=m UNITRODE

Design Notes

DN-35

IGBT DRIVE USING MOSFET GATE DRIVERS

John A. O’'Connor

IGBT Drive Requirements

Insulated gate bipolar transistors (IGBTs) are
gaining considerable use in circuits requiring high
voltage and current at moderate switching
frequencies. Typically these circuits are in motor
control, uninterruptible power supply and other
similar inverter applications. Much of the IGBTs
popularity stems from its simple MOSFET-like gate
drive requirement. In comparison to bipolar
transistors which were formally used in such
designs, the IGBT offers a considerable reduction in
both size and complexity of the drive circuitry.
Recent improvements in IGBT switching speed has
yielded devices suitable for power supply
applications, thus IGBTs will compete with
MOSFETSs for certain high voltage applications as
well. Many designers have therefore turned to
MOSFET drivers for their IGBT drive requirements.
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Figure 1. High dv/dt at the collector couples to the gate
through parasitic capacitance.

IGBT drive requirements can be divided into two
basic application categories: Those that do not apply
high dv/dt to the collector/emitter of the IGBT when
it is off, and those that do. Examples of the former
are buck regulators and forward converters, where
only one switch is employed or multiple switches are
activated synchronously. High dv/dt is applied
during the off-state in most bridge circuits such as
inverters and motor controllers, when opposing
devices are turned on. Simultaneous conduction of
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opposing devices can occur in such circuits, often
with catastrophic results if proper gate drive and
layout precautions are not followed. This behavior is
caused by parasitic collector to gate (miller)
capacitance, effectively forming a capacitive divider
with the gate to emitter capacitance and thus
inducing a gate to emitter voltage as illustrated in
figure 1.

When high off-state dv/dt is not present, the IGBT
can be driven like a MOSFET using any of the gate
drive circuits in the UC37XX family as well as from
the drivers internal to many switching power supply
controllers. Normally 15 volts is applied gate to
emitter during the on-state to minimize saturation
voltage. The gate resistor or gate drive current
directly controls IGBT turn-on, however turn-off is
partially governed by minority carrier behavior and
is less effected by gate drive.

There are several techniques which can be
employed to eliminate simultaneous conduction
when high off-state dv/dt is present. The most
important technique, which should always be
employed, is a Kelvin connection between the IGBT
emitter and the driver's ground. High di/dt present in
the emitter circuit can cause substantial transient
voltages to develop in the gate drive circuit if it is not
properly referenced. The Kelvin drive connection
also minimizes the effective driver impedance for
maximum attenuation of the dv/dt induced gate
voltage. This requirement adds complication to
driving multiple ground referenced IGBTs due to
finite ground circuit impedance. Substantial voltages
may develop across the ground impedance during
switching, requiring level shift or isolation circuitry at
the command signal to allow Kelvin drive circuit
connections.

Bipolar Gate Driver

A Kelvin connected unipolar driver may often be
adequate at lower switching speeds, however
negative gate bias must be applied during the
off-state to utilize the IGBT at higher rates. This
becomes apparent when one considers that the gate
to emitter threshold voltage drops to approximately
1.4 volts at high temperature. With high dv/dt at the
collector, a very low and impractical drive
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impedance is required to assure that the device
remains off. By utilizing a negative turn-off bias, an
adequate voltage margin is easily achieved,
allowing the use of a more practical gate drive
impedance. Fortunately most gate drivers have
sufficient voltage capability to be used with bipolar
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Figure 2. Bipolar IGBT gate drive using the U3708

power supplies. The UC3708 shown in figure 2 can
deliver up to 6 amps peak with both output's
paralleled, and is particularly suited to driving IGBTSs.
For added reliability during power sequencing, its
output’s “self bias”, actively sinking current when
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insufficient supply voltage is present. The positive
supply,+Vcc, is normally 15 to 16 volts and the
negative supply, -VEE, typically ranges between -5
and -15 volts depending on circuit conditions. A PNP
level shift circuit references the drive signal to
ground. Opto-couplers are also commonly
employed, and may be interfaced directly to the gate
driver by referencing the signal to the negative
supply. Note that this is a very demanding
application for optocouplers, and only devices rated
for high CMRR should be used.

Isolated Gate Driver

A bipolar IGBT gate driver with over-current
protection can be implemented using the

UC3724/UC3725 isolated gate driver pair as shown
in figure 3. The UC3724/UC3725 transmits both
power and signal across a small pulse transformer,
thereby achieving low cost, high voltage isolation.
An additional transformer winding develops a
negative voltage, providing a bipolar supply for the
UC3708. The UC3724/UC3725 can also be used for
circuits which do not require negative turn-off bias
by simply eliminating the negative supply and
external driver, and using the UC3725 to drive the
IGBT gate directly. Application note U-127 covers
the UC3724/UC3725 in depth.
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Figure 3. Power and signal are coupled to the UC3708 through the UC3724 / UC3725 Isolated Gate Driver Pair.

UNITRODE CORPORATION
7 CONTINENTAL BLVD.. MERRIMACK. NH 03054
TEL (603) 424-2410 \FAX (603) 424-3460

4-12



IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.
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