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Introduction

The HCPL-3020 (DIP-8) and
HCPL-0302 (SO-8) consist of
GaAsP LED optically coupled to
an integrated circuit with a
power output stage. The current
rating, combined with the high
common mode rejection (CMR),
fast switching and latch-up per-
formance uniquely qualify these
optocouplers to be the ideal
choices in low power inverter
gate drive applications. The high
operating voltage ranges of the
HCPL-3020 and HCPL-0302 out-
put stages provide the drive
voltages required by MOS-gated
devices like IGBTs or MOSFETSs.
The voltage and current provided
by these optocouplers make it
suitable for driving IGBTs with
rating up to 1200V/20A.
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Design and Applications of HCPL-3020
and HCPL-0302 Gate Drive Optocouplers

Application Note 5004

The HCPL-3020 and HCPL-0302
represent one of the cheapest
solutions to drive MOS-gated
devices in safe, efficient, reliable
and cost—effective manner. Be-
sides its ease of implementation,
the HCPL-3020 and HCPL-0302
also excel in power consumption.
HCPL-3020 and HCPL-0302 will
please all designers in the motor
control or inverter arena as the
following features demonstrate:

* Low power consumption: Low
supply current of 3mA, which
allows powering HCPL-3020
and HCPL-0302 using boot-
strap technique. This
eliminates the need of an iso-
lated power supply or dc-to-dc
converter and a smaller Vo
capacitor can be used. This
not only reduces the printed
circuit board space but also
total system cost.
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* External gate resistor connec-
tion: Designer can control the
gate signal flow, and have an
option to slow down the
device commutation, therefore
reducing the amount of
Electro-Magnetic Interference
(EMI) compared to intelligent
power module (IPM) solution.

* Low level output voltage, V;:
The Vg, of HCPL-3020 and
HCPL-0302 is specified at 1.0V
maximum. This low voltage
possibly eliminates the need of
negative gate drive for many
applications.

* Low external part-count: by
integrating the gate driver and
isolation function in one pack-
age, the final HCPL-3020 and
HCPL-0302 implementation
reveals an obvious gain in
component reduction com-
pared to other competing
technologies, such as trans-
former and high voltage
integrated circuit.
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Figure 1. Recommended LED Drive and Application Circuit for HCPL-3020 and HCPL-0302.

SUNSTAR

Agilent Technologies

http://www.rfoe.net/ TEL:0755—83397033 FAX:0755-83376182 E-MAIL:szss20@0163.com



SUNSTAR

Bootstrap Power Supply Circuit
Figure 2 shows a bootstrapped
power supply circuit. This circuit
includes a bootstrap circuit for
providing output power to the
HCPL-3020 or HCPL-0302 gate
drive optocouplers, thereby elimi-
nating the need for isolated power
supplies or dc-to-dc converters. It
can be modified to suit other
Agilent Technologies’ gate drive
optocouplers and current/voltage
sensing isolation amplifiers.

In this basic bootstrap topology,
when the lower IGBT, Q, in the
bridge is turned on, the emitter
of Q, is pulled to -HV. Similarly,
when the upper IGBT, Q is
turned on, the collector of Q, is
pulled to +HV. This charges Cggy
and Cggyp, up to the supply volt-
age Vo minus the voltage drop
across the diodes Dy and D;.. The
energy stored in Cggy and Cpg,
can then be used to turn on Q;
and Q,. 3 mA low supply current
of HCPL-3020 and HCPL-0302
minimizes the value of Cggyy and
Cggr- The Vi voltages are
clamped by Zener Diodes, Dy
and Dy;.

Influence of Gate Resistor

With external gate resistor con-
nection, designers can control
the IGBT gate signal flow, and
have an option to slow down the
device commutation; therefore
reducing the amount of Electro-
Magnetic Interference (EMI)
compared to intelligent power
module (IPM) solution.

Series gate resistor is typically
used for both turn-on and turn-
off of MOS-gated devices. It is
commonly implemented using
only a resistor. Advance gate
control usually realized using
different resistors for turn-on
and turn-off.

