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Improving the performance of power MOSFETSs by tailoring the

driver to the specific MOSFET gate requirements.
Jess Brown, Derek Koonce, Jasper Hou, Vishay Siliconix.

ABSTRACT

An ideal power MOSFET, would have very short
transition times, near zero rpgen, and infinite
power handling capability. These characteristics
depend largely on the device physics and
technology, but no matter how good the device
is, there is still a requirement to drive the power
MOSFET. There is also a need to match the
driver capabilities to those of the MOSFET to
achieve the best switching and conduction
performance. A low rpgen device may be let
down by the capability of the MOSFET driver,
which generally needs a higher drive capability.
This paper outlines a new Vishay Siliconix range
of integrated MOSFETs and drivers, developed in
power packages, which use optimised silicon and
package technologies to provide the most
favourable solution for point of load converters.

INTRODUCTION

The power MOSFET driver is often neglected
during the design of the power supply, with the
power MOSFET being considered the most
important part of the switching element. However,
it is the driver part of the power system that can
sometimes be easily improved to increase the
efficiency and switching performance of the
power supply. Simply by matching the
characteristics of the driver to that of the
MOSFET, it is possible to improve the
performance of the MOSFET, and as such the
performance of the power supply. There is also a
requirement (or opportunity) to match the driver
and MOSFET to specific applications, such as
point of load (POL) topology, where a low voltage
and high current is required, derived from a
relatively low input voltage in the form of a
distributed bus. Typically the distributed bus input
into the POL converter (synchronous buck) is
either 12 V or 5 V and this is converted into
output voltages, which can be as low as 0.9 V,
resulting in very small duty ratios. Therefore a
synchronous buck converter must have different
high-side and low-side switch characteristics to
obtain the best performance from the converter.
Combining these devices with an integral driver
results in an application-specific synchronous
buck power stage, which requires just a logic
input to control the output voltag e and leads to an
efficient dc-to-dc power supply.

This paper explores the performance advantages
of tailoring both the driver and MOSFET

combination to a specific application (Figure 1)
and also the benefit of implementing these in
an integrated package, with reduced
inductance and increased power handling.
Efficiency measurements are presented for
one specific application to illustrate the
advantages of using the integrated driver and
power MOSFET package.
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Figure 1. Typical POL synchronous buck
schematic.

TYPICAL POINT OF LOAD APPLICATION

A typical POL synchronous buck converter
operation condition of a 12V input and a 1.5-V
output results in a duty cycle requirement that
could be as low as 12.5%. This dictates the
physical sze of the silicon for the high-side
and low-side devices to be completely
different. The size of the silicon for the low side
device would need to be large to provide a
small Ipgen, wWhereas the high-side device
should be small to enable faster switching
times and hence smaller switching losses.
There are other POL applications, where the
input voltage is closer to the output voltage,
resulting in higher duty cycles. In these cases
the size of the silicon for both devices needs to
be very similar. Therefore for a given process
technology, MOSFET cell density and specific
available area of silicon, it is best to scale the
high-side switch and low-side switch
accordingly. Figure 2a shows an analysis of a
synchronous buck converter with a 12-V input
and a 1.5-V output and how the efficiency
varies with different die size ratios between
high-side and low-side MOSFET area, where
the xaxis is the ratio of silicon for a specific
given total area In this case the die size ratio
is defined as being normalised to the low-side
device silicon. As the die ratio increases,
switching losses become dominant and



progressively reduce efficiency. As the die ratio
decreases, conduction losses tend to drive the
efficiency lower. The optimum high-side-to-low-
side silicon ratio in terms of efficiency for this
case is 0.5:1.0. Figure 2b shows the same
analysis for the same amount of total silicon area,
but with a higher input voltage level of 20V. In
this instance the ided ratio of high-side silicon
area to low-side is 0.3:1.0. By knowing this, it is
possible to maximize the low-side silicon area for
the appropriate current level and then scale the
high-side device area accordingly. For high duty
cycle applications, such as POL converters with
low input voltages , the ideal die ratio is 1.0:1.0.

Application 12V > 1.5Voyr 20V, -> 1.6Vgyr

Opt.die high-side:low-side 05:1.0 03:1.0

Die size ratio

a b
Figure 2. Effect of die ratio on efficiency.
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THE DRIVER TECHNOLOGY

Gate-driver timing and associated dead times

Switching losses in a dc-to-dc converter can be
classed as consisting of two elements: gate drive
losses and the losses associated with the voltage
and current switching transient of the MOSFET.
However, in a synchronous buck converter there
is also the possibility of cross-conduction losses,
which can occur at the two transitions during the
switching cycle of the power supply, as shown in
Figure 3.

