600V parts, so they’re
worth considering for lower-voltage applications. Transphorm’s TPH3207WS and TPH3208PS are
GaN parts incorporating cascode JFETs, giving them Coss capacitances near the bottom of the pack.

84Super-junction MOSFETs are not available for voltages below 500V. Also, logic-level gate operating voltages are
not available for voltages above 400V.

85An additional important switching-loss term (sometimes called “class-A” switching loss) relates to gate drive
and switching speed: during a slow transition from on to off (and vice-versa), the MOSFET is burdened with an
instantaneous power dissipation P =IDVDS.

86Super-junction MOSFETs are not available for voltages below 500V. Also, logic-level gate operating voltages are
not available for voltages above 400V.
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Wide bandgap (WBG) devices The half-dozen parts in Figure 3x.90 with dramatically lower
Coss than the rest of the field are GaN and SiC types, except for the unique 27mΩ best-in-class
part (open-square), which is an SiC type – the UJ3C065030T3S by United Silicon Carbide, Inc.
(UnitedSiC). This is one strange beast, with an explicit cascoded JFET, happily packaged in a
convenient TO-220.

3x.11.3 Four kinds of power MOSFETs

We’ve put off the business of how MOSFET capacitances depend on drain voltage, having mentioned
only that they decrease significantly with increasing voltage. As it turns out, the four contempo-
rary technologies of MOSFET construction – 1 conventional silicon, 2 super-junction silicon, and
the two wide-bandgap materials 3 silicon carbide (SiC) and 4 gallium nitride (GaN) share char-
acteristics that set them apart from the others.87 Here’s a minitable of properties of the three
semiconductor types:

EG µ EB k
# type (eV) (cm2/V·s) (MV/cm) (W/cm◦C)

1,2 Si 1.14 1200 0.3 1.5
3 SiC 3.2 900 3.0 4.9
4 GaN 3.4 1500 3.0 0.5

The bandgap voltage EG for SiC and GaN is much higher than silicon, which is why they’re called
wide-bandgap or WBG devices. Silicon’s electron mobility µ is midway between the WBG materials;
the latter have an order of magnitude higher breakdown field EB than silicon. As a consequence
WBG MOSFETs can have a very thin drift layer and/or higher doping concentration. The thermal
conductivity k of SiC is much higher than silicon, while GaN is much lower. It’s clear that we can
expect designs made with these semiconductors to behave differently.

In the minitable below we compare the electrical properties of four 600V MOSFETs of these differing
technologies,88 all with an Ron of 120mΩ. That on-resistance puts these parts squarely in the
muscular region for 600V MOSFETs, easily able to manage kilowatts of power (compared with, say,
250mΩ to 600mΩ parts that would be commonly selected for offline ac–dc power supplies, inverters,
small motors, lighting, solar-panel optimizers, and the like).

PD Ron @VGS ID 25C Qg Ciss

# type (W) (mΩ) (V) (A) (nC) (pF)

1 Si 1040 125 10 50 94 6300
2 Si-SJ 165 120 10 36 61 1200
3 SiC 165 130 18 29 48 1680
4 GaN 96 110 8 20 10 760

What’s striking about this table is the dramatic reduction of maximum power dissipation in the
newer technologies, compared with good ol’ silicon MOSFETs. This is primarily due to the smaller
semiconductor die sizes, with their correspondingly increased thermal resistance (recall eq’n 3x.18,
where RΘJC appears in the denominator). So, even though these representative parts have compa-
rable on-resistance, the newer technologies cannot handle anywhere near as much power as conven-
tional silicon: a kilowatt for the silicon part, versus 100–170W for the others. To be able to handle
comparable current (and power), the die sizes for the newer technologies would have to be increased
(raising their gate charge and capacitance from their lower initial values).

87Of course, for any given type of MOSFET you can expect individual designs to show considerable variation among
different manufacturers’ parts, or even different products from the same manufacturer.

88The part numbers are IXFH50N60P3 (silicon, IXYS/Littelfuse); TK20E60W (Si-SJ, Toshiba); SCT2120AF (SiC,
Rohm); and TPH3208PS (GaN, Transphorm).
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Silicon carbide MOSFETs require much higher gate-drive voltages than the 10 V spec of conventional
MOSFETs (early SiC parts required +20 V and 5 V), but, happily, most GaN parts are happy with
less than 10V (which is unusual for high-voltage conventional MOSFETs). When all factors are
considered, the three newer types generally require less semiconductor area to get the job done,
potentially benefitting the manufacturer. It’s amusing to see tiny SiC dies in huge TO-247 packages,
rather than a TO-220 or smaller that would work fine, evidently done to impress the buyers. See
further discussion of SiC and GaN MOSFETs in §3x.17, and some application circuits in §3x.15.

A. Comparison of capacitances

Revisiting the MOSFET parameter of capacitance, which figures importantly in switching speed
and switching losses, let’s see how these technologies compare.