A small gate resistor will help in
avoiding cross conduction, limit-
ing IGBT switching losses and
improve di/dt. On the other hand,
large gate resistor can help to
avoid ringing, limiting the free
wheeling diode losses and reverse
recovery voltage. Designers need
to balance the trade-off in select-
ing an optimize gate resistor.
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Figure 2. Bootstrap Circuit for Power Control System.
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Calculation selection of gate
resistor, based on limiting the
gate current and power dissipa-
tion can be found in application
section of HCPL-3020 and
HCPL-0302 data sheet.

Speed Improvement Circuit
Designers typically focus more
on turn-off process of MOS-gated
devices. This is because the turn-
on speed is generally satisfactory
to drive the MOS-gated devices.

The circumstance is very much
different during turn-off. Theo-
retically, the turn-off speed of
MOS-gated device depends only
on the gate drive circuit. A high
current turn-off circuit can dis-
charge the input capacitors more
rapidly, providing shorter
switching times and as a result
lower switching losses. Higher
discharge current can be accom-
plished by using a low output
impedance gate driver and/or a
negative turn-off voltage.

Low switching losses can be
achieved by having faster switch-
ing, but it comes with a trade-off
of increase ringing in the wave-
forms due to the higher turn-off
di/dt and dv/dt. This must be
taken into consideration in view
of EMI concern.

A. Anti-Parallel Diode Turn-0ff Speed
Improvement Circuit

One of the simplest turn-off
speed improvement techniques
is the anti-parallel diode, as
shown in Figure 3. This simple
circuit allows tuning of the IGBT
turn-on speed by varying Rgarg.
During turn-off, the anti-parallel
diode, Dypr shunts out the resis-
tor, Rgatr- Dorr Will be forward
biased and starts to conduct only
when the voltage drops across
the gate resistor, is higher than
forward voltage of Dqpy:

Is x Rgare > Vrporr
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Therefore, as the gate-to-emitter
voltage approaching zero, the
effect of anti-parallel diode
becomes less significant. Conse-
quently, turn-off delay time is
reduced, but improvement
switching times and dv/dt immu-
nity is only incremental.

B. PNP Turn-0ff Speed Improvement
Circuit

One of the most popular arrange-
ments to improve turn-off speed
is the pnp turn-off speed
improvement circuit illustrated
in Figure 4.

In this simple circuit, during the
turn-on, the input capacitor of
IGBT is being charged through
gate resistor, R and turn-on
diode, Dgy. Doy also prevent

reverse breakdown of the base-
emitter junction of Qqpr during
the initial stage of the turn-on
process.

During turn-off, the pnp transis-
tor, Qopr, is being turned-on, and
gate turn-off current is being dis-
charges through Qqpp to emitter
of IGBT. With this simple circuit
configuration, the area enclosed
by high turn-off discharge cur-
rent loop is being minimized.

The speed improvement circuit
minimizes ground-bouncing
problem by not discharging the
turn-off current through the gate
driver. Simultaneously, the
power dissipation of the gate
driver is cut to half.
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C. Negative Gate Drive Turn-off
Speed Improvement Circuit

Low level output voltage, V;, of
HCPL-3020 and HCPL-0302 of
1.0V maximum possibly elimi-
nates the need to negative gate
drive for many applications.
Under certain circumstances, a
negative gate voltage as shown in
Figure 5 can be applied to
reduce the switching losses dur-
ing turn-off.

Negative gate drive also help to
ensure IGBTs in off state during
turn-off process even with the
present of high dv/dt noise in
collector-emitter voltage.
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Figure 4. PNP Turn-0ff Speed Improvement Circuit.
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Figure 5. Negative Gate Drive (Vgg) for Fast Turn-off.
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Common Mode Transient Immunity
In motor drives and inverters,
there are large voltage transient
generated by switching of the
transistors. Common Mode Tran-
sient Immunity of gate drive
optocouplers is the key attribute
that allow the transmit of accu-
rate information across the
isolation barrier. All Agilent
Technologies’ gate drive
optocouplers rely on two key
technical strengths to achieve
high Common Mode Transient
Immunity. The first is use of a
proprietary, low-cost Faraday
shield, which decouples the
optocoupler input side from the
output side. The second method
is by unique package design,
which minimizes input-to-output
capacitance. For proper LED cir-
cuit consideration for ultra high
Common Mode Transient Immu-

nity performance, please refer to
application section of HCPL-
3020 and HCPL-0302 data sheet.