If the delay time between the high side and low -
side gate signals is not sufficiently long enough to
take account of the delays and transients
associated with the MOSFET switching then
cross conduction occurs. In this situation both
devices will conduct and hence there will be a
low-resistance path between the applied input
voltage and ground resulting in losses.

For the high-side turn-off to low-side turn-on
delay time, it has been found that the most
reliable and efficient way of controlling this is
through adaptive switching, which ensures that
the high side is turned-off before the low side is
turned on. as shown in Figure 4. The low-side
device will not turn on until the voltage at the
MOSFET half-bridge mid-point (Figure 1) is less
than a predefined voltage, thereby ensuring that
the high side device is already off.
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Figure 3. Timing of the high-side and low-
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Figure 4. Adaptive high-side turnoff low-
side turn-on control.

The low-side turn-off high-side turn-on can be
controlled through adaptive switching, but an
improvement in efficiency can be achieved by
instead using a fixed delay time. This is
because the low-side body diode, if allowed to
conduct, significantly increases the losses in
the switchmode power supply (SMPS), which
are related to the Q, and the V of the diode.
The losses associated with the Q,; are directly
related to the reverse recovery performance of
the body diode and proportional to the
switching frequency. If the body diode is in
conduction for a relatively long time, due to
excess dead time, then there will be an



increase in the conduction losses due to the \f of
the body diode. However, it is the Qq that will
generally contribute more to the losses than the
V4, since the dead time (and hence the time the
diode is forward biased) is usually a very small
percentage of the on-time of the MOSFET (<1%).
The body diode is prevented from going into
conduction. By reducing the low -side-t-high-side
turn-on, dead time is kept to an absolute
minimum allowing total non-conduction of the
body drain diode. The improvement with
efficiency, due to the reduction of the deadtime,
is shown in Figure 5.
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Figure 5. Simulation showing the

improvement in efficiency with the reduction
of dead time.

The reduction of the delay time does have the
disadvantage of causing cross conduction;
however, as long as this period is controlled, this
will not be an issue. Since the MOSFET and
driver are integrated, the chip designers can
achieve an accurately controllable dead time
geared towards the available MOSFET silicon. A
secondary effect, caused by the introduction of a
small cross-conduction period, is shown in
Figures 6a and b. Here it is seen that the peak
ringing voltage is reduced by the cross-
conduction condition. This limits the voltage
stress on the MOSFET, allowing designers to
possibly use a lower Vps-rated MOSFET for
improved performance or reduced cost.

SILICON TECHNOLOGY

Lower gate threshold MOSFETSs

With dedicated power MOSFETs and drivers in
one package it is possible to optimise the silicon
to the final application. One such optimisation is
to use a low-side MOSFET with a low gate
threshold, (Vy). This has three effects on the
performance of the MOSFET as shown in Table
1. A low V,, slows down the turn-off of the
MOSFET and in doing so allows some cross-
conduction, which helps to dampen the ringing of

the voltage seen on the mid-point of the
MOSFET bridge. Also a low gate threshold
results in lower conduction losses due to the
associated lower Ibsen), and the turn-on rise
time is reduced with a lower .
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Figure 6. The effects of cross conduction
on the peak ringing value of the mid-point.
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Table 1. Summary of the effects of a low
gate threshold.

Lowering the threshold of the MOSFET can be
done in one of two ways:

1) lowering the doping or

2) by using a thin the gate oxide.

Lowering the doping requires a longer channel
length to help maintain sufficient charge to
prevent punch-through:

Qch=N gop * Leh- €8]
Increasing the channel length increases the
Ciss and rpgpn of the MOSFET.
Thinning the gate oxide will
increase in the capacitance:

Cisand Cs5:Cx=€ [ Tox (2)

result in an



Thus, this can increase switching losses when
used at frequencies above 300 kHz. However, for
low-frequency applications with low gate-drive
voltage, say 300 kHz and 5 V, a lower-gate-
threshold device can offer better performance.

DV/DT shoot through rugged

The silicon can also be optimised to provide a
device that is shootthrough rugged. This
condition occurs when the high side turns on,
causing a high dVv/dt transition on the switching
node (mid-point). This sharp rise in voltage can
inflict a voltage pulse on the low-side MOSFET
gate due to the Miller capacitance feedback
(Figure 7). If the gate threshold is low then the
occurrence of this condition can be more frequent
and as such more of a concern for the designer
than a MOSFET with a relatively high gate
threshold value. However, proper selection of
MOSFET parameters and optimisation of the
MOSFET process can help reduce this effect. By
controlling the ratio of the capacitances involved
in this feedback mechanism (Cgq and GCyg), the
Vs pulse may be limited by the equation

o) -to ¢
Vbs él_ eFaG*Ciss : (3)
to >
For a set condition, a family of curves can be
generated (Figure 8) to prevent shoot through
during this switching transient. For example, with
a Css=4 nF, the G4 /Ciss ratio needs to be less
than 0.4 (Qg4/Qqgs ratio of 1.0) for a typical
threshold of 1.8 V to 2 V. Use of a low-threshold
MOSFET requires a ratio of less than 0.25