Ciss Input capacitance Ciss does not vary much with drain voltage (see for example Fig. 3x.40), so
a look at the minitable above tells the story: for comparable on-resistance and MOSFET voltage
rating, the input capacitance of super-junction and SiC MOSFETs is reduced (improved) by a factor
of four to five, and for gallium nitride a factor of eight, relative to conventional silicon MOSFETs.

Crss Feedback capacitance Crss is another story altogether (one that needs to be told with graphs!),
because there’s a strong dependence on drain voltage, as was seen in Figure 3x.40 (where the feedback
capacitance dropped by a factor of 100 as the drain voltage went from zero to 40V). And here the
different technologies differ widely, as seen in Figure 3x.91’s plot of Crss versus drain voltage.
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Figure 3x.91: Miller capacitance (Cdg or Crss) versus drain voltage, for MOSFETs with
similar RDS(on) =120 mΩ, made with four different technologies.

The ordinary silicon type (an IXFH50N60P3), trace 1 , has the highest capacitance below 5 V, but
quickly drops (by a factor of 1000!) to only a few pF, and is the clear winner.89 It will therefore have
the lowest total energy required to charge the Crss capacitance from 0 to 400V (80% of VDSS), and
Crss will make only a small contribution to gate charge Qg. However, this MOSFET’s high input
capacitance Ciss makes it last in that category. Usually the super-junction parts (Si-SJ, trace 2 )
will win in the Crss category, above 100 V anyway, and their lower Qg wins over the silicon part.
The SiC and GaN parts, traces 3 and 4 , do poorly, even above 100V, but their low Ciss comes

89Perhaps it’s unfair to select an IXYS part – for a few years they have been touting “Ultra Junction X2-Class”
parts with superior properties. We didn’t choose one of their X2-class parts, but something unusual is still going on.
In our defense we like to show what manufacturers can do, even if they don’t always do it.



100 CHAPTER 3X. ADVANCED FET TOPICS

to the rescue, and they win in the Qg category. However, don’t forget that you’ll need to select a
lower Ron (larger die, thus larger capacitance and gate charge) part to equal the current capabilities
of silicon parts.

Coss Finally, in the Coss plots in Figure 3x.92 the potential advantages of the new technologies
become evident. The silicon part (trace 1 ) is the overwhelming loser above 30 V. The silicon super-
junction part (trace 2 ) is the winner above 40V, but not by much, and it has to overcome a huge
deficit built up below 25V. The SiC and GaN parts (traces 3 and 4 ) look pretty good, but as we’ll
see below in Figure 3x.93, an integrated energy calculation will hand the prize to the super-junction
MOSFET.
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Figure 3x.92: Drain output capacitance (Coss) versus drain voltage, for parts of compa-
rable on-resistance made with four different MOSFET technologies.

B. Energy: what does all this capacitance stuff mean?

As you might suspect, examining the tortured plots of capacitance versus voltage for these power
MOSFETs makes it painful to estimate the energy and power dissipation of circuits using them. In
the good ol’ days of ordinary silicon MOSFETs, most of the capacitance drop occurred in the 5–
20V region, and we could simply use the datasheet’s capacitance spec at 25V for rough calculations.
But manufacturers of the new high-voltage super-junction MOSFETs were proud of the remarkably
low capacitance their parts could achieve at high voltages, and they weren’t happy showing the
unflattering high capacitance at the conventional 25 V. So they changed their specification to list
instead the capacitance at 100V. Now, while presenting nice small values, they were hiding the
high energy levels involved in charging the much higher capacitance for the first 75V. This was an
especially significant issue for Coss, which is important in calculating switching losses.

Equivalent energy. The solution to this issue was to introduce new energy-related variables. The
simplest (and least useful) energy variable is “time-related equivalent energy.” You apply a charging
current to the drain, and see how much time it takes to charge to each x-axis drain voltage point;
then you calculate the effective capacitance, assuming that it maintained a fixed value: Ceff =It/V .
Then use those effective capacitances to calculate the effective energy for each capacitance and
voltage: Eeff = 1

2
CeffV 2. The resulting energy values may not be that useful, but the curve shapes

do reveal something about what’s going on at low voltages. On datasheets it’s common to see the
energy values at 80% of the maximum drain voltage at 25◦C (0.8VDSS), to be used when comparing
competing parts.
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Figure 3x.93: Stored energy (Eoss) versus drain voltage, for four representative 120 mΩ
MOSFETs. The plotted values show the integrated energy from zero volts to the x-axis
voltage.

Stored energy. The second (and more useful) method is to calculate the energy required to change

the voltage (in small steps) up to a final drain voltage VDS; in other words, integrating IdV to form a
plot of stored energy, EOSS, versus final drain voltage VDS. Figure 3x.93 shows that plot for our four
candidate 600V MOSFETs of comparable on-resistance, revealing the dramatic differences between
the various technologies. Classic silicon power MOSFETs (trace 1 ) appear dramatically worse than
the rest (lower is better), shooting clear off the chart.90 The SiC and GaN parts (traces 3 and 4 )
look much better – but remember that you may need a part with lower on-resistance (thus a larger
die, with more capacitance) to get the needed low thermal resistance if your circuit operates the
MOSFET at high power dissipation.