Driving Higher Power IGBT

A non-inverting current buffer,
as illustrated in Figure 6 can be
used to boost the IGBT gate drive
current of HCPL-3020 or HCPL-
0302. Even though the driver is
built from discrete components,
it is necessary to have its own
bypass capacitor placed across
the collectors Q; and Q,. Prefer-
ably, a smoothing resistor, R is
inserted between the bypass ca-
pacitor of HCPL-3020 or
HCPL-0302 and the bypass ca-
pacitor of the current buffer can
improve noise immunity. The
Rpiag can be selected to provide
the required gate impedance
based on the large signal beta of
the driver transistors, Q; and Q.
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Figure 6. Current Buffer for Increased Drive Current.

Table 1. Agilent Technologies Gate Drive Optocouplers Portfolio.

http://ww.rfoe.net/ TEL:0755-83396822 FAX:0755-83376182 E-MAIL:szss20@163.com

This current buffer should be
placed as close as possible to
IGBT to minimize the parasitic
inductance of the gate charging
and discharging current loop.

If need of higher current arise,
as a leading supplier of gate
drive optocouplers, Agilent Tech-
nologies offers gate drive
optocouplers with output cur-
rent as high as 2.A offer in
various packages to meet the re-
quirements. These higher output
current gate drive optocouplers
help to:

- reduce external components
needed for current buffer

- reduce printed circuit board
space for discrete components

- reduce system cost

Part Number Description Package
HCPL-316J Highly Integrated Single Channel 2.0A Gate Drive Optocoupler S0-16
HCPL-3120 2.0A IGBT Gate Drive Optocoupler DIP-8
HCPL-J312 2.0A IGBT Gate Drive Optocoupler DIP-8
HCNW-3120 2.0A IGBT Gate Drive Optocoupler 8-pin Widebody
HCPL-3150 0.5A IGBT Gate Drive Optocoupler DIP-8
HCPL-315J 0.5A IGBT Gate Drive Optocoupler, Dual Channel S0-16
HCPL-0314 0.4A IGBT Gate Drive Optocoupler S0-8
HCPL-3140 0.4A IGBT Gate Drive Optocoupler DIP-8
HCPL-J314 0.4A IGBT Gate Drive Optocoupler DIP-8
HCPL-314J 0.4A IGBT Gate Drive Optocoupler, Dual Channel S0-16
HCPL-0302 0.2A IGBT Gate Drive Optocoupler S0-8
HCPL-3020 0.2A IGBT Gate Drive Optocoupler DIP-8
4
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Conclusion

Agilent Technologies’ HCPL-3020
and HCPL-0302 enables designers
to meet stringent requirements of
high Common Mode Rejection
(CMR), wide operating tempera-
ture range and fast switching in
low power inverter gate drive
applications, specially targeting at
low power industrial inverters
and inverter controlled consumer
appliances. Low I supply cur-
rent also allows the use of smaller
V¢ capacitor, and use bootstrap
technique eliminating costly
isolated power supply. A few
speed improvement circuits for
HCPL-3020 and HCPL-0302 are
recommended. Though current
buffer can be used to increase
driving current, Agilent
Technologies does offer higher
output current gate drive
optocouplers up to 2.0A, which
help to reduce external compo-
nents, PCB space and system cost.

www.agilent.com/semiconductors

For product information and a complete list of
distributors, please go to our web site.

For technical assistance call:

Americas/Canada: +1 (800) 235-0312 or
(916) 788-6763

Europe: +49 (0) 6441 92460

China: 10800 650 0017

Hong Kong: (65) 6756 2394

India, Australia, New Zealand: (65) 6755 1939

Japan: (+81 3) 3335-8152(Domestic/International), or
0120-61-1280(Domestic Only)

Korea: (65) 6755 1989
Singapore, Malaysia, Vietnam, Thailand, Philippines,
Indonesia: (65) 6755 2044

Taiwan: (65) 6755 1843

Data subject to change.
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