(Qgu/Qgs ratio of 0.8) to ensure that shoot-through
is minimised.
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v| n

dv [ dt

Figure 7. dVv/dt shoot—through__(_:ondition

High cell density

New MOSFET processing technologies have
been developed to lower the MOSFET fIpggn),
reduce switching losses, and lower Q . The first
process improvement was to increase the cell
density and reduce the trench depth. Increasing

the density requires a narrower trench and
thus a reduction in the Qgp. The increased cell
density[l] also allows for more parallel trenches
and a reduction in the MOSFET resistance per
area. For comparison, previous MOSFET
technology for an SO-8 package yielded an
Iosen) - Qg figure of merit of 240 m?-nC, with a
maximum rps at 4.5 V and typical Qg at 4.5 V.
The higher-cell-density bgen)-Q ¢ figure of merit
is110 m?-nC.
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Figure 8. Shoot through ruggedness
curves.

PACKAGE TECHNOLOGY

Vishay Siliconix initially developed an SO-16
package to house the integrated driver and
MOSFETs. iThe development of new silicon
technology and a further understanding of the
requirements has resulted in a family of SO-16
devices that include the integration of a
Schottky diode with the low-side MOSFET
(Si4724CY) and two sets of MOSFET voltage
ranges: 30 V (Si4768CY) and 20 V
(Si4770CY). The SO-16 package and product
efficiencies tend to limit the maximum current
to 15 A, with a switching frequency of 200 kHz.
To extend this current range the SO-16 parts
have been configured to be used in multi-
phase power supplies, and a 4-phase
evaluation board has been built and is shown
in Figure 9.

To provide a part with a higher current
capability of at least 20 A at a switching
frequency of 1 MHz per phase, a change in
package was required. Therefore a thermally
enhanced package has been developed, which
maintains a small board area, whilst increasing
the thermal performance, in the form of a 9
mm by 9 mm MLF package (Figure 10). This
package also lends itself to further
improvements on the internal construction and



by reducing the lead inductance significant
efficiency improvement can be made, as shown
in Figure 11, which shows this step-wise
efficiency improvement using simulations.
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Figure 9. Four-phase evaluation board,
implementing SO-16 packages.
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Figure 10. Schematic of new MLF package.
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Figure 11. Simulations showing improvement
in efficiency with packages.

TEST RESULTS

Using the four-phase board shown in Figure 9
(available from Vishay Siliconix), several tests
were completed to obtain a trend of the
performance of the integrated driver and
MOSFETs in the SO-16 package (Si4770CY)

and these are shown in Figures 12 through to
16. The most efficient measurement was
nearly 96% at a 5-A load and device switching
frequency of 500 kHz. An interesting
phenomenon is the low efficiency of the
devices at 200 kHz at low loads (Figures 12
and 13). This effect is probably caused by the
lossy magnetics (designed for higher currents)
and the circuit efficiency at 200 kHz does
improve with higher loads.
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Figure 12. Efficiency of the Si4770CY with
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Figure 13. Efficiency of the Si4770CY with 5
Vin, 1.85 Vout.
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The Si4770CY is designed to be more efficient at

low duty cycles, according to Figure 2. However, vin
it can be seen from Figures 15 through to 17 that
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efficiency under higher-duty test conditions is -
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Figure 15. Efficiency of the Si4770CY at 1MHz
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Figure 16. Efficiency of the Si4770CY at
750kHz
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Figure 17. Efficiency of the Si4770CY at
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Table 2. Losses calculated using analytic
equations.

CONCLUSIONS

Integrated MOSFET and driver products can
bring a performance improvement for dc-t-dc
synchronous buck power supplies. This paper
has shown that SO-16 MOSFET integrated
devices offer excellent efficiency for POL
applications. In addition, the 9 mm by 9 mm
MLF packaging will provide an unsurpassed
performance in delivering 20 A per device at a
switching frequency of 1 MHz. The
optimisation of the die size ratio, dead-time
control, and MOSFET plus driver provides the
best solution for the synchronous buck
converter but care should be taken to ensure
that the circuit is designed for the specific
application. In general fast switching devices
should be used for the high side and low rpg(n)
devices used for the low side. Therefore, with
the drive for increased efficiency there will be a
trend for more MOSFETs, and/or integrated
MOSFETs, which are designed to be
specifically suited to the circuit requirements,
with a range of products covering multiple
applications.
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