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It is important to use an appropriate gate voltage and gate
resistance to turn an IGBT on and off. If the gate resistance
used is too high, then the IGBT switching losses may be
excessive. The same is true if the gate voltage is too low. A
lower gate voltage can have a more detrimental effect on the
IGBT. If the gate voltage is low enough, the IGBT may pull
out of saturation and operate in the linear region. When this
occurs, the conduction loss in the IGBT is tremendous. The
effect is similar to a low voltage short circuit condition. This
problem is compounded if a large gate resistance is also
used. If the IGBT is not properly driven, this problem may
also be seen during turn on if the reverse recovery current
from a free wheeling diode forces the IGBT to operate in the
linear mode.

If hte gate reistance used is too low, then the IGBT fast
switching may lead to excessive EMI. The same is true if the
gate voltage is too high. The following example is provided to
better understand the effects of gate voltage and gate drive
resistance.
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FIGURE 1.

1. Set the collector-emitter di/dt such that the peak reverse
recovery current from the diode is less than 3 times the
rated current of the IGBT.

2. Using the gate charge curve along with the turn-on time
restrictions, the maximum gate resistance is determined
in the following way:

Specify the maximum turn-on time allowable (the longer
the turn-on time, the higher the turn-on losses). For this
example, use 100ns.

Specify the gate voltage used. For this example, use 15V.
From the gate charge curve, determine the minimum gate
charge required. For example, using the gate charge
curve with Vg = 400V, point “A” in Figure 1 represents
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the minimum gate charge required to turn-on the device
(for this example, 48nC).

3. To determine the maximum gate resistance, use the
plateau voltage associated with the Vcg(sar) condition of
your circuit. Subtract this voltage from the applied gated
drive voltage (15V - 8V = 7V). This represents the voltage
available to provide current to charge and discharge the
gate.

Determine the gate current required 48nC/100ns = 480mA.
Determine the maximum gate resistor 7V/480mA = 14.6Q.

4. The minimum gate resistor may be limited by the gate

driver or EMI issues.

Turn-off is mainly controlled by the internal device physics. A
gate resistor that is too large in value will cause the turn-off
energy to increase. Referring to the gate charge curve, we
see that under the given conditions, only 8V is available to
extract charge from the gate. If we design for a turn-off delay
of 150ns while using the same 14.6Q turn-on gate
resistance, then the gate drive circuit must sink 520mA. As
long as this time is shorter than the delay time provided in
the data sheet, the value of Eggg will not be detrimentally
affected. If this time is longer than the delay time provided in
the data sheet then the Eqpg will be higher than predicted.

Gate resistance validation:

Total gate charge + Design turn-off delay time = required
gate current.

Available gate voltage + required gate current = maximum
gate resistance.

Required gate current: 78nC/150ns = 0.52A
Maximum gate resistance: 8V/0.52 = 15.4Q

To illustrate the effect of excess gate resistance on-turn on
and turn-off refers to Figures 2 and 3.

For characterization of this IGBT, a gate resistance of 10Q is
used. Notice that with 15V on the gate and at 12A (the
current rating for this IGBT) decreasing the gate resistance
does not decrease turn-off losses below that with 10Q.
However, turn on losses are reduced.

The turn-on losses, Egnpe, represented in the data sheet are
the losses including the reverse recovery of a free wheeling
diode. This is representative of the losses in a boost PFC.
These losses are not only dependent on gate voltage and
gate resistance, but also diode temperature as illustrated in
Figure 4. If the IGBT is operating in a circuit such as a 2
switch forward and will not turn-on into a freewheeling diode,
Eony1 is provided. Egny is NOT dependent on temperature.
It is, however, dependent on gate voltage and gate
resistance.
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is

not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST U PACMAN™ SuperSOT™-3
Bottomless™ FASTr™ POP™ SuperSOT™-6
CoolFET™ GlobalOptoisolator™ PowerTrench O SuperSOT™-8
CROSSVOLT™ GTO™ QFET™ SyncFET™
DenseTrench™ HiSeC™ Qs™ TinyLogic™
DOME™ ISOPLANAR™ QT Optoelectronics™ UHC™
EcCoSPARK™ LitleFET™ Quiet Series™ UltraFET™
E2CMOS™ MicroFET™ SILENT SWITCHER U VCX™
EnSigna™ MICROWIRE™ SMART START™

FACT™ OPTOLOGIC™ Star* Power™

FACT Quiet Series™ OPTOPLANAR™ Stealth™

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT

RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, or (c) whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the
user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status

Definition

Advance Information Formative or
In Design

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

Preliminary First Production

This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.
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