In the figure, the silicon super-junction part (trace 2 ) looks the best of all. It wasn’t supposed
to be that way (secretly we were rooting for silicon carbide), and our preliminary experience with
the new WBG technologies leaves us very impressed with certain SiC parts, compared with some
super-junction parts. But this may simply illustrate an important point, that the specific parts
being compared must be examined in detail, with all their parameter interactions included, and that
you may discover gems in the special offerings of particular manufacturers.

C. Conclusion

Our comparison of MOSFETs made with the four different technologies is revealing. But we have
to confess that the choice of parts with comparable Ron was a bit unfair (though logical): Our giant
MOSFET spreadsheet is sorted first by voltage, and second by Ron; this makes sense, given that a
single die type may come in different packages, with different Pdiss and ID 25C ratings, and it’s also
useful when evaluating parts for use in, say, high-voltage pulse generators with 50 Ω back-terminated
outputs (see §3x.15). For such applications a low Ron compared with 50 Ω is important, whereas
having high power or high current capability usually is not.

But for power conversion the maximum current ID 25C is a more important parameter. So by way of
recompense, we’ve selected different silicon parts91 for an updated comparison mini-table in which

90But, hey, the silicon MOSFET is a BIG part! Recall its 1040W rating, compared with only 165W or less for the
others.

91The part numbers are STP20NM60 (silicon, ST Microelectronics); FCP190N65F (Si-SJ, Fairchild/ON Semi);
SCT2120AF (SiC, Rohm); and TPH3208PS (GaN, Transphorm).
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the contenders have comparable ID 25C ratings of ∼20 A (rather than comparable Ron of 120mΩ).
The two WBG devices remain the same, but now their Ron values are much less than that of the
silicon types, and silicon doesn’t look so bad.92

PD Ron @VGS ID 25C Qg Ciss

# type (W) (mΩ) (V) (A) (nC) (pF)

5 Si 192 250 10 20 39 1500
6 Si-SJ 208 168 10 21 60 2425
3 SiC 165 130 18 29 48 1680
4 GaN 96 110 8 20 10 760

For this new comparison set of MOSFETs, Figure 3x.94 replaces the earlier plot (Fig. 3x.92) of Coss

versus drain voltage. And the corresponding stored energy Eoss values at VDS =480 V become 25 µJ
for the silicon part93 and 7.5µJ for the silicon super-junction part; the latter is still the winner in
the stored-energy contest. For more about WBG parts, see §3x.17.3.
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Figure 3x.94: Drain output capacitance (Coss) versus drain voltage, for parts of compa-
rable maximum drain current, made with four different MOSFET technologies.

The wide-bandgap team responds. You guys were unfair to our team’s excellent WBG MOS-
FETs! For one thing, you could have chosen higher voltage parts, where our silicon carbide tech-
nology shines, for example the Cree C2M0280120D94 (1200 V, 10 A, $5), or the STMicroelectronics
SCT20N120 (1200V, 20 A, $10). Or you could have included higher current parts, like the Rohm
SCT2120AF (650 V, 29A, $10), which you evidently excluded because it’s too good (i.e., 29 A, versus
the 20 A competitors).

And then, in the gallium nitride arena, our lower voltage technology is most impressive, almost
magical in its fast-switching instant-off performance. For example, a 48 V–to–1.0V dc–dc converter
ordinarily requires two stages (for example, converting to 12V, then down to 1.0V), but Texas
Instruments is touting single-step designs with their LMG5200 80 V, 10A, $10 half-bridge GaN IC.
And they’re using their 600V, 40 A, $25 LMG3410 GaN integrated switch for smaller, more efficient
380V dc converters. Both of these parts integrate high voltage level-shifting, gate drive, protection,
and power GaN MOSFETs. Besides taking less space, they benefit from low-inductance internal
connections (gate-driver to MOSFET source), reducing deadtime and minimizing reverse-recovery

92The silicon super-junction part’s parameters aren’t as good as we’re used to seeing, compared with the others,
but that was the best we could find in the 20A region. For a better-looking part, check out the 44A FCP067N65S3.

93Calculated as Eoss =0.5Coss(eff)V
2 from the datasheet’s Coss(eff) value of 215pF.

94Authors’ note: a favorite of ours (even for 600V applications), see Fig. 3x.110.



3X.11. MOSFETS THROUGH THE AGES 103

problems. And the fast GaN technology lets them run their 380V PFC stage at 1 MHz, dramatically
reducing the size and weight of the magnetics. But, showing your silicon favortism, you guys blocked
that 600V part from the contest, because it wasn’t a discrete transistor! Once again, we protest
this unfair treatment, and we’re filing a complaint with the referee.


